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TFHO—HEITEZ 557
M | N | z=10 | z=20 | z=30

(M) (1.65ym) | (3.15ym) | (4.65u m)
500 1 38.4 39.3 39.9
500 | 100 33.4 34.3 34.9
500 | 10000 28.4 29.4 29.9
100 1 40.9 41.8 42.4
100 | 100 35.9 36.8 37.4
100 10000 30.9 31.8 32.4

Pop lll stars @) SED = Black Body with 7=10° K
Lb0| - 107'1 L@ for M - 500 M@ & Lb0| - 106'1 L@ for M - 100 M@
(Bahena & Klapp 2010, ApSS, 327, 219)



ULAS J1120+0641

Oo

2=17.085

(Mortlock+11, Nature, 474, 616)



Follow—up photometry of ULAS J1120+0641:
Fy = (01204107 W m™ um™; i

Frz = (0.6£0.2)x107"" W m™2 um™;

Fry = (8.1£0.4)x107"7 W m™ um™;

Fy = (6.0£0.4)x107"7 W m™2 um™";

\,Ly o

- —

A (W m=2 um™)

—
-

mrm
=
O
e
=
N

= —— C IV

Flux density,

1.4 1.6 1.8

Wavelength, A (um)



FWHM(MgII)=3800+200 km s-!

2=7.085 —=T=0.77 Gyr
<dM. /dt>~ 3 M /yr
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SMBH growth rate ‘

1. Nominal average growth rate
M. = 2%10° Mo
2=7.08> = T=0.77 Gyr
<dM. /dt>~3 My /yr

2. Lo -based growth rate
Lvo = dM/ dt c?
n : radiative efhiciency
dM/ dt :gas accretion rate
dM. /dt = (1-n)/n Lo ¢
Lbol = 2.6 X10% erg s°!
dM. /dt =40 M./ yr
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~ SMBH-Spheroid Relation

SFR([CII]) = 200 Mo/yr
dMspheroid /dt =200 M@/yr
dM. /dt = 40 Mo/yr

dM. / dMspheroia =072 2%
>> Mo / Mspheroia = 0.0014
in the local universe

(Barnett+15, AA, in press arXiv:1411.5351)

rapid growth at z > 7
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Environ
HST 1Y] composite

£ W
. . .‘Q, . %53 ':.‘ o

z~2

No excess of galaxies with > L*
(Simpson+14, MN, 442, 3454)



1. SMBH with M. = 2x109 Mo @ z ~ 7

SMBH growth time is shorter than 0.8 Gyr

2. rapid growth with dM. /dt = 40 Mo /yr

different coevolution in early phase ?

3. metal-enriched gas

.~ enhanced recent-past star formation
starburst-AGN connection ?

4. born in an ordinary environ
~ SMBHs do not always favor over density ?



Quasars at z > 6.5

1. ULAS J1120+641 @ z = 7.1
Mortlock+11, Nature, 474, 616

2. VIKING J2348-3054 @ z = 6.9
3. VIKING J0109:3040°@ = = 6.7
4. VIKING J0305-3150 @ z = 6.6
Venemans+13, Ap], 779, 24

| Quasar Name R.A. (J2000) Decl. (J2000) Z M 1450 AB

111120+0641 [ 1h20Mm(0 1548 +06°41'24"3 7.1 —-26.6 + 0.1
12348-3054 23h48M33834 —30°541070 6.9 ~25.72+0.14

0.0408

110109-3047 01h09™53513 —30°47'263 6.7 ~2552 +0.15
110305-3150 03"05™ 16392 —31°50'56"0 6.6 ~25.96 + 0.06

(De Rosa+14, Ap], 790, 145)

0.0669



Quasars at 2z > 6.9

J1120+0641, GNIRS
J1120+0641, composit
Mg II

o)

o2
s
Q

7
7))
Qf)
-
Q

-
|

-

—

| I
~<

T,

(De Rosa+14, Ap], 790, 145)



% Quasars at 2z > 6.9

J1120+0641 J2348-3054 J0109-3047
Mg (Mgu) (107 Mg ) 2.4%0% 2,170, 1.5+04
Mgu (C1v) (10° Mg ) 1.0979.92 s 0.77+:03

