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® Optical emission from GW sources
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Electromagnetic signature from NS mergers

® On-axis short GRB

Jet—ISM Shock (Afterglow)
St ro n g I y b e a m e d Optical (hours—days)

Radio (weeks—years)

(isotropic soft X-ray?) AR

® Off-axis radio afterglow

Kilonova .
Optical (t ~ 1 day) ™.

isotropic

* Merger Ejecta
/ Tidal Tail & Disk Wind

delayed by ~> 1 yr

—

® Radioactive emission
“kilonova” or “macronova”

isotropic
short delay Metzger & Berger 2012




Mass ejection r-process nucleosynthesis

M~ 103-102 Msun => solar abundance
v~0.1-0.2c

- solar r-abundance
— mass-averaged
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Hotokezaka+13, Rosswog+13, ... Wanajo+14, Just+15, ...



NS merger as a possible origin of r-process elements

Event rate Ejection per event
Rnsm ~ 103 Gpe3 yrt Mej(r-process) ~ 102 Msun
~ 30 GW events yr

(w/ Adv. detectors, < 200 Mpc)
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Constraints on the NS-NS merger rate

Expected event rates

O1: 2015-2016
02: 2016-2017
03: 2018

Dominik et al. pop syn -

de Mink & Belczynski pop syn -
Vangioni et al. r-process -

Jin et al. kilonova -

Petrillo et al. GRB -

Coward et al. GRB -

Siellez et al. GRB -

Fong et al. GRB -

Kim et al. pulsar -

aLIGO 2010 rate compendium =

01wt 102 100
BNS Rate (Gpc—2yr!)

arXiv:1607.07456



Heating by radioactive decay of r-process nuclei
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“kilonova/macronova”

Li & Paczynski 98, Metzger+10, ener:gy
Kasen+13, Barnes & Kasen 13, deposition
MT & Hotokezaka 13, MT+14,

Timescale

Luminosity Laep (fpoak)

M,
0.01Mg

1.3 x 10*0 erg s7* <

see Tanaka 2016, Advances in Astronomy

Faint (~ -14 mag), fast (~ week), and red (~ NIR)



Extremely red spectra
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s-block
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Dynamical ejecta Post-dynamical ejecta

Side vigg/v
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X [km] P
Sekiguchi+16 xfrootkm] Perego+14
Rosswog+99, Lee+07, Goriely+11, Fernandez+13,15, Perego+14, Kiuchi+14,15,
Hotokezaka+13, Bauswein+13, Radice+16... Martin+15, Just+15, Wu+16, Siegel & Metzger 17...
Mej ~ 103 - 102 Msun Mej >~ 103 Msun
(wide Ye) (high Ye)

Ve+N->p+e
n+et->ve+p



Ye =0.10-0.40
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“Blue” kilonova? Metzger+14, Kasen+15, Fernandez & Metzger 16, Metzger 16

New opacity calculations for
Se (Z=34), Ru (Z=44), Te (Z=52), Nd (Z=60), Er (Z=68)

==> K ~ 0.5 cm? g'! for Lanthanide-free ejecta (Ye ~ 0.3) MT+in prep



Optical (r-band)

M =0.01 Msun
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NS-NS (Ye = 0.10-0.40)
Wind (Ye = 0.25)

Wind (Ye = 0.30)

10 15
Days after the merger

Observed magnitude (200 Mpc)

MT+ Iin prep.




Possible brighter/bluer/faster emission (1/2)

Precursor emission by free neutron decay?

Solid = Neutron Heating, Doshed = No Neutron Heating
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13.0056 ms

Bauswein+13 Metzger+15, Metzger 17

Fast material can exist also by shock ~3 hr, 22 mag @ 200 Mpc
(Kyutoku+14) (absolute ~ -15 mag)



Possible brighter/bluer/faster emission (2/2)

Cocoon emission

—model A
—model B
—model C

Oops = 0.4

~3 hr, 22 mag @ 200 Mpc
(absolute ~ -15 mag)

Gottlieb+17



Optical (r-band) M = 0.01 Msun

R —
NS-NS (Ye = 0.10-0.40)
Wind (Ye = 0.25)

Wind (Ye = 0.30)

* Cocoon emission 22
¥ Free n decay
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Constraints from short GRBs (1/2)

GRB 130603B

June 13, 2013

NIR source

75,000 light-years
23 kiloparsecs 3”9

Tanvir+2013, Berger+2013

1 + 1(?) more cases
GRB 060614 & GRB 050709

Time since GRB 130603B (d)
10

= X-ray
* F606W
* F160W

AB magnitude

10°
Time since GRB 130603B (s)

Ejection of ~0.06 Msun
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Constraints from short GRBs (2/2)

vV GRB 150101B
Previous sGRBs*

Barnes & Kasen 2013 | -
Tanaka+ 2014 (NS-NS) 3

?Ca n be brighter ] Tanaka+ 2014 (NS-BH) ]
asen+ -

att<1 day
200 Mpc shallow.._ 77/
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Rest- frame Time after Burst (days)

Fong+16



® Optical emission from GW sources
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Timeline

2015 2016 2017 2018 2019 2020
————————————

LIGO 01 LIGO 02 LIGO O3
Virgo KAGRA
Localization  ~1000 deg? ~100-300 deg? ~30 deg’

Maximum
distance ~80 Mpc ~100 Mpc ~200 Mpc




Observed magnitude @ 100 Mpc M = 0.01 Msun

Absolute magnitude

NS-NS (Ye = 0.10-0.40)
Wind (Ye = 0.25)
Wind (Ye = 0.30) '
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GW-EM survey with Tomo-e

ToO: < 3 days after the merger
Cadence: ~2-4 hr <= 2-3 visits /night

No filter <= faint, colors are uncertain




2 x 2 dithering => ~60 deg? (15 min x4 ~ 1hr)

Taken from Morokuma-san’s slide



GW 150914
(~600 deg?2)

Gw [
v K radio
e optical/IR [
AbbotF+2016 . . R
including J-GEM collaboration 20h y-ray (all-sky)




Lessons from follow-up observations

24-31 days

Selection by
(1) short timescale
<= |lower mass
(2) faintness
<= |ower energy source
(3) red colors
<= higher opacity
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Follow-up for GW150914
Smartt+2016, Kasliwal+2016
Soares-Santos+2016, Morokuma+2016

Smoking gun: spectroscopy (smooth spectrum)
=> 3.8m + KOOLS-IFU



GW follow-up with Tomo-e

® GW-EM synergy
® Localization of GW sources
® Origin of r-process elements
® Optical emission from GW sources

® ~22 mag @ 200 Mpc <= theory and observations

® Possible bluer emission




