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Collapsing halo

PoplIIlI star

Gas cooling -> disc formation
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Black hole:
109-1070 M,

Broad Line * o

Region 74" Accretion disk:
« ~104-102 pc

Accretion (from variability)
Disk

Obscuring ‘ 3 Torus:

Torus

* 10°>-10" M,
» ~few parsec

(from IR spectrum)
« Geometry unknown
« Source of nuclear

obscuration
Urry & Padovani (1995)




Slack nole-Galaxy Connection

All (massive) galaxies have
black holes

Tight correlation of Mg, with o
Common BH/SFR Evolution
AGN feedback important
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Slack nole-Galaxy Connection

All (massive) galaxies have black
holes

Tight correlation of Mg, with o
Common BH/SFR Evolution
AGN feedback important
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Common Brl/Srar FormaTion EvoluTtion

| Both peak at z~2 and
NSSAN \\N decline at low z.
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Slack nole-Galaxy Connection

All (massive) galaxies have black
holes

Tight correlation of Mg, with o
Common BH/SFR Evolution
AGN feedback important
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cured AccreTtion

» Critical stage of BH-galaxy connection.

» Occurs when galaxies form most of their stars.

* Can represent up to 50% of matter accretion
onto the central black hole.

© Credit: Treister & Natarajan -

How do we know that?

Local AGN Unification

Explain Extragalactic X-ray “"Background”




Ooserved X-ray Background”
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T X-ray spectrum of
unobscured AGN much
softer than X-ray
background.
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Compton Thick AGN

*Defined as obscured
sources with N >1024 cm2.
* Very hard to find (even in
X-rays).

* Observed locally and
needed to explain the X-
ray background.

* Number density highly
uncertain.
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sackground

XRB well explained using
—_F;_’II‘IEAIO-IllAIZIHI S Cha;wdr:q B qa Combina.ﬁon Of

L +3- HEAO—1 A4 - obscured and unobscured
— 4= Obs Others FPTE =~ INTEGRAL

AGN.

-Setti & Woltjer 1989
‘Madau et al. 1994
Comastri et al. 1995
-Gilli et al. 1999,2001
‘Ueda et al. 2003
‘Treister & Urry 2005
-Gilli et al. 2007

*And others...

Only 0.1% of the XRB

comes from CT AGN in
the local Universe.

50

Energy (keV) XRB not useful to
Treister et al. 2009 constrain CT AGN at z>1
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CT AGN fraction ~7%

Significantly lower
than previous XRB
pop. synthesis models

Consistent with more

recent measurement
4.6% (Burlon+10)

Treister et al. 2009




ermediate Redsnifts (z~1-3)
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Mid-IR Selection

 This technique selects
mostly high luminosity
sources (quasars)

X-ray Undetected I
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[ \
‘AII Squrce

—a

=
=
=
3
<
o
=

Redshift

Fiore et al. 2008, Treister et al. 2009b



Soft (0.5-2 keV) Hard (2-8 keV)

- ~4¢g detection in each band
- f,+=2.1x10-7erg cm-2s-!. f, 4= 8x10-17erg cm-2s-!
- Sources can be detected individually in ~10 Msec

Treister et al. 2009b




N,=10%*cm-2T=1.9
I'=1.9 (reflected)
Thermal kT=0.7 keV
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Merger-Quasar Connection
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Treister et al. 2010a




J - a 2 .
Merger-CQuasar Connection
Obscured quasars are the product of the merger of two
massive gas-rich galaxies. After a time At the quasar
becomes unobscured

2
d “merger

At Ny (> M, (2)) fos(2)

NUnobsc (Z)

N
obsc (Z) - dde

Unobsc

I T T | T I
Unobsc Quasars

Major Merger Rate per galaxy
Galaxy Density

Rel. Evolution

Redshift Treister et al. 2010a
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Merging galaxies

-~ Obscured quasar .

| At=96+23 MYf'S . Unobscuredqua.sér
The obscured phase represents ~30% of total accretion onto
supermassive black holes

Quasars outflows can get rid of most of the surrounding
material

Treister et al. 2010a




Lower Luminosity Oobscured AG

CDF-S 4 Msec data
X-ray stacking of IR-selected galaxies
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Harder X-ray spectrum for more luminous sources
-> More AGN in these samples

Treister et al. 2010b




9

Rest-Trame Speciral Analysis
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Energy Range l 6-80 keV

Angular resolution l 40"

NuSTAR Field of View l 12'x12'
Effective Area
(square cm) Flux L|m|1- ~2x10'14 in 1 MSCC

Launch Date l February 2012

PT Fiona Harrison




Soft X-ray Spectrometer Hard X-ray Imaging
System (SXT + SXS) System (HXT + HXI)

Astro—
Suzaku
Chandra
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Flign Energy Observations

e NuSTAR and astro-H
- will directly detect a
large number of

heavily-obscured
AGN up to z~1-2
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Fligh Redsnitt (z>6)

Lyman Break Selection
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A-Ray Stacking

z~6
- ~bo detection in the soft (3.5-14 keV rest frame) band
- ~70 detection in the hard (14-56 keV) band
- Flux ratio ~9
- Need N,~1.6x10%*cm-2 to explain it
- Vast majority of sources heavily obscured (4n obscuration)
- No detection in any band at z~7 and z~8 (or combined)

Soft Band Hard Band

Treister et al. submitted
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nIFT
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Flydrogen Re-ionization

el T 1 T 1 O | 171 | T 1 |
| | | | | | | AGN cannot re-ionize
the Universe at z>6

This is because of
heavy obscuration. If
unobscured, enough
UV photons to re-
ionize the Universe
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Surrary

* Most BH accretion up to z~3 identified in X-rays, either
directly or via stacking.

« Vast majority of accretion, ~70%, is obscured. ~20% of
BH accretion is Compton Thick.

 Future X-ray missions (NuSTAR, Astro-H) will be critical
to study this population of CT AGN.

« Self-regulation appears to be important for BHs at all
redshifts. M-o relation at all redshifts?

« Stacked detection at z~6 in hard band implies very high
obscuration in most sources -> 4x obscuration.

* Due to their high obscuration, these sources do not
re-ionize the Universe.