LBol/LEdd 0.48 0.18 024

Lo/ LEdd2011 0.52 0.19 0.26
Siiv/C1rv 0.35 £ 0.01 e 0.39+0.19 0.52 £ 0.02
Cur]/Crv 0.73 £ 0.01

o) +0.13 o) 3 +2.5
Fenn/Mg 11 2.10%5 65 2.8 .85 3.2207

EWcw (A) 26.3 4+ 0.3 . 206 ++4.7 27.0+0.8

2 H+0.7

(De Rosa+14, Ap], 790, 145)



Quasars at z > 6.5

t = 0.45 Gyr (1

(Shapiro 05, Ap]J, 620, 59)

Lb(,l/ LEdd == Q&Qg DY~
c=0.07

(radiative efficiency; Voronteri & Rees 05, ApJ, 633, 624)

Need terownm = 1.2 - 1.4 Gyr
to build up SMBH with 10° M.

in quasars at z > 6.5

(De Rosa+14, Ap], 790, 145)
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Quasars at z > 6.5

How massive could be seed BHs ?

seed accretion seed mass
formation time (M)

2=10 0.3 Gyr 3%107

z=15 0.5 Gyr 3x10°

Z =0 0.8 Gyr 3x10%

(De Rosa+14, Ap]J, 790, 145)
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Black Holes 1n the Universe

1. Stellar Black Hole
Me~>-15 Mo
in all galaxies

2. Intermediate-Mass Black Hole (IMBH)
M.~10%2 - 10*M, (Taniguchi+00, PAS], 52,533)
2=0-30 (?)

3. Supermassive Black Hole (SMBH)
M. > 10° Mo
2=0-7.1(?)
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" What are seeds @ 2~7-30?

- Baryonic version -
1. IMBHSs as remnants of either Pop III or VMS

(very massive stars) or both
Mo ~102 M@
: e.g., Madau & Rees 01, Ap], 551, L27
| Tanaka~& Haiman 09, ApJ, 696, 1798

|

l
' 2. Direct collapse of proto galaxies or

~ that driven by a merger between pristine HI clouds |

Mo ~104 k2 6M@
e.g., Begelman+06, MN, 370, 289
Volonteri+08, MN, 383, 1079

Mayer+09, Nature, 466, 1082
Bonoli+14, MN, 437, 1576
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What are seeds @ 2~ 7-307? |

- Dark matter version -

B e

!
3. Dark star powered by neutralino DM annihilation

in DM haloes with My, ~ 10°°Mo @ z ~ 10 - 50

(e.g., Spolyar+08, PhRvL, 100, 051101)

‘4. Formation from ultra-strongly self-interacting DM

| suppose a small fraction of DM ( /< 0.1)
is ultra-strongly self-interacting

if £=1.12x10°5, M. ~ 2x10° Mo @ z = 13
> explains ULAS J1120+0641 @ z = 7.1

(Pollack+1)5, arXiv:1501.0001)



Collapsing halo

Poplll star

Gas cooling -> disc formation

l Dynamical

instability

40 M5H<M <140 M Inflow
M >260 M
MBH formation
Star

Suppressed star formation

formation
Strong inflow Cluster formation
VMS/quasistar+ Runaway collisions
MBH formation VMS+MBH formation

(Volonteri 10, A&ARYv, 18, 279)
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Direct collapse driven by a merger
between pristine HI clouds

——

b — . e . er——

—

a b c
.
| .
10 pc 10 pc 10 pe
0.4 pc 0.4 pc 0.4 pc

7.49 x 104

1.036 x 10°

Years after merger

(Mayer+10, Nature, 466, 1082)

i —
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~ What drives mass growth
@z~7-302

1. Super Eddington accretion ?
e.g., Super-critical accretion via a slim disk
Madau+14, ApJ, 784, L38

2. Eddington accretion + successive mergers

Taniguchi 04, PTPS 155, 205

3. Runaway merger in a star cluster with gas inflow
Alexander & Natarajan 14, Sci, 345, 133

4. Successive mergers of hosts
Tanaka 14, arXiv:1405.3023

J. Accretion of radiatively-cooled gas
Park & Ricotti 12, Ap]J, 747, 9



Kyoto Model for Formation of SMBH
(Taniguchi 2004, PTPS, 155, 205)

