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BH in Milky Way!



HST monitoring





GW detection

Merging of twin 
massive blackholes. 

How did blackholes with 
 > 30 Msun  
formed ?



The	origin	of	
super-massive	blackholes



Volonteri 2012

stellar remnant

direct collapse

stellar collisions



Blackhole	growth	and	the	Eddington	rate

The Eddington luminosity 

The radiative efficiency 

Salpeter time:  M/M ~ 4 x 107 years　　
　 　  f                    for ε = 0.1. 

L = ε M c2



Kick-star,ng	from	a	massive	seed	is	the	key
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Baryon	Acous,c	Oscilla,ons



Supersonic	gas	streams

Tseliakhovich & Hirata 2011;  
Visbal+ 12; Fialkov+ 12

Relative motions between  
gas and dark matter
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Supersonic	gas	streams	
drive	BH	forma,on

Hirano,	Hosokawa,	NY,	Kuiper,	2017,	Science

A	high-density	region	with	3-σ	streaming	velocity	(90	km/s	@	z=1089)

z=31
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M	>	Mjeans	:		
gravita,onally	unstable
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IntermiZent	UV	feedback
Pluto	+	3D	radia,ve	transfer	simula,on	(EUV,	FUV)



Rapid	cloud	collapse	and	Macc	
SV-driven	gas	collapse:	
even	faster	than	the	typical	UV	direct	collapse	case

Hirano,	Hosokawa,	NY,	Kuiper,	2017,	Science
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Core	evolu,on	of	accre,ng	stars
Umeda,	Hosokawa,	Omukai,	NY	2016,	ApJL
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Blackhole growth
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James	Webb	Space	Telescope	(2019-)



GW detection

Merging of twin 
massive blackholes. 

How did blackholes with 
 > 30 Msun  
formed ?



Massive	stars	are	very	rare



LIGO	collabora,on	arxiv:1602.03846

LOW	METALLICITY



Giant	filament	forma,on

Rvirial
50pc

With	modest	streaming	velocity	

Hirano,	NY,	Sakurai,	Fujii,	arxiv:1711.07315



Filament	
fragmenta,on

8	Jeans-unstable		
clumps

distance	from	the	center

density	profile



Star	cluster	and	massive	binaries
	 	

Binary	1	
						•	 (M1,	M2)	=	(85,	138)	Msun	
	 •	 a=6.83e-5	pc	=	14.1	au	
	 •	 e=0.967	(very	large!)	

Binary	2:	
	 •	 (M1,	M2)=	(63,	71)	Msun	
	 •	 a=0.101	pc	(=	2.08e4	au)	
	 •	 e=0.973	

Simula,on	by		
N-body	code	

BRIDGE



Blackhole seeds: Rees diagram

Volonteri 2012, Science

via a super-massive star

Pop III remnant

Stellar collisions



Cosmological	ini,al	condi,ons

Mhalo	>	107	Msun,	Mcluster	~	105	Msun,		z	>10



Mass	segrega,on	and	runaway	collisions	
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		mass	growth



Sakurai+	2017



How	do	we	find	an	intermediate	mass	black	hole	?	
Tidal	disrup,on	of	a	white	dwarf

Simulation by K. Kawana: Relativistic fluid + nuclear reaction

A 1000 Msun
blackhole
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B.	Carr	et	al.	2016
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Origin	of	SMBHs	at	z	>	7	
				A	variety	of	pathways		
				Direct	observa,ons	by	JWST	?	

Massive	Popula:on	III	binaries	
				LIGO	GW	sources	?	

Intermediate	Mass	Blackholes	
				Observa,onal	signature	of	WD	TDE?	
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