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Nuclear Input for r-process

* masses |

* [ beta-decay rates e ---=====:55===i=55§
* | beta-delayed neutron emission probabllltles |

* | neutron capture rates —

Proton Number

* fission rates
 fission product distributions

e I"" Neutron Number _ * neutrino interaction rates
e Equation of state
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National Science Foundation
@ Michigan State University Artemis Spyrou, ANL, July 2019, Slide 3

N
NSCL




Sensitivity to neutron-capture reactions

a »sF| CARIBU ' .
Main r-process
0T Spyrou(MSU) ~
E 65t Muecher(Guelph) ory |Neutron-star merger
£ 60
; 55 B - . :
£ s0 e =_k'/7 Compare to (d,p) at TRIUMF
s Fo " " Liddick (MSU) Oslo/Surrogate
L : : ' ] Supernova
60 70 80 90 100 110 120 130
Mumpower et. al., PPNP 86 (2016) 86 Nedtron Number (N , Weak I-process
34 SRR EEEEEEE .
- L ] 16
32 .o Tll EEEEE -
- .o EEERETEEE 11812
N 30 oo Neemie 5w = ]
- 3 EENE ® = il E
28 m N E -
- (T BT EEE [ 1l s
26 O ENEEE -
30 40 20 60 70

N

Sensitivity measure

Surman, et al., , AIP Advances 4, 041008 (2014)

Artemis Spyrou, ANL, July 2019, Slide 4




La /Eu

Nucleosynthesis in the i process

Ba/La
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Neutron density: 102 - 106 cm3 (intermediate between
s (<101 cm3), and r process (>10%2 cm™3)

Proposed in the 1970s and revived recently to explain
observations of “strange” abundance distributions (site?:
post-AGB rapidly accreting white dwarf stars)

Neutron production: [3C(a,n)*0 }eaction like s process

Replenishment of 13CVia 2C(p,y)*3N and 3N(e*)13C with
T,/,~10 minutes.
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Sensitivity to neutron-captures
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Neutron Captures within the Statistical Model

Hauser — Feshbach

(n,y)

[

(A-1,7) ———— Large uncertainties
- * Optical model potential — further from stability

* Nuclear Level Density (NLD) _ o
} Dominate uncertainties

e y-ray strength function (ySF)

(A,2)

B-Oslo method:
 Combine traditional Oslo Method with Total Absorption Spectroscopy
* Use B-decay to populate the compound nucleus of interest

 Advantage: study nuclei far from stability
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Traditional Oslo method

» Use reaction to populate the compound nucleus of interest

» Measure excitation energy and y-ray energy

» Extract level density and y-ray strength function (external normalizations)
» Calculate “semi-experimental” (n,y) cross section

» Excellent agreement with measured (n,y) reaction cross sections
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S 3-Oslo

Spyrou, Liddick, Larsen, Guttormsen, et al, PRL2014

(A,2)

* Populate the compound nucleus via B-decay (large Q-value far from stability)
* Spin selectivity — correct for it

* Extract level density and y-ray strength function

e Advantage: Can reach (n,y) reactions with beam intensity down to 1 pps.
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Experimental Setup

SuN
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Reaction Rate (cm’s'mol™)

First (n,y) Results
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Ni(n,y) systematcis
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Nuclear Input for r-process

* masses

* | beta-decay rates o o
* beta-delayed neutron emission probabilities ._.é.....:a ............

* neutron capture rates s _
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Proton Number

* Ty, and P :Integral quantities
* Different calculations can give the same T,
* More sensitive probe: B strength

Neutron Number

figure by M. Mumpower
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r-process in neutron-star mergers
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[ * Direct Observation of Radioactive Decay

.2 * Important: Energy sharing between
decay particles
e Existing Data is often misleading!!!

(A,2)

Kasen et al., Nature 2017

/ﬂ Kilpatrick, et al, Science 2017

Made with SkyNet by Jonas Lippuner




The pandemonium effect in action

% y-ray emission
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e Sensitivity study to identify important nuclei —"
* More measurements needed
* Impact on kilonova observations? (A,Z)
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B-decay Intensity
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P-decay Intensity
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Neutron — Yy competition
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Neutron — v competition
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* High spin

* Low spectroscopic overlaps
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Summary

* Exciting opportunities with SuN at ANL

* B-Oslo provides experimental constraints far from stability.

 Radioactive decay for kilonova — Pandemonium
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