OO
AT~ 0.6 Gyr (z:30 = 10)
Gas accretion-driven SMBH @
M,~10°M,, @ z~10

AT~ 1.7 Gyr (z:10=> 3) §$§

Major merger-driven SMBH

M,~10°M_ @ z~3-6

sun
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Figure 1: A schematic depiction of accretion by a low-mass BH in a dense gas-rich cluster
Dense cold gas (green) flows to the center (red cross) of a stellar cluster (light blue region) of
total mass M, N. M, + M, and radius K., which contains N, stars (vellow circles) of mass
M, each with velocity dispersion o, , and gas of mass M, . The gas 1s nearly pressure-supported
and close to the vinial temperature. A stellar BH (black circle) of mass M, < M, < M., which
1s accreting from its capture radius r, (dark blue circle), 1s mmtially in fluctuation-dissipation
equilibrium with the stars and 1s scattered by them (black dashed line) with velocity dispersion

e ~ \/ M, /M,o, over a distance scale A, ~ / M, /M, R. (red circle).

Alexander & Natarajan 14, Sci, 345, 133
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Coevolution or not ?
- Local Universe -

Coevolution

Kormendy & Richstone 95, ARAA, 33, 531
Magorrian+98, AJ, 115, 2285

Markoni & Hunt 035-Ap]J, 589, L21
Gultekin+09, Ap]J, 698, 198

Kormendy & Ho 13, ARAA, 51, 511 §38

No coevolution ?

Kormendy+11, Nature, 469, 374
Kormendy & Bender 11, Nature, 469, 377
Kormendy & Ho 13, ARAA, 51, 511 §38



Mo - MB,bulge Relation 1in 1995
Mo/ Mhyuige = 0.0022

M87
N3115 ®
®

®
N3377 N4594

N4258m o

M31

®
Galaxy

M32
o

(Kormendy & Richstone 93, ARAA, 33, 581)



- Stellar dynamics
Gas dynamics
«. Masers

| | Excluded

® Lliptical
SO

® Spinal

1
o(kms )

(Gultekin+09, Ap], 698, 198)




' Structure dependent relation

‘]CQ 1010 ‘O'H 1012
M, . /M

(Kormendy & Ho 13, ARAA, 51, 511)



~ Less massive galaxies
do not follow ?

T T T. | T T T I
o This' paper
Greene et al.

* Bentz et al.

o Gultekin et al.
« Kormendy et al.

* Sani et al.

174 galaxies with M. < 2X10° M, from SDSS DR4;
see for detail, Green & Ho 07, Ap]J, 670, 92

(Jiang+11, Ap], 737, L45)



Pseudo Bulge in disk galaxies

M101 PB/T = 0.027 + 0.008 ~ NGC 6946 PB/T = 0.024 £0.003

)*

P

IC342 PBIT = 0.030 + 0.001 _NGC 4845optical #2MASS JHK). PB/T = 0.073 £ 0.012

(Kormendy 13, arXiv:1311.2609)
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L-based vs. o-based M.
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~~
ge,
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©
L
l
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~
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~
Q
©
M

BCG Core
Core
Intermediate
Power Law
O BH Detected

Black Hole Mass (o0—based)

(Lauer+07, Ap]J, 662, 808)



.
- The case of NGC 1277 -

1011 .
E o ML
. e Sanietal (2011)
. = Greene et al (2010) NGC1277
» McConnell et al (2011)

10
10 ¢

NGC4486B

—
o
©
T

.

o

@
T Y

®
<
0
%)
Y]
S
Q@
o
=
x
O
<
o

M.~ 1.7x10'° M,
~ 0.59 Myulee

10° 10"
Bulge luminosity (L.

(van den Bosch+12, Nature, 491, 729)
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Coevolutlon or not ?
- Theoretical predictions -

Quasar feedback shuts off
both Bulge & BH growth

(Silk & Rees 98, AA, 331, L1)

Momentum conservation

l O7 Vw Jeas
Vw Jeas 4

Mpit < — (Fabian 99, MN, 308, L39)

BmGem, ¢ [
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Coevolution or not ?
- Theoretical predictions -
No help of Quasar feedback ?

