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The rapid neutron-capture process visualized
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Neutron star mergers are a confirmed r-process site
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GW170817 and its associated “kilonova”
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At least lanthanides (r-process elements) were made
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Merger event e NUCLEAr Physics
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Using observations to say
something about nuclear physics,
compact object mergers, etc.
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Metal-poor ([Fe/H]< —2) stars with r-process elements are
considered some of the first descendents of ancient events
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Abundance

Their patterns are strikingly similar
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Abundance

..or are they?
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logip (Abundance)

Price:& Rosswog (2006) °

Different elements can be created within the same NSM

=5 | wind-like dynamical-like




Elemental variations can be explained by differences in NSM ejecta
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Elemental variations can be explained by differences in NSM ejecta
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Ejecta masses depend on the neutron star
masses and radii (EOS)
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Can we find the EOS that bridges a theoretical neutron-star
population with observed stellar abundances?

Metal-poor
r-rich stars




Can we find the EOS that bridges a theoretical neutron-star

population with observed stellar abundances?

NSM population
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Neutron star mass-radius relationship derived from
r-process patterns of metal-poor stars
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EMH+ (2022); data from LIGO/Virgo and NICER teams

Neutron star mass-radius relationship derived from
r-process patterns of metal-poor stars
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At least lanthanides (r-process elements) were made
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Possibly a lower limit for the extent of
heavy-element production
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Possibly a lower limit for the extent of

8

heavy-element production
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Possibly a lower limit for the extent of
heavy-element production
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Possibly a lower limit for the extent of
heavy-element production
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EMH+ (2023a)

Can the superheavy elements be made naturally?
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EMH+ (2023a)

Can the superheavy elements be made n.a't‘ural,ly?.
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The observable r-process
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Heating Rate [erg/g/s]

EMH+ (2023b)

Do the superheavies leave a unique
signature like we saw with the actinides?
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EMH+ (2023b)

Do the superheavies leave a unique
signature like we saw with the actinides?
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EMH+ (2023b)
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EMH+ (2023b)

A superheavy-unique feature is present
at 7.5 hours post-merger!
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EMH+ (2023b)

A superheavy-unique feature is present
at 7.5 hours post-merger!
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Superheavy elements can leave an impression
if they are made

LB B LI B
— Z =all

- Z<104
- Z <90

1041 H .oveu, 104 |- —

1040 H 1040 ol

Bolometric Luminosity [erg s™*
Bolometric Luminosity [erg s™*

10%° | 10%° |}

{ Superheavies allowe | Superheavies inhibited

1 oy by by by b by 1] . A b b b b b by 1]

0.0 2 5.0 7.5 10.0 12,5 15.0 17.5 0.0 2.5 5.0 7148 10.0 12 15.0 17.5
Time [days| Time [days]| -

EMH+ (2023b)



The nuclear phy5|cs behlnd superheavy creatlon '
in the r—process
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Superheavy elements can leave an impression

if they are made
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In Summary

A comprehensive understanding of NSMs and heavy-element
production should explain r-process enrichments of.metal-poor
stars, which are themselves information-rich sources of data

We have an exciting opportunity to observe the in-situ
production of the heaviest elements, but beware of

degeneracies and uncertainties from nuclear physics

Light curves can tell us about the extent of heavy-element
production in mergers, providing information for both
astrophysics and nuclear physics

Using all our observations (stars, kilonovae, GWs)
together is essential
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