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growth of black holes?
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Overview of supermassive black holes and AGN

F—
10 light days

see e.g., Ghez et al. (2008), Gillessen et al. (2009)



Correlation Between Black Hole Mass

and Bulge Mass
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“ Active galactic nuclel

accretion disk

black hole

O Luminosity:
L =¢&mc?
e~0.1

relativistic jet (€ - 0-907 for
(sometimes) fusion in stars)



L The Eddington limit

Gravity Radiation pressure

NN

The Eddington ratio
LEedq = 1038 erg s-! Mgy A =L/Lgug

Larger black holes can
grow more rapidly
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Accretion state changes with Eddington ratio
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Accretion state changes with Eddington ratio

UV/optical/infrared
®

!
i

SAITRIPEY

X-RAYS

O

=)

(q¥)

| G

C °
go Radio
c - e ol
RS
LL]

Done, Gierlinski & Kubota (2007)
see also Hopkins, Hickox et al. 2009

R]UETREIN

JoMOoy



ldenftifying black holes with surveys

Chandra Deep Field South
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Do AGN star formation in
galaxies?

OR

Do AGN prevent star formation in
galaxies?



Do AGN follow star formation in galaxies?

Mrk 231
.

Higher fraction of AGN among
more strongly star-forming systems

(e.g., Kim et al. 1998, Vellleux et al.
1999, Tran et al. 2001)

A common cold gas supply?



Do AGN prevent star formation in galaxies?

Hot atmosphere 5—11:00.0
heating by jets

-300 .120 ...,..080..,..040 . ., . 1253:000. ... .

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




Do AGN star formation?

OR

Do AGN prevent star formation?

YES



Cosmic evolution of star formation
L L L L L

I l
—
7" 0.10¢ } ........... ;
S T -
oF
=
T
9
>
®
=,
o
<
L
M
) —.—.._ BHAR (x1000)
o
=
p!
001F - SFR -
Olr, ]
i EPEPEEPI EPEPEE BRI B PR EPEPEr I

0.0 0.5 1.0 1.5 2.0 2.0 3.0
Z Merloni & Heinz (2012)



Cosmic evolution of star formation
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Black hole feedback

SDSS (z ~ 0.1)
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Observing the co-evolution of ® galaxies x
galaxies and black holes m X-ray AGN
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Hickox et al. (2009)

AGN populations
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Clustering of quasars

The 2dF Quasar Redshift Survey

4 *SDSS DR5Q (uni)
1000.000 | T 0.3<z< 2.2 7
- r,=5.45 h*Mpc, y=1.90
100.000 } . =875 h'Mbc. y=2.40]
Le. [ ]
~  10.000} .
S 1.000F .
=
0.100 7]
0.010 7]
0.0Q1 L . ..l |
2 10F 3
& os5F E
* 00f 3 [ S | :
1 10 100
r, / h™ Mpc

Ross et al. (2009) , see also Croom et al.
(2005), Myers et al. (2006), da Angela et
al. (2008), Hickox et al. (2009), many
others
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Clustering of submilimeter galaxies

870 um SMGs: SFR ~ 1000 Mo yr!

IRAC galaxies
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Gas-rich galaxy(s)

AGN follows

Starburst star formation

galaxy/
quasar
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AGN prevents
star formation

Red sequence
galaxy
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Use the far-IR to measure the SFR of an
AGN-hosting galaxy -- Herschel
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Rest wavelength [um]  Netzer et al. (2007)
Also: Mullaney et al. (2011)



“Typical” AGN: no connection to host star formatione

log vL, [60 um] (erg/s)
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Importance of AGN variability
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Real examples of long-term variability

Galactic Center
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Muno et al. (2007), Ponti et al. (2010)
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What does it mean for an AGN to be “on”¢

A fluorescent bulb at 1000 frames per second (http://www.youtube.com/watchev=5pNtjOYKADA)



http://www.youtube.com/watch?v=5pNtjOYkAbA
http://www.youtube.com/watch?v=5pNtjOYkAbA

Count/sec

BUT...

NOT observable as
“variability”

Wang et al. (2010)
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Variation over many orders of magnitude
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INGREDIENTS

1. Observed infrared luminosity function (Rodighiero et al. 2010)

2. Kennicutt (1998) relation between SFR to Lir

3. Average BH accretion rate = SFR / 3000
(motivated by Magorrian et al. 1998)

4. Instantaneous AGN luminosity follows a simple power-
law distribution with exponential cutoff

5. Lacn = 0.1 BHAR c?



average star formation rate —

log vL, [60 um] (erg/s)
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® 1.5<2<2.5

45
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Rosario et al. (2012)



average star formation rate —

H igh -z qluasars
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Hickox et al. (in preparation)



average star formation rate —

log(<L > [erg s'])
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average star formation rate —
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Connection to mergers
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Modeling the AGN luminosity function

D(L,y) [Mpc? dex']
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Do ALL star-forming galaxies host AGN?

(over galaxy timescales)




Do AGN star formation?

OR

Do AGN prevent star formation?

YES

depending on evolutionary
stage (and thus halo mass) and
mode of accretion



Where and when is AGN feedback important?
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HCG 62 (Gitti et al. 2010), see many others for similar examples



Powerful radiatively-driven feedback
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Perhaps AGN not always needed
for high-velocity outflows?e

T T T T T T T T T

stellar population fit 71| 41506+5402
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SFR surface density > 2000 Msun yr! pc!
Ovutiflow velocity > 1000 km/s

Diamond-Stanic et al. (2012)



Relative Flux

Ubiquitous outflows
in lower-luminosity
AGN
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Mullaney et al. 2013, MNRAS submitted

Black hole self-
regulation?



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?




What have we learned?

e Accretion state depends on Eddington ratio,
and different techniques select different AGN
populations

¢ In low-mass dark matter halos, rapid black
hole accretion appears to follow star
formation

¢ In high-mass dark matter halos, mechanical
feedback from low-level accretion appears
to prevent star formation



THE FUTURE: BETTER STATISTICS!

WISE

X-ray:

Chandra XVP (COSMOS; PI Civano, proposal for Bootes
for Cycle 15); also hard X-rays with NUSTAR

Infrared: WISE

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

Black hole evolution --> galaxy evolution