1. Due to common merger history

on the evolution of/@h@\)}lge and SMBH

e.g., Peng 07, ApJ, 671, 1098
Jahnke & Maccio 11, Ap]J, 734, 92

2. Gravitational torque limited accretion of SMBHs
Mass accretion rate < Large-scale inflow rate

Angles-Alcazar+13, Ap], 770, 5
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Coevolution or not ?
- Cosmological -

Redshift independent coevolution

Jahnke+09, Ap]J, 706, L215

Lapi+14, Ap], 782, 69

Sheman+14, arXiv:1410.8514

Schulze & Wisotzki 14, MN, 438, 3422

Redshift dependent coevolution

Croton 06, MN, 369, 1803

Robertson+06, Ap], 641, 90
Lamastra+10, MN, 405, 29
Dubois+11, MN, 420, 2662



Coevolution or not ?
- Cosmological -

observed selection-effect corrected

1.0

@ Peng+06 A Schramm+13
@ Jahnke+09 @ Merloni+10

# McLure+06 Nesvadba+11
$ Bennert+10 A Targett+12

m Decarli+10 m Riechers+08
¢ Cisternas+11 ¢ Maiolino+07
m Schramm+08 @ Wang+10

®
=

o0
o
—_—
—
—_—
.
ofud
7
&
@

offset in logM

see FILLED symbols
(Schulze & Wisotzki 14, MN, 438, 3422)

(see also, § 8.6.7 & Fig. 38 in KH13 )
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First IMBH in DM halo

MDM hato ~10° Mo

Mbaryon o 1 05 MG)

Mo ~102 M@

Mo / Miyaryon ~ 0.001

~ local value

- A G~ —_—— i —
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Coevolution or not ?

1. Uncertainty in low-mass end
2. Large scatter (more than 1 dex)
3. Structure dependent relation

4. Presence of outliers

Not single mechanism ?
Not simple evolution ?

b —— i e e~ S . et . ————— ——— . Wi pmn < #nd @ e
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Coevolution or not ?

~ Not single mechanism ?
' Not simple evolution ?

Why do we see rough correlation ?

Starburst-AGN connection may explain ?



Implication
for co-evolution like properties

from starburst-AGN connection
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Starburst-AGN Connectlon ‘

Active SMBHs in metal-enriched gas
evenatz ~ 7/

Starburst st comes first,
then AGN comes later

Suggesting an evolutionary connection
from starburst to AGN

If so, the same driving mechanism works

for both starburst & AGN
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Evidence for
Starburst — AGN connection

AGN tend to show concurrent or
post starburst nature

1. Seyferts
Cid-Fernandes+01, Ap], 558, 81

2. Quasars

Kauffmann+03, MN, 311, 576
Wild+07, MN, 668, 543
Wild+10, MN, 405, 933
Matsuoka, Y.+14, ApJ, 780, 165



- Evolutionary connection
from starburst to AGN ?

; Starbursts:
more disturbed
early phase
Emission line classification
Seyferts:
5 lLittle disturbed
; late phase

0.1 1.0
Post-starburst age [Gyr]

(Schawinski+10, ApJ, 714, L108)
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Post-starburst Quasar

UN J1025-0040 @ z = 0.634

Observed Wavelength (A)

5000 6000 7000 8000

see also,

Cales+13, Ap]J, 762, 90

.38 PSB quasars

<z>~0.3
pe el L o major mergers
s i M. ~10% Mo
Mhost ~101%-> M
tsF ~ 5X10% - a few Gyr

ISB Model \."l

N
=t
F
L)
o
7))
7))
o7 )
e
<

©

o

—

S

<
=

o N

3000 3500 4000 4500 5000

Rest Wavelength (A)

(Brotherton+99, Ap]J, 520, L87)



Evolution of BH Growth

0.3 0.5 1.0 2.0

1

block hole growth
—m..0psue/dt*8.0e—4 [Fardal et al.]
— — - dpsue/dt*8.0e—4 [Hopkins & Beacom]

(Schankar+09, Ap], 690, 20)




Evolution of BH Growth

vy
O
Q.
=
5
®
>
~
oC
LL
N
&)
ke

— BH accretion rate density x 5000
» (model extrapolation)
Hopkins+04 (compilation)
®  Bouwens+12

3
Redshift (z

Kormendy & Ho 13, ARAA, 51, 511




BH growth slower than SF ?

