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A young monstrous blackhole

Wu et al. Nature 2015

SDSS J0100+2802

12 billion solar-masses
0.9 Gyrs after the big bang

1048|»

Luminosity

1047}

—
-

(o]
s

L 46
~10%]
o

-~

10451 /‘ R

104

o o Blackhole

///// WVig)



Blackhole mass

Marziani+11



. BH ip Mi "
in Milky Way
R Y




S0-8
1995.5 o

HST monitoring

50-16 22

S0-53 ‘ °
® @
‘ 50-1

S0-7 ' .
S0-19

50-45 S0-49

< (= 07
50-20
.50-5 L

SO-17
SO-6
o S0-18 0.1"
Keck/UCLA Galactic . |

Center Group




< L
0.2"
@
°
*
o
(o]
N, .
e SR
. oo o, %o
o_._;... B
e

. __~Keck/UCLA
Galactic Center Group
rF %

® SO0-1
S0-2
® S04
S0-5
® S0-16
® S0-19
® S0-20

1995-2010




Strain (10?") Strain (10%")

Strain (102")

1.0
0.5
0.0
-0.5
-1.0

1.0
0.5
0.0
-0.5
-1.0

1.0

-1.0

| | |
_LlGO Hanford Data Predicted

| | |
| LIGO Livingston Data Predicted

%\W/\/\/\ vl

| | |

| | |

_LIGO Hanford Data (shifted)

—LIGO Livingston Data

| | |
0.30 0.35 0.40
Time (sec)

GW detection

Merging of twin
massive blackholes.

How did blackholes with
> 30 Msun
formed ?




The origin of
super-massive blackholes
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Blackhole growth and the Eddington rate

The Eddington luminosity
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The radiative efficiency

L=egM:c?
Salpeter time: MM ~ 4 x 107 years
for € =0.1.




Kick-starting from a massive seed is the key
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Baryon Acoustic Oscillations
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Su personic gas streams
Velocity Densrty
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Supersonic gas streams
drive BH formation

A high-density region with 3-0 streaming velocity (90 km/s @ z=1089)
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Intermittent UV feedback

Pluto + 3D radiative transfer simulation (EUV, FUV)
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Core evolution of accreting stars

Umeda Hosokawa Omuka| NY 2016 ApJL

l]l]]ll I T lIIlIll I 1 IIITII] T IIIII'II

% L |
00 L -
I I .
i I = o)
D mp 1 2
=5 0} I . >
L H | . )
© I 4 4 O
N = SR - O — P guse -
U o[ _— e 1
Q. ) 1" SRR , ]l Q
i | 00
CIEJ - L " Hydrogen GE)
+= B , exhausted +
I | 0 W
e | T Mgy
I 0.1 Mg yr '
Il:‘lllll 1 lllllll’ 1 1 lllllll 1 1 llllyl':l l\
1000 10% 10° 10°
mass density
Final Stellar Mass and Composition of the Inner Core
MM yr™h 0.1 0.3 1.0 10
Mg (M) 1.2 x 10° 1.9 x 10° 35 x 107 8.0 x 10°

Y (or X) 0.00 0.99 1.00 (0.51)




Blackhole growth
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James Webb Space Telescope (2019-)
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Massive stars are very rare
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Giant filament formation

With modest streaming velocity
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Star cluster and masswe bmarles

Time= 0.0000e+00 [ Myr ]
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Binary 1
(M1, M3) = (85, 138) Msun
e 3=6.83e-5pc=14.1au
e e=0.967 (very large!)

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

Simulation by
N-body code
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Blackhole seeds: Rees diagram
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Volonteri 2012, Science
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Cosmologlcal initial conditions
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Mass segregation and runaway collisions

Time=3.1308e+06
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How do we find an intermediate mass black hole ?
Tidal disruption of a white dwarf
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Primordial Black Holes as Dark Matter ?
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Summary

Origin of SMBHs at z > 7
A variety of pathways

Direct observations by JWST ?

Massive Population Il binaries
LIGO GW sources ?

Intermediate Mass Blackholes
Observational signature of WD TDE?



