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Multi-Messenger Era
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GW:s put a lower limit on #(spinning BHs)
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Blandford-Znajek Effect
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Luminosity Function
D i dp(my) [ in dp(malms) [a af (v) [an dé (n)

dM dm; dmeo dv i
' ' Agol & Kamionkowski 12
Xh(m17m2,’l})5 |:M(n7 mi,ma, ’U) — Mi| : Klg-fin Pr:rpr."(')n owski

BH mass: m: Salpeter, m,: Flat, 5My<m,<m <50Mg
Velocity: Maxwell distribution

+ GW recoil + ISM sound velocity {) 0 “

Density: 5 phases of ISM

Phase ni [em™3] mng[em™] B & cs [km s~

Molecular clouds 102 10° 2.8 1073 10 75 pc
Cold H; 10 102 3.8 0.04 10 150 pc
Warm H; 0.3 — — 035 10 0.5 kpc
Warm Hyy 0.15 - — 0.2 10 1 kpc

Hot Hyp 0.002 — - 04 150 3 kpc
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Luminosity Function
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Magnetic field strength, B (G)
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Total Power
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TeV Gamma- Ray Sky
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Discovery of Macronova
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Really R-Process?

Yes?

® Macronova with GRB 0606 |4? Yang* 15
~ Myeca~0.1Mg = BH-NS?

® Macronova with GRB 050709? Jin+ 16
— Mgeca™0.05Mg, Wind signature?

® Deep-sea plutonium ?**Pu (t,,,~81Myr) Hotokezaka+ 15
® r-process in an ultra-faint dwarf galaxy Ji+ 16
No?

® Required M
® r-process cosmic rays are unreasonably weak!?

Grossmann+ |4

ejecta IS €OO Iarge? Kyutoku & KI 16



Engine-Powered Macronova?

Kisaka, K| & Takami 14 Yu+ |3
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Kisaka, KI & Nakamura |5 Woang & Dai |3

z ; Kisaka, KI & Nakar 15 Metzger & Piro 14

Engine model
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X-ray Powered"
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Long-Lasting BH Jet

[I] Inspiral (6W)

(~

[V] Extended emission (X-ray)

Binary NSs Fallback
J BZ jet with B~10!36
[II] Merger & Ringdown (GW) [VI] Extended emission decay (X-ray)
L3 2
HMNS
00 B-amplification Fallback
B-reconnection
'3 N

[III] Prompt emission (y-ray) [VII] Plateau emission (X-ray)

Jet
‘ Matter ejection
B-expansion
HMNS - BH+Torus Fallback
| BZ jet with B~1016 BZ jet with Byc~10126
[
Ejecta

[IV] Prompt emission decay (y-ray) [VIII] Plateau emission decay (X-ray)

% Jet quench

Torus accretion
B-reconnection
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Dlvers1ty of GRB
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Levan+ 14
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White Dwarft TDE
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Bright SN 2011kl

Time after burst trigger (days)
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SN does not Exclude TDE

Ultra-long
GRB

Half bound
Half unbound

Super-Eddington
= Disk outflow, vy
= E into Ejecta

= SN-like bump
upernova-like

bump

Disruption
Event

Kl, Hotokezaka & Piran 16



SN-like Light Curve

—

(@)
N
N

—

o
N
w

Bolometric luminosity [erg 8'1]

—

o
N
N

| L'bo| (Greiner+15) —e—
Ly, using unbroken afterglow  ©

— EXxplosion
E=1.4x10° erg, t=1x10" 5, M=3 M,,, v=2x10° cm s, k=0.2

— Magnetar H=(E/t.)/(1 +t/te)2

E=1.4x10 erg, t,=1.1x10% s, M=2.2 M, v=2x10° cm s, k=0.04

Tidal Disruption Event H=(2E/3t,)/(1+t/t,)%° -

IE=2.4><1o5° erg, t|e=2><1o5 s, M=1 M, v=2x10° cm ?'1, K=0.2

10 20 30 40 50

Rest-frame time after explosion [days]

v GMyy (M./2)

2amin
~4x10erg
L~L,, ~10%ergs™
x( MBH )
5
10°M,
| GM ,,
min zamln

~2x10°cm s™

Kl, Hotokezaka & Piran 16



ito IOKA (YITP

Direct Collapse BHs can
pos‘er “Launch GRBs?
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GRB Jets can Break Out

Supermasswe Stars
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pltra-Luminous
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