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And now for something different...
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{10 hydrogen bombs per |
,|second for every grain
of sand on Earth!

A hydrogen bomb produces
024 erg of energy

There are 1022 grains of
sand on Earth



The big question:
How Is black hole growth connected to the
growth of galaxies and large-scale structures?




Why study AGN clusteringe

BLACK HOST
HOLE € GALAXY

N/

DARK MATTER HALO

Measure halo mass via clustering
Learn about cosmological evolution




e

 PORE ~"?"-A\ ‘
a4y e L
4 o 0




Galaxu

Observation e galaxies
m X-ray AGN

XBootes/AGES (S. Murray/C. Kochanek)



Clusteringtells ushow . = |
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This is amazing
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Some context: Galaxies and halos Mhnalo ~ 10" Mo
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The simplest AGN clustering measurements: Optical quasars

The 2dF Quasar Redshift Survey
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Optical qguasars reside in halos of ~constant mass with redshift
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Optical quasars re:

,,,,,,,, Optical guasars reside in halos of
- ~constant mass with luminosity
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Quasars and powerful starbursts occupy the same halos
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What about other AGN populations?
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What about other AGN populations?
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High-Eddington, radiative AGN — X-ray,
Infrared, optical/UV — are found in star-
forming halos

Low-Eddington, mechanical AGN — radio —
are found in massive, passive halos

Redshift



AGN are in general clustered consistently to
maiched host galaxies

Projected CF
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AGN clustering depends strongly on black
hole mass, not on Eddington ratio
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How to explain this¢ Importance of
stochasticity in the AGN population

“normal” galaxy
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Eddington ratio

“ AGN variability from simulation
(Novak et al. 2011)
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Must think of AGN in terms of probability
distributions



The AGN Eddington ratio distribution

How likely is an black hole to be active as a function of L/Ledd ¢

log(L/Lggq4)
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The AGN halo occupation distribution

How likely is a DM halo to host an AGN as a function of halo mass?
Are AGN primarily in central or satellite halos?
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The conditional luminosity function

What is the luminosity/Eddington ratio distribution as
a function of halo mass<¢
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New AGN clustering techniques: Redshift probability functions
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New AGN clustering techniques: Cross-correlation with CMB lensing

-20°

-25°|

Declination (J2000)

-40°|

Quasar
density

i RN N SRR T

0 (deg)

-30°|

35°|

Model (b=1)

Total
e Type 1

eType2 ]

-0.50 <6 <-0.27

>each et al. (2013); see
herwin et al. (2012)



Maybe things not quite so simple®e

O Main sample
Redshift subsample 1

Redshift subsample 2
v Redshift subsample 3
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Maybe things not quite so simple®e
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Maybe things are not quite so simple?

Clustering dependence on obscuration®?
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Luminous IR-selected obscured quasars appear to have on
average stronger clustering and thus higher halo masses
and longer lifetimes

3.5F A Hickox 11 E 13.4} ;

L5 gler;?eer?nwthis work) : : :

. u ] . i

3.0F (3 Lensing (?h(ls work) A = 13.2 : ;

: | 1 = 13.0F 0 T :

2.5F 1 - 3.0 ¢

- | & | = 128} -.

< 2.0 Optical 1 _Z [~ N ARRREELEELEELELE

i nggarsi \2_, 12.6¢ @ |

1.5 - - 1 © i :

- | © 124f | -.

1.05' %] ' 12.2:_1158 i :

OI5 -_n L o o 1 . 5 1 . 4+ 1 4+ 4+ 1 . 2 2 1 . 4 n- 12-0 : " lx/ PR NN [T TR TN NN SN T TN NN S S S R T S 1 :
06 08 10 1.2 14 16 1.8 06 08 1.0 1.2 14 16 1.8

Z Z

DiPompeo et al. (2015b)



A simple toy model for obscured AGN clustering
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A simple toy model for obscured AGN clustering

“Support for evolutionary models?
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The future:
Understand selection effects!
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Populate galaxy formation model
with AGN and model the SEDs!

Ph.D. thesis project for M. Jones



Why study AGN clusteringe

BLACK HOST
HOLE € GALAXY

N/

DARK MATTER HALO

Measure halo mass via clustering
Learn about cosmological evolution




The way tforward conditional
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The future: New large-scale AGN surveys
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ldeas to take away

1. AGN clustering provides a powerful probe of the cosmic
evolution of black holes

2. Growth of the most massive black holes as quasars occurs most
orominently in halos of ~10'2 solar masses, where star formation
IS most efficient

3. To first order, AGN activity appears to be stochastic and
clustering simply follows the scaling relations of the host galaxies,
however there are some interesting complications (for example
with obscuration)

4. New techniques and large surveys will dramatically increase
the power of AGN clustering studies — the future is bright!

L(SEY Alfred P. Sloan &

Thanks to boCCoamoan Bay Dartmouth




