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

!".
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Solar heavy elements
= r-process (rapid neutron capture)

(slow neutron capture) +? The Origin of the Solar System Elements
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Gravitational Wave

Multi-messenger single events
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r-process sites in compact object mergers

Dynamical ejecta Accretion disk winds

(mass ejection mechanism and
neutron richness varies)

T (MeV)
-12

Very neutron-
rich cold, tidal
ejecta

—

Foucart+16 Owen&Blondin 05
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The r process in very neutron-rich conditions
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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
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s
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[ '
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0

25

Star-consuming
black hole

Credit: APS/Alan Stonebraker, via Physics

Siegel+18; see also Winteler+12; see also Mosta+17 Fuller+17
McLaughlin&Surman 05,
Miller+19
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Solar abundances and

nuclear structure
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Solar abundances and
nuclear structure
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Solar abundances and
nuclear structure
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Solar abundances and
nuclear structure
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Two neutron separation energy S, (MeV)

Mass trends and nuclear structure
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M;—Mpppanges (MeV)

Spotlight on the impact of nuclear masses

Masses determine key quantities that go into calculating capture and
decay rates; for instance:

Neutron capture rates depend on the one neutron separation energy:

Sn(Z, A+ 1) =Mz, + My — Mz 444

B~-decay rates depend on the Q-value:

Qﬁ‘ — (Mparent - ]Vldaughter)c2

! ! L ! ! L
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Neutron Number (N) I\/Iumpower+15



M;—Mrppanges (MeV)

Spotlight on the impact of nuclear masses

Masses determine key quantities that go into calculating capture and

decay rates; for instance:

Neutron capture rates depend on the one neutron separation energy:
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A nuclear feature in the rare-earths and peak formation
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Predictions for a nuclear

deformation in the rare-earths
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Abundance

A statistical approach to exploit the interp

nuclear properties and astrophysical o
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Markov Chain Monte Carlo
(MCMC) procedure

Monte Carlo mass corrections
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Perform nucleosynthesis calculation

2
Y A)-Y(A
Calculate Xz - }12%50( ®'rA(YzA)z( ))

Update parameters OR revert to last success

2
X (m)) » a(m) = £ (m)

L(m) = exp (_ 2 = Z(m-1)

Y(A)

M; — Mpz [MeV]

)
100'E
] g
!ili ...!
10+ | | ]
4o 3 n
; 11 RPNV "
: ;’).\
] "V“AV :
i
130 140 150 160 170 180 190
A
1.0
0.5
7
0.0 | A S
&
7. I\’/
~0.5 4 b
_1.0 1 1 1 1 1 1 1
90 92 94 96 98 100 102 104 106
Neutron Number (N) Movie by
N. Vassh

Black —solar abundance data  Red — values at current step
Grey — AME 2012 data Blue — best step of entire run



M — MDZ [MeV]

FRDM2012 ® AME A CPT

Applying physical constraints e

The one neutron pairing metric:
D,(Z,A) = (D47 (S(Z, A+ 1) — S,(Z, 4))
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Ejecta Outflow Parameters

Outflow Type Entropy (s/kg) Timescale (ms) Y,
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> Flow(Z,,N,) x Fission Yield(Zs,Ny)

Potential complications in understanding rare-earth _ 0008 00007 ogo _00m3 _ 000is
peak formation due to fission deposition

_ 10 i — -, \\
Y e

1073

Proton Number (Z)

00 110 120 1

107>
10-6 T
1 190 2 210 220 230 240 250 260 270

108 A

time = 4.910e-01 s —

98 N
T = 4.100e-01 GK el

[}

88 -g
>

78 - <
o

bt

68 - 2
o

N  5g -

48' . .I- = ] (n,V)
38 T B~ decay
.'_ . | (nf
ol "
— a decay
18 1 m spf

8 _I T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
N

Proton Number (Z)

Vassh+22,

35 -

arXiv:2202.09437 60 70 80 90 100 110 120

Neutron Number (N)




100 L

Abundance

10—2 L

100 L

Abundance

10—2 |

MCMC results in very neutron-rich astrophysical outflows
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MCMC results in very neutron-rich astrophysical outflows
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MCMC results in very neutron-rich astrophysical outflows

Hot Dynamical
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Atomic Number, Z
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Opportunities for progress in
nuclear astrophysics
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Proton number, Z

Opportunities for progress in
nuclear astrophysics

Theory developments:
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