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Why Focus on %°Nb?
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» The production sites of °°Nb are still poorly
understood

* [t cannot be produced via EC/B-decay of
92Zr and 22Mo, which are both stable

» Different nucleosynthesis sites have been
proposed:

v-process in core-collapse supernova
y-process in type la supernova

* Discrepancies still exist in the production of
92NDb relative to 22Mo between simulations
and observed ratios

Cosmochronometer : Long-lived radionuclide
produced in stellar events with a half life
comparable to astronomical timescales
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Nuclear Level Density and y-ray Strength Function
of %°Nb

Level density p (E) (1 MeV™)
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Nuclear Level Density of 2Nb

e Oslo data: RMI model
e Oslo data: G&C model
Total uncertainty
—— Known levels: all levels
- Known levels: removed unknown spins < 1.8 MeV

92Nb

- CT model: by RMI model
- CT model: by G&C model 4% %

o p from neutron res. data: by RMI model \L

o p from neutron res. data: by G&C model
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y-ray Strength Function of °°Nb

*’Nb Oslo data: RMI model

*’Nb Oslo data: G&C model

Total uncertainty

E1 + M1 + Upbend: RMI model

E1 + M1 + Upbend: G&C model

+ Mo Oslo data: G.M.Tveten, 2016
. 27r Oslo data: M.Guttormsen, 2017
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92Zr(\(,n): H.Utsunomiya, 2008
92Zr(y,n)+(y,n+p): B.L.Berman, 1967

-6 9?'Nb(y,n)+(y,n+p): A.Lepretre, 1971
10 - + 94Mo(\(,n): A.Banu, 2019 ,»W 4 g,
= : Mo(y n): H.Utsunomiya, 2013 ; :”*
T & *Mo(y,n)*+(y,n+p): H.Beil, 1974 "y"*z‘f,
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Combining the Oslo Method and TALYS

TALYS
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(n,y) cross sections o (mb)

9INb(n,y)?”Nb Cross Sections and MACS

¥Nb(n,y)*Nb cross sections
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Reaction Rates (cm3mol'1s4)

INb(n,y)?”Nb Reaction Rates
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* The experimentally extracted
9INb(n,y)°’Nb reaction rates are 2-3
times lower than the recommended
NON-SMOKER values

* However, the extracted rates are
comparable to the most recent
calculation, TENDL-astro 2023,
which provides the best model
predictions from TALYS
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Thank You!

« Research is supported by National Science Foundation Grant No: PHY-2209429
- Windows on the Universe: Nuclear Astrophysics at the FRIB

» Special thanks to my primary advisor, Professor Remco Zegers, and the FRIB
Charge-Exchange group

 Professor Artemis Spyrou and the FRIB SuN group

* Professor Ann-Cecilie Larsen and the University of Oslo Nuclear research group,
and the Norwegian Nuclear Research Center

* IReNA for the travel support

 Thanks to all other members involved in this work!

%) UNIVERSITY
7 OF OSLO

A
' MICHIGAN STATE
& \

FRIB

Neshad D. Pathirana, Slide 7



	Slide 1: Solving the Puzzle of the Cosmochronometer 92Nb Production Sites
	Slide 2: Why Focus on 92Nb?
	Slide 3: Nuclear Level Density and gamma-ray Strength Function of 92Nb 
	Slide 4: Combining the Oslo Method and TALYS
	Slide 5: 91Nb(n,gamma)92Nb Cross Sections and MACS
	Slide 6: 91Nb(n,gamma)92Nb Reaction Rates
	Slide 7: Thank You!

