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Outline

How do we know Kilonova ejecta are dominated by
r-process species?

Constraints on kilonovae from GRBs + GW

GRB-discovered kilonovae - statistical properties and outliers
GW170817 and limits on BNS/NSBH from 03

The r-process during 04 with JWST
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Signatures of the r-process

Opacity (talks by Mattia Bulla, Ryan Foley, and
others)

Heating rate (talk by Matthew Mumpower - 234Cfl)

Spectral features (talk by John Ruan)
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Light curve properties of kilonovae: Arnett's law

Expanding fireball
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Light curve properties of kilonovae: Arnett's law
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Light curve properties of kilonovae: Arnett's law

Decline time gives opacity
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Evidence for the r-process: opacity

103

r-process opacities (5-10 cmz g-1)
Iron-like opacities (~1 cm2 g-1)

M“H“u | i lm

"Smoking gun” signature of
Kilonovae: they are red (except when
they're not), short-lived transients

Barnes & Kasen (2013)
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Light curve properties of kilonovae: Arnett's law

Kilonovae match very closely '
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Evidence for the r-process: opacity
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The kilonova needs to have 1) low ejecta mass, 2) near-relativistic, and
3) an extremely high opacity component
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Evidence for the r-process: spectral profile
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Evidence for the r-process: spectral proflle
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Comparing GW and GRB-targeted kilonovae
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Gamma-rays observer Vi QWing all9|e
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GRBs always viewed pole-on

Blue . . . .
Component Viewing angle is arbitrary for GW,
inclination effects favor ~30 deg
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+70

— Swope Horizon

| 30" Elevation BAT inital

Declination

BAT refined

_50° ™

Right Ascension Coulter+2017

Localization

GW require significant follow up for localization
even in the best cases (few x10 deg?)

Short GRBs are frequently localized 1
immediately, enabling deep constraints on
kilonova emission

GRB060614A, Gehrels+2006
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Classification

GW provides key information about the mass of the merger that can be used to predict
the emergence and luminosity of a kilonova counterpart

Short GRBs require neutron star matter, but can theoretically be produced by BNS and
NSBH mergers (see Just+2015, Kyutoku+2015, Foucart+2018, Shibati+2019)

Masses In the Stellar Graveyard
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GRB-targeted kilonovae
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Kilonovae from GRBs: the "Infrared excess
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GRB 200522A: an extremely lumlnous kllonova
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GRB- targeted Kilonovae: populations

Significant population
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GRB-targeted kilonovae: populations
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GRB 211211A: a kilonova associated with a long GRB?
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GRB with duration 51s shows infrared excess consistent with kilonova in most likely
host galaxy (z=0.076)
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GRB 211211A: a kilonova associated with a long GRB?
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Association with a galaxy at z=0.076 - no clear background galaxy to high redshift
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GRB 211211A: a kilonova associated with a long GRB?
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GW-targeted kilonovae
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GW-targeted kilonovae: GW170817
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GW-targeted kilonovae: GW170817

Swope I-band

The kilonova to GW170817 discovered in i-band, but extremely blue
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GW- targeted kllonovae GW170817
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GW-targeted kilonovae: GW170817
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GW-targeted kilonovae: GW170817
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GW-targeted kilonovae: GW170817
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GW-targeted kilonovae: GW170817
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GW-targeted kilonovae: 03 BNS and NSBH mergers

GW190425 (BNS), GW200105 (NSBH), GW200115 (NSBH)
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Black Hole/Neutron Star Merger GW190814
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Black Hole/Neutron Star Merger GW190814
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Condition to produce a kilonova - requires a
low-mass black hole or stiff equation of state \,\ _

BH larger than ~6-10 Mo will produce no

ejecta even for the most massive, largest NS
Kyutoku+2015
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Gravity Collective/GWO4 JWST Program

The Evolution of Infrared Space Telescopes
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Significant triggered follow up with JWST is planned for kilonovae
discovered from GRBs and GW events during 04

C. Kilpatrick INT 20R-Ib "r-process & nuclear EoS after O3" 27 May 2022



1 6 == metal-poor stars
r-enhanced stars

Do BNS and NSBH 147 == Solar Xi,
mergers produce a range 124 © ml‘gt;ba”d
. B
of r-process yields? . pectra
= 1.0
-
8 Kilpatrick+17
9 0.8 - Kilpatric ‘
In what ways can we 0 6 Chornock+17
uniquely constrain the Tanaka+17
abundances of 04 04 o viri 17
kKilonovae with JWST? 0.2
0.0
-4.0 =3.5 =3.0 =2.5 =2.0 —1.5 —1.0 —0.5

109X 15 Ji+2019

C. Kilpatrick INT 20R-1b "r-process & nuclear EoS after O3" 27 May 2022



Gravity Collective/GWO4 JWST Program

Bolometric Corrections at Late Times are Uncertain
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decaying (t12 > 10 day) elements - but are we getting all of the flux?
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Late Time Decline Depends on Composition
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We can directly measure the abundances of specific elements using JWST
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Conclusions

Our constraints on the r-process are dominated by bulk indicators of r-
process material, especially opacity, but much more information could
be obtained using the full range of spectral data we have

GRB and GW kilonovae can provide complementary information - GRB
samples larger, poorer sampling, at one viewing angle, larger
distances and GW samples smaller, more detailed data, at a range of
viewing angles, smaller distances

New infrared facilities, especially JWST, will revolutionize discovery
and follow up of both GRB and GW-discovered kilonovae
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