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Motivation

e What is the origin of heavy elements?

Abundances (Y(Si)= 10°)
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Neutron Star Merger Ejecta

Jet-ISM shock (afterglow)
Optical (hours—days)
Radio (weeks—years)

Ejecta-ISM shock
Radio (years)

Kilonova
[Optical (t ~ 1 day)

’ ’ Merger ejecta

/’ Tidal tail and disk wind
v~0.1-03¢c

Metzger, 2019

e cjecta masses: Mej ~ 1073 —1072 Mg



The R-Process

r-process

Number of neutrons N

e radioactive decay over timescales ~ d of an ensemble of nuclei

e decay energy heats plasma — thermal radiation



The Kilonova AT2017gfo
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e Watson et al., 2019: identification of Sr II



Nuclear Network and Atomic Structure Calculations

@ Detailed Composition — GSI network code
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@ Atomic Structure Calculations — FAC

e calculate atomic structure and transitions (4;, f7)

e problem: relativistic many-electron system
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e collaboration with Lisbon Atomic Theory Group



Sobolev Approximation
o full interaction within a single point
e optical depth: 7:= [ pkds
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Noebauer et al., 2019



TARDIS

@ Spectral Modeling: TARDIS

e 1D Monte-Carlo radiative
transfer code

e expanding medium with
Sobolev approximation

e advantage: computation
timescale of minutes

Gillanders et al., 2022



Summary

e aim: find spectral features of r-process elements
e main impact on spectra: bound-bound atomic transitions
e we need:

e compositions on timescales of interest

o detailed atomic data
e |D-MCRT simulations with TARDIS

— systematic parameter studies
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