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Overview

* R-process.nucleosynthesis
* Uncertainties
oNeutron capture rates

* Experiment

* Results
e Future plans
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Nucleosynthesis paths
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Open questions: VWhat is the site of the r-process?

Core Collapse Supernova?

Neutron Star Merger?

Credit: Erin O’Donnell, MSU

Credit: NASA Goddard
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r-process calculations
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* Abundance pattern is different
for the different astrophysical
scenarios.

* Does one of them reproduce
the observed abundances best?

* Why can’t we tell?

M. Mumpower, J. Cass, G. Passucci, R. Surman, A. Aprahamian, AIP Adv. 4, 041009 (2014)
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r-process
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e Sensitivity studies 1/2

Astrophysical modeling

Observations

Nuclear theory
Neutron B-delayed

captures .~ neutrons
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Nuclear Physics Uncertainties: (n,y)
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Current (n,y) measurements
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Need (n,y) on short-lived nuclei
Direct measurements challenging
Indirect techniques being developed:
Surrogate (Escher, et al Rev. Mod. Phys. 2012)

YSF (Utsunomiya et al, PRC 2010)
Oslo (Guttormsen et al., NIMA 1987)
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Neutron Capture — Uncertainties

Hauser — Feshbach
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* Nuclear Level Density .
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Traditional Oslo method

» Reaction based

» Applicable close to stability

» Populate the compound nucleus of interest through a transfer or inelastic

scattering reaction

» Extract level density and y-ray strength function
»Calculate “semi-experimental” (n,y) cross section
> Excellent agreement with measured (n,y) reaction cross section

Excitation energy

cross section ¢ (mb)

“ P(E,,E,)=p(E,~E )T (E,)

1 2 3 4 5
Gamma energy (MeV)
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T.G. Tornyi, M. Guttormsen,et al., PRC2014
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Neutron Capture — [5-Oslo

(A,Z)

* Populatethe compound nucleus via B-decay (large Q-value far from stability)

* Spin selectivity — correct for it
 Extract level density and y-ray strength function

* Advantage: Canreach (n,y) reactions where beam intensity is 1 pps.

Spyrou, Liddick, Larsen, Guttormsen, et al, PRL2014
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National Superconducting Cyclotron Lab
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B-decay experiments
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Summing Nal - SulN
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|| A. Simon, S.J. Quinn, A.S., et al., Nucl. Instr.Meth A 703, 16 (2013)
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Proof-of-principle: 7>Ge(n,y)"*Ge
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Proof-of-principle: 7>Ge(n,y)"*Ge
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Results: °Ge(n,y) °Ge
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Weak r-process measurements

R. Surman, et al., , AIP Advances 4, 041008 (2014)
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Summary and Applicability
- gt

HE
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95Sr1

* New technique for constraining
(n,y) reactions far from stability

* 3 decay can be used with extremely
low beam intensities

7GGe

» Wide range of applicability
« Short lifetimes
« Low production rates
« Bounded by: - Q values
- Delayed neutron emission

20Ca
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