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Introduction

Spectrum of GW170817
(Very) simplified picture of NSM ejecta

~ 3 days spectrum :
Early broad absorption features
due to heavy elements

Goal

Quantify the mass fraction of heavy
elements in NSMs to ultimately understand
nucleosynthesis of heavy elements

Infrared

Optical

10 days spectrum

Late broad emission features
due to heavy elements

First step: Spectral Investigation
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Early-Phase Spectral Investigation
Identification of Most Features

(Watson+19, Domoto+22, Sneppen+23, Rahmouni+25)
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Early-Phase Spectral Investigation

Identification of Most Features
(Watson+19, Domoto+22, Sneppen+23, Rahmouni+25)
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Late Phase Spectral Investigation

Identification of a single feature
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Late Phase Spectral Investigation
Identification of a single feature

Te Il

2 This work

Construct a spectral model to explain

late-time emission features of GW170817

— Provide further constraints on
nucleosynthesis

Hotokezaka+23



Spectral Model
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Spectral Model

In the optically thin limit, every collisional
excitation is followed by radiative decay

2
AE Collision T lRadiation
1

a heavy A\
element

Late-phase ejecta

Luminosity observed of one transition is therefore:
L=AEnA, & AEnNq

Radiative Collisional
decay rate excitation rate
ST T T T T T T T T T T T T T T T TS T T T T T s s T 1
' Rate coefficient: Atomic property
| -6
8.629 x 107°| Y, _,
| d1-2 = =Zlexp(— AE/KT)

We calculate expected luminosity of all transitions of all elements to find
candidates likely to exhibit strong emission features at late time




Spectral Model
Transitions Included

Heavy Elements

large mixing of energy levels
due to complex structure

Light Elements
No mixing of energy levels

low-density
plasma with
heavy elements

Energy

low-density evels

plasma with
light elemen

Energy
levels

Configuration 1

!

*_ v orbidden  Allowed
Forbidden  Allowed
e.g. H Il regions, SN AE jiowed > > AL pidden Kilonova ejecta AL iowed ~ AEforpidden
Iate'phase ejeCta A"owed radiative decays suppressed Allowed and Forbidden decays
due to low collisional excitation rate are comparably strong

Both allowed and forbidden transitions should be
iIncluded In late-phase spectral models of kilonovae



Spectral Model

. « Example of doubly ionized state with solar abundance
Resulting Spectrum P J

* Doppler broadening of 0.07¢

Forbidden transitions only (previous works)

Forbidden + Allowed transitions (this work)



Comparison with GW170817

Best fit emission line model + GW170817 9.4 days spectrum

Te 1l
(Forbidden)

Ce lll
La Il (Allowed)

(Allowed)
Identification of two new

features by La lll and Ce Il
+ confirmation of Te Il line




Nucleosynthesis constraints
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Discussion

Why different abundance distributions are needed to explain different epochs?

*

h
/N :
View Solar
Angle ‘

Early phase:

Post-merger ejecta

Lower abundance of
heavy elements

Mass fraction

Dynamical ejecta,

Higher abundance
heavy elements

Ce
Most of the ejecta

ta
. - 5 -7 : | l | | '
Is optically thick % 3 40 5 60 70 80 9 100
Atomic number

Absorption features appear due to elements
In the polar post-merger ejecta

— Lower inferred mass fraction



Discussion

Why different abundance distributions are needed to explain different epochs?
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IS observed




Summary

* |dentification of three emission features at late phase: La Ill, Ce lll, and Te lli

 Late phase estimates provide better constraints to the overall synthesized
matter in the ejecta

* Nucleosynthesis of heavy elements in GW170817 is consistent with solar r-
process abundance



