Nuclear physics of r-process
observables

Rebecca Surman ‘_‘
University of Notre Dame £ 194
Institute for Nuclear Theory

CaNPAN Jam
3 May 2024
,,,,, Theory Alliance
UNIVERSITY OF FACILITY FOR RARE ISOTOPE BEAMS
NOTRE DAME
" College of Science Office of @ SciDAC ENAF
ENERGY science |



r-process nucleosynthesis
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solar system
r-process residuals

r-process observables: abundance patterns
107 3
9 10'62 § % g
g i g
2 10°® i;,lﬁ{l o
g 107 r Lf’* I i-i
3 . 10 I _ ﬁ“ﬁw i b
10 -
1071 ' ' : ' -

80 100 120 140 160 180 200 220
Atomic mass number
Arnould+2007, Hotokezaka+2018
r-process elements
in metal-poor stars

UNIVERSITY OF

NOTRE DAME
College of Science

loge —loges ,

Scaled log €

Holmbeck+2020 Ta

4 746 8

N . i i i s B

40 50 60 70
Atomic Number

90




r-process observables: electromagnetic signatures

Kilonova SSS17a bolometric light curve
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Nuclear data for the r-process
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Nuclear data for the r-process
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Nuclear data for the r-process
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Experimental prospects

AME 2016
FRIB Day 1 reach
FRIB design goal
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Interpreting observables of r-process nucleosynthesis

* What observables are currently limited by nuclear uncertainties
that could be addressed in the FRIB/ARIEL/FAIR era?

* Are there distinguishing observables that rise above nuclear
uncertainties?

 What can we learn about nuclear physics far from stability from
r-process observables?
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Interpreting observables of r-process nucleosynthesis

* What observables are currently limited by nuclear uncertainties
that could be addressed in the FRIB/ARIEL/FAIR era?
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Did the GW170817 merger produce actinides?
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excess KN heating
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AB magnitude + constant
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Barrier Height [MeV]
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B decay and actinide production
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Nuclear masses and actinide production
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Interpreting observables of r-process nucleosynthesis

* Are there distinguishing observables that rise above nuclear
uncertainties?
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Actinide observables: gamma rays
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Actinide observables: gamma rays
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Actinide observables: gamma rays
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Actinide observables: ®°Fe and 44*Pu in Fe-Mn crusts
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Actinide observables: ®°Fe and 2**Pu in Fe-Mn crusts

Supernova Models Kilonova Models
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Actinide observables: ®°Fe and 2**Pu in Fe-Mn crusts
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Actinide observables: ®°Fe and 2**Pu in Fe-Mn crusts

Supernova Models Kilonova Models
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Actinide observables:
lunar regolith

regolith abundance [atoms/d]
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Interpreting observables of r-process nucleosynthesis

 What can we learn about nuclear physics far from stability from
r-process observables?
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TABLE II: Optimized parameter set UNEDF1. Listed are U N E D F 1
bounds used in the optimization, final optimized parameter I I la Sses

values, standard deviations, and 95% confidence intervals.
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Fission yield signatures
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summary

The origin of the heaviest elements in the r-process of nucleosynthesis has been one
of the greatest mysteries in nuclear astrophysics for decades.

Despite considerable progress in the past SETTTTT ANRSRSRS ASRSRRASS AMRAAEAS T2 A SRS AT A AN 5
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potential to reduce key nuclear uncertainties, N
facilitating accurate interpretations of r- Mumpower, Surman, McLaughlin,
process observables such as abundance Aprahamian, JPPNP 2016
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