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Supermassive black holes are common!
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see e.g., Ghez et al. (2008), Gillessen et al. (2009)



Correlation Between Black Hole Mass

and Bulge Mass
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How do we detect AGN?
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Accretion state changes with Eddington ratio
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Accretion state changes with Eddington ratio
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How does BH accretion evolve over cosmic time?




Comoving space density —
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Cosmic evolution of BH mass density
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Bolometric luminosity density
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Synthesizing the cosmic growth of BHSs

SMBH Growth Time
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Small black holes are still growing,

large ones shut off at z > 2



How is BH accretion connected to the
host galaxy and dark matiter halo?
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Cosmic evolution of star formation
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Cosmic evolution of star formation

40.100

40.010
ULIRGs (Lr > 10'2 Lsyn) -

IR luminosity density —

40.001

star formation rate density —

'Y 1 i 1 i 1 l ! 1 i I l L L

0.0 0.5 1.0 1.5 2.0
redshift —

Magnelli et al. (2009)



Properties of galaxies Mhnaio ~ 103 Mo
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The theoretical view .. -
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log,,(Halo mass [ M)
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Number density —
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In the models...
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log,,(Halo mass [ M)

14

13

12

11

10

Illllllll'lll

—
-—
—
—
—

e
—
~—
—
-~
—~—
—-—
-—
-~
"
~—

-~
—~
—~
~—
—
b B —
—
—
—
—~—
—
—
-~
-

—
-~

—
—
—_—
—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
— —
—
—

Redshift



Observing the co-evolution of ® galaxies x
galaxies and black holes m X-ray AGN
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Study the galaxies and dark
matter halos that host AGN

XBootes/AGES (S. Murray/C. Kochanek)
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Hickox et al. (2009)

AGN populations
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Redder —
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log(BH accretion density) —
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Clustering of quasars

The 2dF Quasar Redshift Survey
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Clustering of submilimeter galaxies

870 um SMGs: SFR ~ 1000 Mo yr!
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log,,(Halo mass [1' M)
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“Typical™ AGN: no connection to host star formatione
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“Typical™ AGN: no connection to host star formatione
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Importance of AGN variability

) 0
v, (km/s) A
30k —— ~ | T T 400 10‘2
k -l a 107 ‘
320 < 10
3k 10
240 10° |
300 107t “ illb
1160 2 4 B 8 10 12
30 1
n ] 480 207
w 107
8 -3 . -0 \: 10‘
N | 107
- =80 10¢
.30 10”7
-160 S,
-300 10°
-240 10"
107
3K | E = -320 %
K{, z 2 10
3 | Loy 1 1 - 107
30k 3 30 300 3k 400 10
x (pc) 107 A
5.34 5.36 5.38 5.40 5.42
t (Gyr)

Novak et al. (2011)



Simplest possible model for AGN variability
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log(Lgm [erg s™'1)
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Do ALL star-forming galaxies host AGN?

(over galaxy timescales)




Where and when is AGN feedback important?

Hot
atmosphere
heating by jets

-900 . 12Q . ... 080 . ., . . 040 . ., 12:53:000. . . . -

HCG 62 (Gitti et al. 2010), see many others for similar examples



Powerful radiatively-
driven AGN ouftflows
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Broad (> 1000 km/s)
high-velocity (200-500
km/s) [Olll] gas

see Nesvadba et al., Siemignowska et al.




Perhaps AGN not always needed
for high-velocity outflows?e

Apparent AB Magnitude + offset
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Relotive Flux

Ubiquitous outflows Black hole self-
at low z? regulation?
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Gas-rich galaxy(s)

Starburst

galaxy/
quasar
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Red sequence
galaxy

1

Radiative and mechanical
feedback can strongly affect
host

Black hole self-regulation?
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' e Most BH growth occurs at early epochs, with

.

.

s

What have we learned?

e Accretion state depends on Eddington ratio,
broadly analogous to XRBs

e Different techniques select different AGN
populations

massive BHs shutting off first

e BH accretion rates and star formation may be
closely linked in galaxies and trace the growth
of dark matter halos

e Mechanical energy input from jets is observed in
massive systems where star formation is shut off
e Radiative feedback may regulate BH growth



THE FUTURE: BETTER STATISTICS!
WISE , _ &

% *@r’u p——
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X-ray:

XMM/XXL survey
Possible Chandra XVPe
SIOMIPA

Infrared: WISE

Study distribution of accretion rates, and halo
occupation distribution from clustering

Black hole evolution --> galaxy evolution



