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The solar composition can be
decomposed into many processes
—> multiple nucleosynthesis sites

entiched the solar system
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LOGARITHM OF RELATIVE ABUNDANCE (Si=I0%)

Nuclear properties shape the solar abundances

Solar heavy elements
H = r-process (rapid neutron capture)

"N,  +s-process (slow neutron capture) + ?
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LOGARITHM OF RELATIVE ABUNDANCE (Si=I0%)

Nuclear properties shape the solar abundances

Solar heavy elements
H = r-process (rapid neutron capture)
e  t+s-process (slow neutron capture) +?
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Some candidate sites for r-process element production

Collapsar disk Magneto-rotationally Primordial black hole +
winds driven (MHD) supernovae neutron star
Collapsar

SNe Ic BL Rate ~ 100 GpC'3 yr-l

entropy
12

10
s

.5

[ '
.

0

25

Star-consuming
black hole
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Siegel+18; also Winteler+12; also Mosta+17 Fuller+17
McLaughlin&Surman 05,
Miller+19



The GW170817 binary neutron star merger

Over ~70 observing teams (~1/3 of the worldwide
astronomical community) followed up on the merger event!

Observed in UV, infrared, radio, y-ray, X-ray, and optical

and/or actinide mass fraction 1, opacity 1,
longer duration kilonova light curve shifted toward infrared
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Actinide production and kilonovae:
what is the reach of the r process in mergers?
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Zhu, Wollaeger, Vassh+18 (ApJ Letters 863, L23);
See also Vassh+19 (J. Phys. G 46, 065202),
Zhu, Lund+21 (including NV) (ApJ 906, 94)
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what is the reach of the r process in mergers?

Actinide production and kilonovae:
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Zhu, Wollaeger, Vassh+18 (ApJ Letters 863, L23);

See also Vassh+19 (J. Phys. G 46, 065202),
Zhu, Lund+21 (including NV) (ApJ 906, 94)
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Nucleosynthesis Predictions:
Abundance range from 10 mass models

Do binary NS mergers make enough

heavy elements?

LIGO/Virgo (GW170817)
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Coté, Fryer, Belczynski, Korobkin, Chruslinska, Vassh+18 (ApJ 855, 2)

*Now another confirmed NSNS merger GW190425 observed by LIGO

as well as a June 2021 confirmation of two observed NSBH mergers GW200105 and 200115!



r-abundances [Si=10°]

A modern approach to exploit the interplay between

nuclear properties and astrophysical outcomes
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M — Mpz [MeV]

MCMC results in similar vs
distinct astrophysical outflows
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Neutron star merger accretion disk winds with:
Hot = extended (n,y)S(y,n) equilibrium
Cold = photodissociation falls out early

Vassh+21 (ApJ 907, 98);
Orford,Vassh+18 (Phys. Rev. Lett. 120, 262702)
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Additional neutron capture processes hidden in the solar abundances?

r-process (rapid neutron capture) = Solar — s-process (slow neutron capture)
— j-process (intermediate neutron capture) — ...?
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mpact of neutron capture rates

KADoN|S = TALYS
- Non-Smoker —— CIGAR

10°

95 100 105

Neutron Number (N)

110

115 120 125
Mumpower+16

108}

107

106}

10° |

104}

103}

102 || s

107

1 All calculations

Microscopic only

Bl Phenomenological only

165Eu (n,y) |

2

a4

T(GK)

6 8 10

Nikas+20

Abundance

102 =
101 g TaT
- \
100 =
1071 2
1072 M
1073 '
60 7

TRIUMF

(r- and i-
process)

T T T T T
—— i-process
i-process,ratex0.1

—— weak r-process
Solar "r-residual"

t

\
=




ar

ISACII

ARIEL &*

New
Front End

New Mass
Separators

Exp.erirhent +
Fundamental Theory!

Degroes of Freadom

0%"0

Multl messenger

' . (and mult1 dlsaplmarﬂ

= nuclear astrophysms

Unknown

" Nugclear Properties -
rl..' N _|_ ..

. Astrophysical Sites

o

A,étroph.s/sical ;
Observables

»

Z Gravitational Waves

' ‘(*«». “Solar and Stellar Abundances

resent-day Solar System Composition
not shown)

=N
W
e
8
§
B
31
P
£
13
<

" supernova
Type Ib/c
supernova

\ SN 2002bj

N\ sN2010X

Absolute magnitude

SN 1999em + I‘
Kilonova I

-20 -10 0 10 20 30
Time from peak (rest-frame days