Age of the Universe (billions of years)
10 54 3 2 1 0.6 0.4
I—!—Iw

d

> 0.06 L:_,

l
N

&
&

|
N

BH growth
by Shankar+09

L1 111]111[111[111
0/2\ 6 8 10
Redshift

http:/ /www.firstealaxies.org/the-latest-results
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http://www.firstgalaxies.org/the-latest-results
http://www.firstgalaxies.org/the-latest-results
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Two types of activity

in galaxies

AGN (Seyfert)
Fiestere ~ 10 % (Ho+97, Ap], 487, 568)
T~ 1 Gyr

Starburst

fstarburst ~ 3 % (Balzano 83, ApJ, 268, 602)
T ~ 0.5 Gyr

HII nuclei
fumn ~ 20 % (Ho+97, Ap], 487, 568)
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Seyfertization

Seyfert

Normal

(Taniguchi 1987, Ap], 317, L57)
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Nog > 10% stars
in a nuclear region

Starburst

A\
'S -




Working Hypothestis

Activity never occurs
in isolated-galaxies

Activity inevitably occurs
in mergers
between nucleated systems



= M32 =

- nucleated satellite
L - M31 will be Seyfertized
- ILMC(C =

non-nucleated satellite

- MW will NOT be
Seyfertized

— i a0 i i ——— - . ————
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If the partner is nucleated,
two SMBHs can inspiral
and then merge into one

~ 1 Gyr

journey

(Satoru Iguchi)

(see also Khan+12 Ap]J, 756, 30)

- s D Al S .0, I B s A el A B .G
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-Merger-Driven
Evolutionary Unified Model

Seyfert

<l1
- = Taniguchi 99

Starburst

z 0 MUV P I nieuchi & Wada|

96, ApJ, 469, 581

Normal
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- StarburstACN Connection
High-L version

major merger

between/among ——» ULIRG —> Quasar

gas-rich galaxies

1. Major merger between galaxies
Sanders+88, Ap]J, 325, 74
Hopkins+08, Ap]S, 175, 356

2. Multiple merger among galaxies

Taniguchi & Shioya 98, Ap]J, 501, 167
Borne+00, Ap], 529, L77

Bekki 01, Ap], 546, 189
Taniguchi+12, Ap], 753, 78



(d) Coalescence/(U)LIRG

RAS (! wsar Hosts

- now within one halo, gaklaxies interact & - galaxies coalesce: violent relaxation in core AH prow & briefs
_ . = BN grows rapiciy: bnetly - dust remeved: now a “waditiom” QSO
lose angular momentum - gas inflows to center. dominates hammncsityfeedback host hod difficule b
, ' Meedback . morohology to chserv
« SFR starts to increase starburst & buried (X.ray) AGN ' St MOrphosogy difficu to cbserve

‘ , - remaining dust/gas expelled vdal feawures fade rapidl
- stellar winds dominate feedback - starburst dominates luminosity/feedback. =78 al features fade rapidly

- rarely excite QSOs (only special orbis) bur, tocal scellar mass farmed is small get rcdc:r"cd (but not Type 1) QSO: » characteristucally blue/young spheroid
recent/ongoing 5F in host

y o " high Eddingron ratios )
(b" Small GFOUP merger signatures soll visible (g) Dccaer"‘A

']
ot
o
st

Y&

R [Ms

- hale aceretes savalar-mass
companion(s)
= AN OCCUr OVer & wite mass range
M. still similar to before:
dynamacal friction merges
the subhalos efficienty

-~
.
- -

« Q50 luminosity fades rapidly
tidy features viehle only with
Yery ceep oDservations
remnant reddens rapidly (E*AVK+A)

— - “hot halo” from feedback
- Sots Up quasi-static cocling

(h) "Dead” Elliptical

S .

o

-
‘ 10;__~__A\/‘/
;- -

4

-
L~

-
N

(a) Isolated Disk

logyel Leso / Lo |

n"lﬂl‘l"l'lnl

o o

-1 0 1
- halo & disk grow, most stars formed Time (Relative to Merger) ([Gyr]
- secular growrh buslds bars & pseudobulges
Seyfert” fueking (AGN with My>-23)

