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Seminal curve of atomic abundances

B2FH, Rev. Mod. Phys. 29, 547 (1957)

Type Ia SN
(artist view)

94Mo

C. Travaglio et al., ApJ 739, 93 (2011)
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M. Arnould & S. Goriely, Phys. Rep. 384, 1 (2003) 

Essential to improving the accuracy of 
stellar reaction rate theoretical 
predictions within Hauser-Feshbach
statistical models:


Gamma-ray strength function


Nuclear level density


Nucleon-nucleus optical potential

Image from C. Iliadis, Nuclear Physics of Stars (2007) 

entrance channel

exit channel
compound 

nucleus

p-Process Nucleosynthesis:
an extended network of some 20000 reactions 
linking about 2000 nuclei in the A  210 mass range
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~ 107 – 108 γ/s


94Mo: ~ 600 mg/cm2 , 98.97%


90Zr: ~ 1 g/cm2, 97.7%
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Nn – number of neutrons detected using 3He
counters

N - number of incident photons
Nt – number of target atoms per unit area 

(enriched target)
n – neutron detection efficiency

~55% @ 20 keV - ~25% @ 4 MeV 
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bi – neutron branching from TALYS
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90Zr(,n)89Zr
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90Zr(,n)89Zr

1 excited state

1 excited state

2 excited states
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90Zr(,n)89Zr

only g.s. neutrons !!

12.8
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94Mo(,n)93Mo

1 excited state
1 excited state
3 excited states
3 excited states
3 excited states
6 excited states
8 excited states
11 excited states
14 excited states
22 excited states
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94Mo(,n)93Mo

only g.s. neutrons !!

10.8
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A. Banu et al., Phys. Rev. C 99, 025802 (2019)
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Messages to take away
 Laboratory measurements of photodisintegration cross sections cannot

constrain the actual stellar reaction rates!  

 Accurate measurements of cross sections of photoneutron reactions
help constrain the E1 -ray strength function

 Neutrons emitted from excited states in the residual nucleus must be
appropriately accounted for when extracting the photoneutron
reaction cross sections

 If only neutrons emitted from directly populated ground state in the 
residual nucleus are considered, the photoneutron reaction cross 
sections can be overestimated!



The theoretical work was performed within the IAEA CRP on 
“Updating the Photonuclear Data Library and Generating a Reference Database
for Photon Strength Functions” (F41032)


