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65 years of Nuclear Astrophysics:
Multiple nucleosynthesis sites enriched the solar system

Burbidge, Burbidge, Fowler, and Hoyle (B2FH) (1957)
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M m ﬂ Very radioactive isotopes; nothing left from stars
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65 years of Nuclear Astrophysics:
How many processes? What are their astrophysical sites?

Burbidge, Burbidge, Fowler, and Hoyle (B2FH) (1957)

Fission

[o4]

He -BURNING

\IRON GROUP
o

(]

Number of Protons

».

N

rp-process
r-process

Ny
=
4
2]
wul
Q
Z
(o]
=
=
[ae]
P
(78]
=
=
~d
(VY]
[+4
W
(o]
=
X
=
a
<t
3
-

neutron star proc

supernova cores

Arcones+17 s-process

20 28 50 : 126
Number of Neutrons I-process + more...

ATOMIC WEIGHT




Burbidge, Burbidge, Fowler, and Hoyle (B2FH) (1957)

LOGARITHM OF RELATIVE ABUNDANCE (Si=I0°)
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65 years of Nuclear Astrophysics:

Observables depend on the properties of exotic nuclei

Example: heavy elements
= r-process (rapid neutron capture)
He + s-process (slow neutron capture) +?
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65 years of Nuclear Astrophysics:
Observables depend on the properties of exotic nuclei

Burbidge, Burbidge, Fowler, and Hoyle (B%FH) (1957) " o-decay,
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Where and when were the elements we see in stars produced?

Collapsars

SNe |c gL Rate ~ 100 Gpc3 yr?
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1. Eventidentification + EM follow-up
2. NSEOS

3. NS merger rate in the local universe
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Actinides in mergers? Spotlight on nuclear fission in astrophysics

Fission yields
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Actinides in mergers? Spotlight on nuclear fission in astrophysics
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Another messenger from NSMs: MeV gamma rays from fission
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NS merger dynamical ejecta: dependence on the NS EOS

T (MeV)
-12

Dynamical ejecta

Very neutron-

rich cold, tidal 4
ejecta
Foucart+16
10_1 B ! ! L | ! L ! | ! ! | | .
1072k -|_ .
~ F o -
s
1073k 4
—— BHB1p_M135135_M0 ]
DD2_M135135_MO ]
| —— LS220_M135135_MO
1074k —— SFHo_M135135_MO -
N N T T R 1 1 n | ]
0.0 0.1 0.2 0.3 0.4 0.5

Y.

NSM simulations with EOS variations by Radice+19 found:

* Stiff EOSs such as BHBA¢ and DD2 typically have less tidally
dominated ejecta than softer EOSs such as LS220 and SFHo

* Softer EOSs eject more mass overall

Relative abundances

10~4 3

Radice+19

10~1
10—2 -

103 3

100=I -

—— BHB1p_M135135_MO

DD2_M135135_MO

— LS220_M135135_MO

—— SFHo_M135135_MO e Solar

50

75

| T T T I T SR S N S S’ 1
100 125 150 175 200
A



Where and when were the elements we see in stars produced?

Collapsars

SNe |c gL Rate ~ 100 Gpc3 yr?

remnants

+ ... Massive
: stars
NS
Supernovae

Dust formation Molecular cloud

® Ry, Shock wave
0%
e 0

/7" Massloss " "::.-..7:-

Ny

‘ Dust evolution in the ISM
- &—

Stellar ~  Solar system §

for==

Primitive meteorites '
(presolar dust) -
(diamond, SiC, graphite, -..)

(¥ Cometary dust

)

Accreting WD and
WD mergers

Binary NS and
BHNS mergers

- %

% i
. How do current gravitational wave
- detections inform this picture?

BNS example:

1. Eventidentification + EM follow-up
2. NSEOS

3. NS merger rate in the local universe




Do binary NSMs make enough
heavy elements?
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Barnes 20 Light Curves
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Barnes 20 Light Curves
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Previous analysis considered Eu only,
now extended to all r-process
dominated elements

Models / mass ejection combos that require
a higher LIGO rate implies the need for
additional astrophysical sources

Models / mass ejection combos that require
a lower LIGO rate can be ruled out

Do binary NSMs make enough

heavy elements?
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Proton Number (2Z)

Opportunities for progress in

nuclear astrophysics

Worldwide experimental campaigns
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Proton Number (2Z)
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Where and when were the elements we see in stars produced?
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Some thoughts:
1. NS merger rates as a function of
' cosmic time with advanced ground-

based detectors (Cosmic Explorer)
Supermassive BH merger rates
inform galaxy evolution sims
(insights on star formation) (LISA)
Insights on WDWD merger rate
(LISA) (WD+WD = SN1a progenitor?
Informs Fe production in GCE sims)
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