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Where do the heavy elements come from?

Siegel+ NatRevPhys 2622
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Heavy element production in GW170817
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Can BNSs match r-process observations?

rate and yield
inferred from
GW170817
agree with
observations

e.g. Siegel EurPhysJA 2019
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Can BNSs match r-process observations?

[Eu/Fe]

1.00 -

0.75 1

0.50 4

0.25 -

r-process enrichment —

0.00 A

—0.25 -

i

disk stars

—— (Coll. + NS mergers
—— NS mergers

Siegel EurPhysJA 2619

star formation -

—0.50
—1.5

—1.0

0.5
[Fe/H]

0.0 0.5

extrapolation
of GIW170817
rate-yield back
over Galactic
history is a
poor match to
metal-poor star
r-process
abundances


https://arxiv.org/abs/1901.09044

Can BNSs match r-process observations?

Is the GW170817-inferred r-process rate-yield representative?

> How often do BNS mergers occur?
> Whatis the mass distribution of merging neutron stars?
> How compact are neutron stars?

How does the BNS merger rate vary over cosmic history?
> Whatis the BNS delay time distribution?

Are r-process sites other than BNSs important?

> What about collapsars? NSBH mergers?
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the mass distribution for
merging neutron stars
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strongly peaked, unlike
the one for Galactic
double neutron stars
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How compact are neutron stars?

LVC PRL 2018

Mass ejection depends on
2000 Less Compact @}
\ x the NS compactness Gm/c°R,
]  ameasure of self-gravity

15004 More Compact

A
< 1000{_ ‘ ‘
\ O
GW measurements of tidal
deformability N\, a proxy for
the radius, indicate that NSs
0 250 500 A 750 1000 1250 are relatively compact ;

500 ¥4



https://arxiv.org/abs/1805.11581

0.008

. - 0.007
Ejecta mass _ .
. empirical ejecta fit with NS 0.006 ‘&
varies acCross mass distribution + compactness I
' uncertainties 0.005 *E
BNS mergers i
g o.oo4§
0.003 g
GW170817 is E
. 0.002 -2
not necessarily g
. 0.001
representative
: 0.000
Chen+PL+Read+Siegel 10 12 14 16 18 20 22 24

arXiv:2462.063696

m


https://arxiv.org/abs/2402.03696
https://arxiv.org/abs/2402.03696

Updated
BNS rate
and yield

BNS rate and
average ejecta
mass agree with
stellar, galactic
and geophysical
constraints
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Can BNSs match r-process observations?

Is the GW170817-inferred r-process rate-yield representative?

> How often do BNS mergers occur?
> Whatis the mass distribution of merging neutron stars? N O
> How compact are neutron stars? N

How does the BNS merger rate vary over cosmic history?
> Whatis the BNS delay time distribution?

Are r-process sites other than BNSs important?

> What about collapsars? NSBH mergers?
15



BNS merger delay times
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GW170817 confirmed that BNS
mergers can power sGRBs

SGRB afterglow host associations
favour delay times of 0(100 Myr)
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[Eu/Fe]

BNS mergers: r-process enrichment history
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Can BNSs match r-process observations?

Is the GW170817-inferred r-process rate-yield representative?

> How often do BNS mergers occur?
> Whatis the mass distribution of merging neutron stars? N O
> How compact are neutron stars? N

How does the BNS merger rate vary over cosmic history?

[/

> Whatis the BNS delay time distribution?

Are r-process sites other than BNSs important?

> What about collapsars? NSBH mergers?
19



Collapsars as r-process sites

Rare type of superluminous supernova
associated with IGRBs: core-collapse of a
rapidly rotating massive star forms a BH
with a neutron-rich accretion disk
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Two-channel scenario: BNSs *+ collapsars
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Two-channel scenario: BNSs *+ collapsars
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GW + sGRB + metal-poor star observations combine to
favour similar r-process contributions from both channels! 2
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Can BNSs match r-process observations?

Is the GW170817-inferred r-process rate-yield representative?

> How often do BNS mergers occur?
> Whatis the mass distribution of merging neutron stars? N O X
> How compact are neutron stars?

How does the BNS merger rate vary over cosmic history?

> Whatis the BNS delay time distribution?

Are r-process sites other than BNSs important?
> What about collapsars? NSBH mergers? YE S

23




Can BNSs match r-process observations?

Is the GW170817-inferred r-process rate-yield representative?

> No, but improved BNS rate, mass distribution and compactness
knowledge lead to better alignment with rate-yield observations N O
)\

How does the BNS merger rate vary over cosmic history?

> SGRBs favour delay times too long to explain metal-poor star n
r-process enrichment, but are they unbiased BNS merger tracers? e

Are r-process sites other than BNSs important?

> Astar-formation-history tracking channel, like collapsars, YE S

must account for 50-90% of the local r-process abundance 24




GW astronomy for nuclear astrophysics

Low-latency GW BNS merger
localization for simulations and KN
KN observations lightcurve modeling

BNS merger population
CITA (Toronto), UBC, ’ .
Perimeter Institute (Waterloo) ﬂ

North America’s C‘SM I C
NS structure and next-generatonGW EXPLO®RER

dense matter physics observatory project
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NSBH mergers as r-process sites
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do NSBH mergers contribute
significantly to r-process

nucleosynthesis?
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BNS mergers with short delay times
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what delay time
distribution is needed
to match metal- poor
star observations with
BNS mergers alone?
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BNS mergers with short delay times
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preferred delay times are too short for
standard (isolated) BNS formation
scenario... but maybe birth kicks are
the answer? Beniamini+Piran arXiv:2312.02269

standard theory of DNS formation
from Tauris+ ApJ 2017
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