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2 Ms Chandra data in GOODS GOODS Herschel+Spitzer
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(1) Identified hidden AGN missed in X-ray
surveys: z<| moderate-luminosity IR-identified
AGNs: they may dominate the unresolved
X-ray background at ~30 keV

(2) Identified a population of z~2 Compton-

thick quasars not detected in X-ray surveys:

~3=-10x less luminous than WISE z~2 AGNs but

~1,000x more common! Agnese Del Moro




Why we want to find all of the luminous AGNs in the
Universe: What Drives the Growth of Black Holes?

Build up of black-hole mass function BH-spheroid growth connection

—2IIII|IIII|IIII|IIII

Correlation Between Black Hole Mass
and Bulge Mass

One
billion
solar
masses

One
million
solar
masses

IIIIIIlIIIIlIIIIIIIll

Log Mgy dN/dMgy [Mpc~3]
&
Illllllllllllllllllllll
Black hole mass

p(BH) = 4.6(+1.9;—1.4) [10° Mo Mpc~3]

AR B RN AN N B AN R A R R Increasing

O T

-8 Mass of central bulge
7 8 9 10
Log MBH [Mo]
Ma|or-merger riven evolutionary scenarios: Alexander & Hickox (2012)

, 1-».-» -».

obscured  unobscured early-type
gglsor)l(%) SMG/ULIRG quasar s i)




Finding the AGN: a multi-scale,
multi-component, multi-wavelength challenge
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Black Hole . Problem: obscuration
changes the observed

/ﬂ ‘ 2y, AGN signatures

Accretion Disk

Problem: accretion
disk is spatially
unresolved

Huge difference in size scale

(from galaxy to black hole) Problem: host galaxy
can dilute/extinguish
AGN signatures




X-ray Surveys: Penetrating Probe of AGN activity
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Alexander et al. (2003);
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Phenomenal sensitivity of Chandra deep fields
to detect distant AGNs

Only sources with spectroscopic redshifts are plotted

Objects that dominate
cosmic BH growth
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See Brandt & Hasinger (2005) for a review



But even the deepest X-ray surveys are missing
many AGNs
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Predictions for the dominant population of the unresolved X-ray background:

Moderately luminous, very heavily obscured AGNs (N,>3x10%2 cm) at z<1 (e.g., Worsley et al. 2005;
Gilli et al. 2007; Treister et al. 2009)

For example, Daddi et al. (2007), Alexander et al. (2008), Fiore et al. (2008), Donley et al. (2010), Juneau et al. (2011), Luo et al. (2011)



Hints of a hidden AGN population at z~2 from Spitzer

Energy (rest—frame) [keV]
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See also, e.g., Donley et al. (2005, 2007), Alonso-Herrero et al. (2006), Fiore et al. (2008, 2009), Georgantopoulos et al. (2008), Luo et al. (2011)

(1.5-3 keV rest)

Stacked X-ray data (I Ms) of X-ray undetected IR

0.5-1keV

(3—6 keV rest)

(6—12 keV rest)

(12—-18 keV rest)

(18—24 keV rest)

Very hard signal => significant fraction of obscured AGNs at z~2



Deeper X-rays (4 Ms Chandra exposure) show these z~2
systems are a mix of AGNs and starbursts

X-ray spectral analyses results

~25% are very heavily
obscured AGNSs: reflection
dominated some (all?) are
Compton thick

e ~20% are luminous AGNs

* ~55% are starbursts or low-
luminosity AGNs
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See Comastri et al. (2011) and Fergulio et al. (2011) for individual distant Compton-thick AGN identifications



IR AGN selection might complete the AGN census
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New opportunities: revealing the AGN-heated dust

z=2 spectha! ener(gy)distribution Herschel key project in GOODS
i fields: 100+160um (250+350+500um)
| Spitzer Herschel JCMT/ALMA
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Herschel+Spitzer: IR SEDs (3-500um) to
identify AGN and star formation (Elbaz+ 11)

Deepest X-ray data (Alexander+ 03; Xue+ 11)
Deepest radio (Morrison+ 10)
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5 host galaxy templates (Mullaney et al. 2011)
. A=6-1000 um (MIR-FIR)
Host galaxy templates extended to:
. 3 um using average SB SED (Dale et al. 2001)
. radio band (fv = v-0.7), FIR/radio ratio ~2.2
(Helou et al. 1986)
Empirically defined AGN template (Mullaney et al. 2011)



100.000 ¢

Flux Density

Normalised F,

10.000 ¢
1.000 ¢
0.100

0.010f

0.001

AGN-Starburst SED fitting tool

EIHost gald 100.000f

A Chary & Elbaz 2001

5 host galaxy templates (Mullaney et al. 2011)

Nullaney et al. 2011

. A=6-1000 um (MIR-FIR)
Host galaxy templates extended to:
. 3 um using average SB SED (Dale et al. 2001)

. radio band (fv = v-0.7), FIR/radio ratio ~2.2
(Helou et al. 1986)
Empirically defined AGN template (Mullaney et al. 2011)
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Some example fits to demonstrate validity of our
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IRS spectroscopy is not fit: but SEDs agree with
IRS data (for ~20 systems with such data)

Radio data is not fit: but average far-IR/radio
relationship (of all systems - AGN+starbursts) in
good agreement with canonical relationship

(with a tail of radio-excess AGNSs)

Del Moro et al. (in prep)



SED fitting: efficient and effective method of
identifying heavily obscured AGNs
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AGN vs star formation contributions
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IR detected AGNs vs X-ray detected AGNs

80 IR AGN, 50 X-ray detected, 30 X-ray undetected (~40%)
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(1) z~2 Compton-thick quasars
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(2) z~1 IR AGNs: the unresolved X-ray background?
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Properties consistent with producing the
unresolved X-ray background at 30 keV:

z~1, intrinsic Ly~10%3 erg/s
And heavily obscured




LI
25044 z =0.483 CHI2=6.0 CLEVEL=1.000 p "~ 1. pure eftston

F'=1.8, N,=10% cm-2

0, 2
L ] CX0 J033222.55-274604.0

he A A A
Io’ =9k @ Faint heavily obscured BzKs

10?

Low X-ray luminosity BzKs

Resl Wovelength (um) t ' L
2 g 5 6 7 8 910 20

Rest—-frame Energy (keV)

(1) Identified hidden AGN missed in X-ray surveys: z<| moderate-luminosity
IR-identified AGNs; they may produce the unresolved X-ray background at 30 keV

NuSTAR may measure their contribution at >10 keV

(2) Identified a population of z~2 Compton-thick quasars not detected in X-ray
surveys: ~3-10x less luminous than WISE z~2 AGNs but ~1,000x more common!

How do they fit into the picture of BH and galaxy growth picture?




