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Promising target: Shock Breakout

® GALEX / SNLS04D2dc (ref 20) Shock cooling baseline (capability):
® Syift-UV / SN2008D (ref 19) ~50 (110) events/year+
|

early
UV/optical

Shock breakout:
A few events/year
Unexplored territory

Irwin & Chevalier 15
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ULTRASAT: near UV, FoV~200 deg2, ~22 mag (AB), cadence min ~ months
Dorado: 1000 deg2 every 3hr, ~20 mag (AB)
SIBEX: Wide-field X-ray + far UV follow-up.

LAPYUTA: 10 arcmin, 23 mag
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Abbott et al. Apd, 2017

Gravitational waves Near Infrared

— X-rays
2017 Aug 17.5 T=11h 36m
( T =% ) T =9 days

Chandra X-ray
LIGO-Virgo Spectrogram Observatory

Fermi/GBM . ,
100 events/s | Swope +10.9 h 2017 Aug 18.15
1000 events/s
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Gamma-rays Optical Ultraviolet Radio
T =1.7 seconds T=10h 52m T =15 hours T =16 days
Kilonova Afterglow

(radioactivity of r-process elements) |(shock between outflows and the ISM)
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Lesson from GW170817
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Fy [1077 erg s™' em=2 A~ ] + offset

e S51%. TtRE—2 ~1H, T~5000K, A<8000A
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Mpeak ~ 17 mag at 40 Mpc (GW170817)
-> 21 mag at 200 Mpc (04 2022~)
-> 22 mag at 330 Mpc (05 2025~7?)
4000 5500 7500 10500 14500 20000

Observed wavelength [A] > 25 mag at >1 Gpc (3 G 203?)
Watson et al 19
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<=+ Blackbody

total
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—-= M1

Watson et al 19
KH et al 21
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Table 2.2: Present (P) and future (') EM facilities that are able to observe faint/distant counterparts to GWs.
Detection Limit (DL, 1 hr exposure time) for UV, optical, and near-IR facilities are expressed in AB magnitudes,
for X-rays in 10~ '®ergs~! cm?, and for radio in uJy. Distance reach (D in Mpc) of facilities for GW170817-like
events are also shown.

Facility DL D Facility DL D
Gamma-rays Fermi P S/N 5 80 Keck/VLT 23 500

AMEGO F S/N 5 130 Gemini Obs. 23 500
Swift P SINS .20 Optical GMT F 25 1265

Chandra P 30 150 Spec. TMT F 255 1592
ATHENA F 3 480 E-ELT F 260 2005
Lynx F 6 450 Keck/VLT 215 48l
STROBE-X F 120 Infrared GMT F 235 762

Uv HST (im) P 26 2000 Spec. TMTF 24 960
HSTEspee) 2 23 400 E-ELT F 24,5 1208

Optical Subaru P 0 3200 VLA(S) P 3 91
Imaging [SST F 27 3200 ATCA (CX)P 42 51

IR WFIRST F 4800 ngVLAO(S) B 1 o 353
Imaging Euclid F 1700 SKA-mid (L) ¥ 0.72 634

The next global generation gravitational wave observatory science book
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Masses |n the Stellar Graveyard
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eROSITA: Xﬁ?}i;\ﬂ_ﬁﬁ, ~300(Doroshenko+ 14)« }}RTLBH (Kimura,
Kashiyama, KH 21)

\

TESS: BH+ E£ 3%, a few x 100 (Masuda & KH 19)

=

Gaia: Astrometric BH:EZ, 100 - 105 (e.g., Mashian & Loeb 17,
Yamaguchi+18, Yallnewich..KH,18)

Vera Rubin: Y17 0L > X BHs, ~105 (Natasha & Takada 20)
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Jayasinghe+21
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