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Roadmap

e Kilonova 101
e background
e carly models
* Progress and uncertainties
* r-process opacities (color)
* thermalization (luminosity)
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£V counterparts: Kilonovae
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I-Process origins

Compact Object Mergers Core Collapse SNe
( v-driven winds)
e naturally produce * r-process abundance
Ow-entropy, neutron In old stars
ich conditions e skimpy r-process, but
e rare (7), but prolific common
* time delay * high-entropy, low

dynamical time
hinders production of
seed nuclel



Lattimer and Schramm 1974, 1976
Li & Paczynski 1998, Kulkarni 2005

Metzger et al. 2010, Roberts et al. 2011
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Ihe r-process: challenges
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Endgame: determine ejected mass, composition from data

Obstacles: unusual nucleosynthesis with limited
experimental measurements
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Expansmn opamty
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Sobolev optical depth:
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Expansion opacity (e.g Karp 1977, Eastman & Pinto 1993)

Assumes line profiles widths are small and that strong
lines do not overlap in wavelength space
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Kilonovae: opamty

bound bound opamty (Imes) IS a funchon of atumlc structure
more valence e-—— more lines — higher K
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composition — shine blue or glow red?”
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opamty mu\h—component I|ght curves

r-Process ylelds are not guaranteed!
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opamty mum component hght curves
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Kilonovae: interactions

wind + dynamical ejecta
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Thermalization In kilonova

radioactive decay
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Thermalization In kilonova

transfer to the re-radiated as

radioactive decay C
thermal pool thermal emission
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Challenges:

1. Exotic composition with unknown cross-sections

2. Multiple decay chains generating S, «, v- and x-

rays, and fission fragments, each at distinct, often
unknown, rates and energies

3. Uncertainties in ejecta parameters




Thermalization: methods

nuclear reaction networks to
determine r-process yields
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Thermalization: effect on light curves

= _ - e =S SN

e |lower luminosity (especially for less massive ejecta)
e allows more better estimate of mass from observations
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Footnote: the role of a-decay

e e ___

Not all decay modes thermalize equally: thermalization is
more efficient for compositions where a-decay and fission
are important

fission fragmer{ts — ,B-pai‘ticles

— w-particles

—— y-rays




Footnote: the role of a-decay

P i = —_—— =

— FRDM
q0%] —  DZ31
Tm |
N :
oY0)

)
E 1039
—~

0 5 10 15 20 25 30
Days

Luminosity (especially at late times) could indicate the

importance ofa—decay (or of fission!)



