GW170817: Optical/infrared Observations and Kilonovae
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GW170817: Optical/infrared Observations and Kilonovae
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Skymap from 3 detectors (LIGO x 2 + Virgo)
==> 30 deg2 (~40 Mpc)

LIGO Scientific Collaboration and Virgo Collaboration, 2017
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Electromagnetic counterpart of GW170817 @ 40 Mpc

J-GEM: Japanese collaboration for Gravitational-wave
Electro-Magnetic follow-up (PI: Michitoshi Yoshida)

2017.08.18-19 2017.08.24-25

Subaru/HSC z +IRSF/SIRIUS H, Ks

(Utsumi, MT et al. 2017, PASJ)



Survey with Subaru/HSC

HSC Pointing map for GW170817
2017-08-18 2017-08-19
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Tominaga, MT et al. 2018, PASJ in press, arXiv:1710.05865
DECam: Soares-Santos et al. 2017



Sources
1551
Positive detection negative positive
on Aug 18 and 19 461 1090

. . extended
Assocaled Stleet | "o ended | or no lose obiect

2017-08-19

center of off-center

Transient location : .
in PS1 catalog extendBezdzobJect transient

No No
ycation in 3D skymap information | |information
224 58

Inside
1

Probability to be
inside of 3D map

= 9.3x10->

(Faint end of luminosity function)

Remaining 59 objects

(58 center, 1 offset)
That of NGC4993

Tominaga, MT et al. 2018, = 0.64
PASJ in press, arXiv:1710.05865



X-ray and radio
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Electromagnetic signature from compact binary merger

(NS-NS or BH-NS)
® X-ray/gamma-ray

Jet—-ISM Shock (Afterglow)
Short GRB: strongly beamed

Ejecta—ISM Shock

~0.1-1s K _
e ///, -
® Radio Kilonova
/,/ Optical (t ~ 1 day)
- Delayed b | /e
De aye y yea rs S Tidal?l’l;fi;le;z Di]sic\f\/eilld
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- Emission from jet '

can come earlier

® Optical/NIR
Delayed by only ~ 1 week
Isotropic

Metzger & Berger 2012, ApJ 746, 48



Summary of multi-messenger observations

Abbott+17
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=> off-axis??

INTEGRAL/SPI-ACS
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What we learn from multi-messenger astronomy

® Hubble constant
® GW => luminosity distance, EM => redshift
® Ho=70*12g km s1 Mpc1

® Speed of GW

® Gamma-rays arrived 1.7 s after the merger
(after 130 M light year race =>4 x 1015 s)

® Physics of neutron star
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Mass ejection from NS merger

Top view Side view

[km] orbital (x-y) T= 0.014 [ms] meridian (x-z)
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- Shock heating v~0.1-0.2c¢c




r-process nucleosynthesis in NS merger

t:2.73e-04s / T:426GK / p:2.08e+12 g/cm’
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Radioactive energy => optical emission
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“Kilonova/Macronova"

Initial works: Li & Paczynski 98, Kulkarni 05, Metzger+10, Goriely+11, ...
High opacity: Kasen+13, Barnes & Kasen 13, MT & Hotokezaka 13, ...

Timescale bound-bound transitions
of heavy elements

LuminOSity Ldep (tpeak)

M.
0.01Mg

1.3 x 10%° erg s~ * (

*assuming 50%
thermalization




Light curves of kilonova MT & Hotokezaka 13, MT+14,

L ~ 1040-1041 erg s-1 S
t ~ weeks g
NIR > Optical g

2

10
Days after the merger

Model: MT+17a



open s shell
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GW170817: light curves

- Brightness
- Timescale
- SED

Absolute magnitude
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Model: MT+17b

Data: Utsumi, MT+17, Drout+17,
Pian+17, Arcavi+17, Evans+17,
Smartt+17, Diaz+17, Valenti+17,
Cowperthwaite+17, Tanvir+17,
Troja+17, Kasliwal+17

10
Days after GW170817

Clear signature of lanthanide production!!
Ejecta mass ~0.03 Msun



GW170817: Spectra

- Smooth spectra

Smoking gun!!

Spectra taken w/
VLT/X-shooter

Data: Pian+2017
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Model: MT+2017 Wavelength (A)




- Low Ye => stronger r-process
- Neutrino absorption increases Ye

Mass fraction
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Presence of “blue” kilonova

Cowperthwaite et al. 2017;

Drout et al. 2017; Nicholl et al. 2017;
Villar et al. 2017

=> wide range of r-process elements MT+2017

5000 10000 15000 20000 25000
Wavelength (A)
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r-process nucleosynthesis in core-collapse supernovae

Wanajo+11, Wanajo 14

Difficult to produce r-process elements in
normal (neutrino-driven) core-collapse supernova
* r-process in peculiar SNe is NOT excluded (e.g., magnetic field)



rigin of r-process elements
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Many open questions

® Origin of ejecta?
® Origin of “blue” and “red” component?
® Blue component with high velocities?
® Abundance pattern? Similar to solar abundances??

® 3rd peak?? (Au and Pt!)




“Universality” of r-process abundances
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Energy levels of Nd Il
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Summary
® GW170817 and kilonova

® Red and blue components
=>Ye ~ 0.25 or X(Lan) ~ 10-3-10-2 if single component

® ~0.03 Msun ejection with Lanthanide
=> Enough to explain the origin of r-process elements

® Open questions
® Mechanism of high mass ejection




