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* EM counterparts: Why and what!

* GWI170817 from Y-rays to radio
* EM follow-up in Observing Run 3

* The importance of BNS merger host galaxies

Soares-Santos et al. 2017, Cowperthwaite et al. 2017, Nicholl et al. 2017, Chornock et
al. 2017, Margutti et al. 2017, Alexander et al. 2017, Blanchard et al. 2017, Fong et al.
2017, Villar et al. 2017, Cantiello et al. 2018, Margutti et al. 2018, Alexander et al. 2018,
Villar et al. 2018, Safarzadeh et al. 2019a,b,c, Hosseinzadeh et al. 2019



~ Electromagnetic Counterparts:Why &W

* Precise position

* Precise distance / z
e Host / context

e Behavior of matter

e Nature of remnant
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GWI70817: GW & Y-Rays -
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GWI70817: GW & Y-Rays+ "

Weak Y-ray emission
(~ 10> times lower than

typical short GRBs) is
difficult to uniquely
interpret in isolation
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GW!170817: UVOpticalilR Kilonova

A range of ejecta properties
with different r-process
nucleosynthetic yields, velocity,
ejecta mass, (geometry?)
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GW!170817: UV/OpticalliR Kilonova

A range of ejecta properties
with different r-process
nucleosynthetic yields, velocity,
ejecta mass, (geometry?)
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GW!170817: UV/OpicalliR Kilonova -

Nicholl, EB et al. 2017

Day 15 11e0.03m,, v=0.3c, X, =10
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Optical spectra featureless (high velocity)

Mej ~ 0.03 Mo / vej ~ 0.3c
Xian = 107> (I day) / ~1074 (2—4 days)



GW!170817: UV/OpticalliR Kilonova

Nicholl, EB et al. 2017

NIR spectra show distinct
features (lower velocity)

Mej ~ 0.04 Mo / vej ~ 0.1 ¢

Xian ~ 102 (5-10 days)
Chornock, EB et al. 2017
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GW!170817: UV/OpticalliR Kilonova

* Direct (spectroscopic) evidence for r-process nucleosynthesis

* M¢j X Rens accounts for Galactic r-process production rate

° Mej,lan-rich / Mej,lan-poor ~ Rmwa>140 / Rmw,A<i140
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* Direct (spectroscopic) evidence for r-process nucleosynthesis
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* Lanthanide-poor ejecta v = 0.3c = collision interface = NS-NS
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GW70817: UVIOpticalliR Kilonova -

* Direct (spectroscopic) evidence for r-process nucleosynthesis

* M¢j X Rens accounts for Galactic r-process production rate

° Mej,lan-rich / Mej,lan-poor ~ Rmwa>140 / Rmw,A<i140

* Lanthanide-poor ejecta v = 0.3c = collision interface = NS-NS

(breaks ambiguity from GWV data) Nicholl, EB et al. 2017

* Lanthanide-rich ejecta v = 0.lc = accretion disk wind

* High lanthanide fraction = short HMNS phase (<0.I sec)
= final state is BH (breaks ambiguity from GW data)
Chornock, EB et al. 2017



GW.170817: RadiolX-ray. OffAxis Jet

Radio, X-ray, and late optical emission from a single component:
synchrotron emission from an off-axis structured jet
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GW.170817: RadiolX-ray OffAxis Jet

Radio, X-ray, and late optical emission from a single component:
synchrotron emission from an off-axis structured jet
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03 Events: $190425z & S190426c =

S190425z: BNS at ~155 Mpc, 7460 deg? (FAR: | in 70,000 years)
S190426c: NS-BH/BNS at ~375 Mpc, |1 130 deg? (FAR: | in 1.7 years)
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03 Events: $190425z & S19Q4 26c

5190425z Compared to GW170817 5190425z Compared to Other Models
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03 Events: S190425z 8 S190426¢ -

5190425z Compared to GW170817 5190425z Compared to Other Models
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03 Events: $190425z & S190426c =
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GW170817:

Blanchard, EB et al. 2017
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GW170817: Host Galaxy

Blanchard, EB et al. 2017
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Host Galaxies: Delay Time Distribution

The SFH of galaxies correlates with stellar mass =
convolution with different DTDs leads to different
host galaxy stellar mass distributions
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Safarzadeh & EB 2019a




Host Galaxies: Delay Time Distribution

The SFH of galaxies correlates with stellar mass =
convolution with different DTDs leads to different

host galaxy stellar mass distributions

Safarzadeh, EB, et al. 2019c¢
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Host Galaxies: Delay Time -Distributid_n E.

The SFH of galaxies correlates with stellar mass =
convolution with different DTDs leads to different
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Redshifts: Delay Time Distribytien | g
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Detectionrate[year |

Redshifts: Delay Time Distribytien | ;
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The DTD is imprinted on the

redshift distribution for 3G
detectors, even with 0z/z=0.1z
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Host Galax:es fogets/

GW 170817 Optical Counterpart NGC 4993
| o HST/ACS

' 1 kpc

.
Credit: P. Blanchard / E. Berger / Harvard-Smithsonian Center for Astrophysics



' Host Galaxies: Offsets/Kicks

GW 170817 Optical Counterpart NGC 4993

| HST/ACS

Fong & EB 2015

Short GRBs

Credit: P. Blanchard / E. Berger / Harva'. Smi ian . Long G R Bs
Blanchard, EB et al. 2017
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Summary. .




Summary, - .

* EM counterparts are essential for a complete interpretation
of BNS/NS-BH mergers, and for access to fundamental
physics, nucleosynthesis, cosmology

* The optical band remains the most promising route to rapid
precise localizations

* Events like GW 170817 will provide the most detailed view
of mergers (but are likely to be rare)

* Host galaxies hold a key to the delay time distribution, kicks,
and hence formation channels of BNS and NS-BH systems