- cannot redden o the red sequence

- star formation terminated

- large BH/spheroid - efficient feedback

- hale grows to “large group™ scales
mergers become ineflicient

« growth by “dry” mergers

(Hopkins+08, Ap]JS, 175, 356)
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Starburst-AGN Connection
Low-L version

minor merger
S Nuclear

Wi = —> Seyfert
a nucleated satellite Starburst

1. Nuclear Starburst

Taniguchi & Wada 1996, Ap], 469, 581

2. Seyfertization

Taniguchi 99, Ap], 524, 65
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"~ Minor Merger Drives Nuclear Starburst

Minor merger with a nucleated satellite

SMBH binary makes

strong shocks,
driving nuclear starburst

(Taniguchi & Wada 1996, Ap]J, 469, 581)
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Nucleated MERGER-Drwen M ODEL
for Triggering AGNs

ONLY Major Merger Quasar
(Sanders+388, ApJ, 325, 74)

(see also Hopkins*08, ApJS, 175,356)
(see also Taniguchi+12, ApJ, 753, 78)

ONLY Minor Merger Seyfert
(Taniguchi 99, ApJ, 524, 65)
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~ Nucleated Merger-Driven

EVOLUTIONARY Unified Model
for Triggering Nuclear SB & AGNs

Minor Merger

.
| Starburst Seyfert
— ::‘ S -
Major Merger ULIRG Quasar

s@ — W —

(Taniguchi 13, ASPC, 477, 265)



Implication for
Quasi-coevolution ‘

galaxy galaxy SMBH

~N

== SMBH

merger s D

\' Nuclear /

Starburst

SMBH

4

fattening AGlN G fattening

(Taniguchi 13, EWASS2013)



AGN stops here

No star formation for a while

because

Circumnuclear gas swept up !



l

Intermaittent co-evolution

no evolution

ey SMBH;-

co-evolution

ening AGIN . fattening
bnlge — CO-€VO utlon smH

no evolution

T SMBH
: er

co-evolution

AGN i
e at lu tion et attemng
bulg Co-evo. SMBH

no evolution

- S G —— ——— "
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Intermittent model may explain
the observed Me.—Mhyuiee relation

Relation depends on

D
1. How many merger events :
2. How intense in each event ?
3. How long in each event ?

4. In which phase we observe ?



Merger-Driven Coevolution

originally proposed by Peng 07, ApJ, 671, 1098
see also, Hirschmann+10, MN, 407, 1016
Jahnke & Maccio 11, ApJ, 734, 92

O z=0 ellipticals
o z=0 clossical bulges
Initial 9 - & 2=0 pseudobulges
. o x z=0 low—mass ACNs
conditions (Jiang+2011b)

.
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104 10° 10 107 108 10° 107
totol (AA )

(]ahnke & Maccio 11, Ap]J, 734, 92)
(Kormendy & Ho 13, ARAA, 51, 511: Fig. 37)
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~ What drives mass growth
@z~7-302

1. Super Eddington accretion ?
e.g., Super-critical accretion via a slim disk
Madau+14, ApJ, 784, L38

2. Eddington accretion + successive mergers

Taniguchi 04, PTPS 155, 205

3. Runaway merger in a star cluster with gas inflow
Alexander & Natarajan 14, Sci, 345, 133

4. Successive mergers of hosts
Tanaka 14, arXiv:1405.3023

J. Accretion of radiatively-cooled gas
Park & Ricotti 12, Ap]J, 747, 9



Which environ SMBHs favor ?

Need more studies




Quasar Survey by HSC/SSP
¥y 9)
(Miyazaki+ on going !)
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-21 =22 =23 =24 =25 =26 =27 =28
Muso[mag]

Table 7: Quasar Samples
Wide (1400 deg?) ' Deep (27 deg?)
redshift 4.6-5.7 | 5.9-64 <1 3.7-4.6 | 4.6-5.7
mag. range i <24.0 | 2 <24.0 y < 23.4 i< 250 |i<25.0]i<25.0
number 6000 3500 280 50 2000 50




Down sizing in AGNs

® Jlog I‘x‘ 42—4‘5\
S 43—-44

(Ueda+14, ApJ, 786, 104)



A i e

SMBHSs with M. ~ 105'"M. @ z = 1.3
T'=4.8 Gyr

(o] Component A

L

M.=3.1x 106 M, """

Components B (+C)

Has{NII]

=1.2% 10’ M
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10 kpe

Flux (10" ergs” ecm® A™)

Component D

Ha+[NII)

(o M.=1.0x 107 M,

Hj

5000 5500 6000 6500
Restframe Wavelength [A]

(Schawinski+11, Ap], 743, L37)



When & how formed ?

