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Nucleosynthetic processes
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r-process nucleosynthesis
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neutrinos and r-process nucleosynthesis

Neutrinos can influence the: b+ n=p+e
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e |nitial electron fraction key quantity: Ve + p—nt+e
electron fraction
* Entropy per baryon V. — 1
1+ (n/p)
* Free nucleons .avallable for | Y. = 0.02 Y. — 0.14 Y, = 0.18 Y, = 0.24
capture following seed formation — Y. =012 —— Y. =016 Y, = 0.21 Y, = 0.98

Zhu+2021

UNIVERSITY OF ]_O

Abundance

NOTRE DAME 120 140 160 180 200 220 240

College of Science
8 A



neutrinos and r-process nucleosynthesis

Neutrinos can influence the:
* I|nitial electron fraction
* Entropy per baryon

* Free nucleons available for
capture following seed formation
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neutrino oscillations and r-process nucleosynthesis
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Nuclear data for the r-process

| III==
| =III= =
H H EEE B
| IIII= =
|| II= =
| | IIII= |
| =III=.I
H H EEE B
H H I EEEER
H H EEEEE B
H HEEEE B B
ANEEE H B
H B = |
H B =IE==
H N =I=II H E
masses from AME2016 m guguk § =
H EEEEEEE B B
H B II=I= |
| =I=l= | |
H EEEEE H
| II=== | 4* 1 ! I 1 ! B
.===. - ® AME O Extrap. AME DZ33— HFB21 WS3— KTUYO5
[ ] II= 3 i
| | IIII= =

n muind m —~ 2 |

e E

|| II= = S

II=I= - ‘;

N EEE B =

= Enm =

III== g

ff= S

gE" .

=.EII [ | ;

=-E“ Mumpower, Surman,
- McLaughlin, Aprahamian 2016 al | | (a) | | |
a 80 85 90 95 100
ol
s

Neutron Number (N)



Nuclear data for the r-process
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Nuclear data for the r-process
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Experiments with fast, stopped,
and reaccelerated beams

% .@F Rare isotope
Sl production area and
isotope harvesting
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Experimental prospects

AME 2016
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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 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 era?
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nuclear masses and the rare earth peak
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nuclear masses and the rare earth peak
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deducing r-process conditions from abundance
pattern details: the rare earth peak

mass modification parameterization:

M(Z,N) = Mpz(Z,N) + aye (Z=0)/2f
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reverse-engineering
results for a hot wind
r-process + new
experimental masses

Nicole Vassh,
FIRE/ND postdoc
now TRIUMF scientist
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Experimental data from
CPT at CARIBU (ANL)
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rare earth peak formation and r-process dynamics
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rare earth peak formation and fission products

Neodymium (Z=60) isotopes

Vassh, McLaughlin,
Mumpower, Surman 2022
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rare earth peak experimental prospects

125t & CPT2012 |
A CPT2017
1.0 r ANL N=126 Factory? I .
FRIB Day 1 I
0.75 —. FRIB Year2 ]
05 === FRIB Full Strength

0.0 h------Z00 [N - - - -

M — MDZ [MeV]

—0.25

-0.5

—0.75

Nd (Z=60)

93 95 97 99 101 103 105 107 109 111

Figure by N Vassh, Neutron Number (N)

Aprahamian+2018

UNIVERSITY OF

NOTRE DAME
. College of Science



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: gamma rays
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Actinide observables: ®°Fe and 44*Pu in Fe-Mn crusts

244py Flux Measurements
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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

Supernova Models Kilonova Models
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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.

X Bounds x (fin-) o 95% CI
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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
several years, including the first direct 70 R full reach - Ty 3
. : ullreach, . ... ;
detection of an r-process event, the r-process st et E
site(s) has not been definitively determined.  eof e o 1 E
ssE, L g :
The neutrino and nuclear physics of candidate sof:-- —— = 50 E
events remains poorly understood. FRIB has st . os E
the potential to reduce key nuclear 40 L e e e e :
. . oy . 70 80 90 100 110 120 130
uncertainties, facilitating accurate N
interpretations of r-process observables such Mumpower, Surman, McLaughlin,
as abundance patterns and light curves. Aprahamian, JPPNP 2016
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