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Overview

* R-process nucleosynthesis
* Uncertainties
ofB-decay rates
oNeutron capture rates

* Experiment (short)

* Results
* Future plans
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Nucleosynthesis paths
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r-process path and abundances
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Open questions: Origin of elements Sr-Y-Zr
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Open questions: What 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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Nuclear Physics Uncertainties: masses
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Nuclear Physics Uncertainties: - decay

Mumpower, Surman, Aprahamian (2015)
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Nuclear Physics Uncertainties: Bn
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Nuclear Physics Uncertainties: (1n,Yy)
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r-process

Observations

Neutron
captures
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B-decay
Sensitivity studies Ty
I-process Astrophysical modeling

Nuclear theory
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Why measure the [J decay strength

* Model constraints for better input in r-process calculations

(Cannot measure everything - we need to rely on model predictions)

* Nuclear structure information
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176Sr B-decay
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> Can get same T, , for different shapes

> Sensitivity to the nuclear shape
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The pandemonium effect

John Milton’s "Paradise LLost

Small size — low efficiency detector
Lin) I
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Counts

John Milton’s "Paradise LLost

The pandemonium effect: solution
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Summing Nal - SulN

v'16x16 inch

v'45 mm borehole

v'2 pieces

v'8 segments

v'24 PMTs

v Efficiency > 85% for 1 MeV

. ol S ot | A.Simon, S.J. Quinn, A.S., et al., Nucl. Instr. Meth A 703, 16 (2013)
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Experimental techniques

20 meter
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Weak r-process sensitivity

R. Surman, et al., , AIP Advances 4, 041008 (2014)
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Current (n,y) measurements
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(n,y)
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Neutron Capture — Uncertainties

Hauser — Feshbach

* Nuclear Level Density
Constant T+Fermi gas, back-shifted Fermi
gas, superfluid, microscopic

(A_l ’ Z) *y-ray strength function
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Neutron Capture — p-Oslo

(A,2)

* Populate the compound nucleus via B-decay

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

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

F Spyrou, Liddick, Larsen, Guttormsen, et al, PRL2014
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Proof-of-principle: >Ge(n,y)"°Ge

T935e
293E+43 Y

B-: 100.00%
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Proof-of-principle: >Ge(n,y)"°Ge
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Proof-of-principle: 7>Ge(n,y)"°Ge
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Proof-of-principle: >Ge(n,y)"°Ge

(b) Primary y’s
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Normalizations

* Functional form of level density 400F " (b)
and strength function 3500 | 3 gy mare-ca
: : . | A "Ge, TALYS tab.
* Three normalization points o 800F | — inearfitof nresdata | 4
— Low-energy level density. £ o500 BGeGe G€ ce| "Ge
— Level density at S.. “~5 -
- , L.~ 200F
— Average radiative width at S, ~ S
150F- Ge
- (a) C
~ | = From n.res.data 74 100}
5 —&— Systematics odd Ge "Ge "Ge : | ! | | | | I
10:——E—Systematicseven 76 -~ = T T T
o - | & ’®Ge, estimated Ge 5 6 7 8_ 9 10 1
> - . Neutron separation energy S (MeV)
) - n
g = BGe Ge egGgBGe
o | Tee * p(S,) from
S0 TGe —  Systematics
" Ge — Microscopic calculations
* <I'> normalized from systematics
5 6 7 8 9 10 11

Neutron separation energy Sn (MeV)

@’ National Science Foundation
9

Michi iversi
NSCL, ichigan State University Artemis Spyrou, May 2015, Slide 27



Traditional Oslo method

* Reaction based

237 238
- Applicable closer to stability g Np(n,y)™"Np
10° e 2% —— TALYS, OCL nid&rsf
* Populate the compound nucleus .8 e no M1 scissors
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Results: °Ge(n,y)°Ge
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Applicability

N
Sl
H
N
"5Ge  Wide range of applicability
» Short lifetimes
* Low production rates
* Bounded by
20 —Q values

—Delayed neutron emission
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