M.~ 4 X% 10° M;in MW
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http://en.wikipedia.org/wiki/Sagittarius A*#mediaviewer/
~_File:G2Cloud _esoll3la.jpeg

s sl o e et . . Pl e . S il et SO e el e e . B el s e I e A W A


http://en.wikipedia.org/wiki/Sagittarius_A*#
http://en.wikipedia.org/wiki/Sagittarius_A*#

Need FULL Understanding
on Formation-of SMBHs
from z~ 30 (?) to 0




Probing AGNs in Early Universe
beyond z ~ 7

NASANMAD S+iance Toam



"The Era of IR Space Telescope

e | s
—

| l

Su rvey Area de

| Prlmary DE, Exoplanet

(from presentation by Iwata 12, WISH SW)
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WISH Survey for High-z Quasars

UDS
redshift Case | Case2 Case3 Case|l Case?2 Case3
0 0
|3

< 25.5 mag, 400 deg?

< 25.0 mag, 1000 deg? < 28.0 mag, 100 deg?
< 24.0 mag, 6300 deg?

(from presentation by Matsuoka 12 WISH SW)
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'~ WISH Survey for High-z Quasars

e
!
|

~100 z~7 QSOs and ~10 z~9 QSOs in UDS and

30 m 10¢ 10: 100,

UW

| Q4

10-*  10° 10! 102 10° UKIRT
area [sqdeg]

10° 101 102 103
area [sqdeg]

(from presentation by Kashikawa 12, WISH SW)



TFHO—HEITEZ 557

(M) (1.65ym) | (3.15ym) | (4.65u m)
500 1 38.4 39.3 39.9
500 | 100 33.4 34.3 34.9
500 | 10000 28.4 29.4 29.9
100 1 40.9 41.8 42.4
100 | 100 35.9 36.8 37.4
100 10000 30.9 31.8 32.4

£9. HALwv. -




JWST Ultra Deep Field

Ultra Deep Shallow Wide

Exposure AB S/N=3 Number of Exposure Time
Filter AB S/N=5 Time (hrs) flelds (hrs)

FO/70W 30.3 23.4 28.5 8.8
FOO0W 30.6 35.8 28.5 7.7
F115W 30.9 54.2 28.5 6.8

F150W 31.3 97.6 28.6 5.8
F200W 31.3 83.2 28.7 5.0
F270W 31.3 83.2 28.7 15.2
F336W 31.3 83.2 28.7 124
F444W 30.9 99.8 28.2 77.7

Total 294.2 223.4

http:/ /www.stsci.edu/jwst/doc-archive /white-papers/
first light study V.pdf



http://www.stsci.edu/jwst/doc-archive/white-papers/first_light_study_V.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/first_light_study_V.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/first_light_study_V.pdf
http://www.stsci.edu/jwst/doc-archive/white-papers/first_light_study_V.pdf
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Thanks to Lensing ?

ACS 114 @ z = 0.31

JD50086.75 | : l ' JD500889.5 [ | 1 JDS0747.9
' Possible SN Ia with Ryo2 = 26.3

Disappeared 21 moth later

Need JWST Frontier Field !

(Sullivan+00, MN, 319, 549)



" Evolution of BH Growth

—block hole growth
—m..0Ppsua/dt+8.0e-4 [Fardal et al.]
- — ~0Pgue/dt+8.0e~4 [Hopkins & Beocom]
model
prediction
now !
observation

(Schankar+09, Ap], 690, 20)



Final Remark

Why are any SMBHs resided in

AS o
the center of galaxies ?



 Open Issues
not discussed 1in KH13

1. Why rapid SMBH growth at high redshift ?

2. Why not many SMBH binaries ?

3. Why in the center of galaxies ?
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