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How did the first Black Holes
form, grow and evolve?

Massive
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What do we know about early
SMBHs?

Massive
black

hole Dominance . .

Symbiosis

Adjustment

' Early universe

Volonteri 2012




The challenge of the first quasars

1048 B

1044

N~50-60 QSO at z>6 from optical and NIR surveys (SDSS, CFHQS, UKIDSS)
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LARGEST MASS

SDSS J010013.02+280225.8
z=6.30

Lo ~10% erg/s

BH mass ~ 101°M_ .

Wu et al. 2015
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REDSHIFT record
ULAS J1120+0641
z=7.07

Lo ~10% erg/s

BH mass ~ 10° M,
Mortlock et al. 2011




The challenge of the first quasars:
BH Formation

Constraints on BH formation scenario:
1. Un-interrupted Eddington limited accretion from z=20 to z=6-7

2. Low radiative efficency

3. BH seeds: Poplll stars or core collapse clouds
(Volonteri 2010; Loeb & Rasio 1994; Begelman et al. 2006; Regan & Haehnelt 2009; many others)

LARGEST MASS

SDSS J010013.02+280225.8
z=6.30

L..~10*erg/s

BH mass ~ 10°°M___

Wu et al. 2015

HIGHER REDSHIFT
ULAS J1120+0641
z=7.07
L..=5x10%erg/s

BH mass ~ 10°M. ..
- Mortlock et al. 2011

10 10 107 10'° 10

Mpy (M) Wu et al. 2015



The challenge of the first quasars
Host Galaxy Connection

BH to galaxy mass ratio is off the
extrapolation from the local relation:

BH is growing first and the galaxy
assembly later (DOMINANCE
SCENARIO)

Intense SF episodes (1000 M, /yr) or
super solar metallicities can lead to a
relatively fast growth of the host (vor

+2012; Wang+2013; Calura+2014; Leipski+2014)

Supercritical accretion model (Volonteri

+2015)
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The tip of the iceberg

High-z quasars samples are dominated by optical/IR selected sources:
* Only High Luminosity (=very massive)

* Unobscured

* Selected with color-color techniques (drop-outs)

What are we missing?

Obscured and Low-luminosity



The tip of the iceberg

High-z quasars samples are dominated by optical/IR selected sources:
* Only High Luminosity (=very massive)

* Unobscured

* Selected with color-color techniques (drop-outs)

What are we missing?

Obscured and Low-luminosity
- Need X-rays to get the dominant (80-90%), obscured BH population
— Obscured fraction is constant (or even increase) with redshift (e.g.
Hasinger 2008) therefore we are missing a large population of
obscured sources
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Marchesi, Civano+2015 submitted
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Importance of X-ray selection

Number of AGN/QSO selected using different wavelenghts
(low-z compilation in the COSMOS field)

Courtesy of M. Brusa

W X-ray =>» Largest contribution

R = Contamination from SFR
: galaxies could be a problem
Radio

Optical = >Optical diagnostic have z-
limitations (missing low-L
Common sources)
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3 e X-ray AGN
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log ®(My4s0) [Mpc™ mag™]

X-ray versus Optical:
faint end and controversial results

Giallongo et al. 2015: 6 X-ray detected z>5 AGN in CDFS (4Ms)
Weigel et al. 2015: NO X-ray detected z>5 AGN in CDFS (4Ms)

3 Aird+15
RET Georgakakis+15

E o Marchesi in pre

Ueda+ 14

Richard+06 — SDSS-DR3
Glikman+11 — DLS+NDWFS
Giallongo+15 — CANDELS
AMasters+12 — COSMOS

© Marchesi in pre
Richard+06 -

DSS-DR3
Giallongo+15 — CANDELS
AMcGreer+13 — STRIPE82

1 1 1

Ueda+14
Aird+15
N o Georgakakis+15

1

o 4+ OMarchesi in prep K ;
{f?‘-.,‘ Giallongo+15 — CANDELS} NG 3
&, - £ AJiong+09 — SDSSDEEP e 3

Q. Kashikawa+15 — SUBARU S

% N

Ueda+14
¥ Aird+15 3
Georgakakis+15

1 1 1 1 1

-16 -18 -20 -22 -24 -26 -28
Mi4s0 [mog]

-16 -18 -20 -22 -24 -26 -28 -16 -18 -20 -22 -24 -26 -28

M50 [mog]

Mi4s0 [m°9]

Ricci, Marchesi, Civano+ ApJ in prep.



The problem of obscured AGN

* Spectra like normal Lyman Break Galaxies at z=2
* NOT EASY TO RECOGNIZE USING COLOR-COLOR SELECTION!
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The role of X-ray Surveyor

* Providing large samples at low-L (small mass)
e Detecting the missing obscured sources

e Positional accuracy to AAA identify the X-ray
sources

L arge fov & high speed
| arge Effective Area
High Spatial Resolution

b
. 4

2 2 2




Spatial Resolution is critical for Ids

XMM-COSMOS versus Chandra COSMOS Legacy (Brusa+2010
Civano+ 2012)

JWST galaxy density at the limit: ~2x10° gal/deg2 = 0.15 gal/arcsec? (Windhorst et
al 2006)
— 4 galaxies in a 5” beam; <1 galaxy in X-ray Surveyor beam (Vikhlinin+2014)
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Future Surveys Sensitivity
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The First Black Holes
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Summary

BIG Q: Estimate of the volume density of faint AGN/QSO
at high z have important implications concerning the
abundance and mass of BH seeds and their early growth

Current view of z>6 active BH: optical/IR bright surveys

Biased towards bright and unobscured sources =»
Biased AGAINST less massive BHs

Missing a significant component detectable exclusively
in the X-ray band

Deep & Wide X-ray Surveys in conjunction with future
optical/IR surveys

Spatial resolution to pin-point the AAA counterpart
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