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an unbiased census of AGN in the Universe

* cosmic X-ray background
* unified models of AGN
* clues to galaxy formation/evolution

NuStar




Motivation: Cosmic X-Ray Background
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Motivation: Unified Models of AGN

Orientation Model
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Motivation: Unified Models of AGN

Dynamical Model

rather than orientation, posits
time as the central variable which
differentiates the broad zoology of
AGN classifications

Hopkins et al. 2006, ApJS, 163, |




Motivation: Black Hole - Bulge Relation

® black hole mass correlates
tightly with bulge velocity
dispersion

® implies intimate connection
between accretion-driven
and fusion-driven energy
production in the universe
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Motivation: AGN Feedback + “Downsizing”
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Big Questions:
® What and where are the obscured sources which are needed to
explain the X-ray background?
® What is causing their obscuration?

® How does this relate to galaxy formation & evolution?




The Most Distant Obscured Quasar

I'x Asteom yaca Jous

TGYULA SzokoLy,? Paoro Tozzi,” Junxian Wanea,! We Zuena,! ANprew Zinw, !
JacQuELINE BERGERON,® Rogirto Gl zz1” NorMan GROGIN,
AnTON KOoEKEMOER,Y AND ETHAN SCHREIERS
Revewed XX Febewary 21 ; acaeprad XX 2 Janwary 25

ABSTRACT

In the Chandra Deep Field-South | Ms exposure, we have found, at redsholt 20700 = G005, the most dis-
tant bype 2 active salactic nocleus ever detocied. It 12 the source with the hardest X-ray spectrum with redszhifi
z = 3, The optxal spectrum has no detected continuum emission to a 2 & detection himat ol ~3 < [0 ergs
s'em? A" and shows narrow lines of Lya, C v, N v, He 1, O w1, [O m}, and C m). Their FWHM line
widths have a range of ~700-2300 km s ! with an average of approximately ~ 1300 km s . The emilting gas
s metal-rich(Z =~ 2.5-3 Z ). In the X-ray spectrum ol 1 30 counts in the 0.5-7 keV band, there is evidence
for intrinsic absorption with Ay = 10% cm >, Aniron Ka line with rest-frame energy and equivalent width of
~6.4 keV and ~1 keV, respectively, in agreement with the obscuration scenario, isdetected ata 2 o kevel. If
confirmed by our forthcoming X MAM-Newton observations, this would be the highest redshill detection ol Fe
Ka. Depending on the assumaed cosmology and the X-ray transfer model, the 2-10 ke V rest frame luminosity
corrected for absorption & ~10% = %% ergs em-? s !, which makes our source a classic exampk of the long-
sought type 2 QSO. From standard population synthesis models, these sources are expected 1o account lora
relevant Iraction of the black hole- powered QSO distribution at high redshift.
Subject headings: quasars: emission lines — quasars: individual (CXOCDFS J033229.9--275106)

X-rays: galaxics




The Most Distant Obscured Quasar
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ABSTRACT

We report the discovery of the most distant known active galactic nucleus, the mdio galaxy TN J0924—-2201
at 2 = 5.19. The radio source was selecied from a new sample of ultmsteep spectrum sources, has an extreme
mdio spectral index o)\ Fi. = —1.63, and is identified at nearIR wavelengths with a very faint, K = 21.3 =
0.3 object. Spactoscopic obesrvations show a single emission line at A~ 7530 A, which we identify as Lye.
The K-band image. sampling rest-frame U band, shows a multicomponent, rad w-alignad morphology, which is
typical of lower-radshift madio galaxies. TN J0924— 2201 extends the near-IR Hubble, or K-z, relation tfor powerful
mdio galaxies to 7 =5 and is consistent with models of massive galaxies toming at even higher redshifts.
Subject headings: eady universe — galaxies: active — galaxies: distances and redshifts —

galaxies: tormation — galaxies: individual (TN JO924—2201)




|dentifying Obscured AGN at High Redshift

® radio selection
® X-ray selection
® optical selection

® (mid-)infrared selection
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Radio Selection of (Obscured) AGN

Advantages:

* low frequencies are isotropic

* radio provides extra information
e AGN lifetimes (~107 - 108 yr)
* duty cycle (e.g.,"“double doubles™)
* jet axis stability

Disadvantages:
* only seeing ~10% of AGN

Fornax A




Radio Selection of (Obscured) AGN

Advantages:

* low frequencies are isotropic

* radio provides extra information
e AGN lifetimes (~107 - 108 yr)
* duty cycle (e.g., ‘double doubles™)
* jet axis stability

Disadvantages:
* only seeing ~10% of AGN

Double-double radio galaxy B1834+620




X-Ray Selection of (Obscured) AGN

Advantages:

* hard X-rays are isotropic

* probing XRB directly

* even low activity levels have high contrast over
stellar X-ray emission

Disadvantages:

* Chandra & XMM don’t probe the hard X-rays
* Compton thick AGN missed at even moderate
redshifts (Ms w/ Chandra only detects NGC

1068 to z=0.4)




Optical Selection of (Obscured) AGN

Advantages:
* (optical) spectroscopy potentially very robust

Disadvantages:

* (optical) spectroscopy potentially very fickle:
* extinction
* dilution from host galaxy light



Mid-IR Selection of (Obscured) AGN

Advantages:

* mid-IR emission is isotropic

* identifies all luminous AGN

* sensitive to even Compton thick AGN

* Spitzer is very efficient at mapping large areas

deeply

Disadvantages:
* insensitive to low-luminosity AGN

= 2




vi (erg cm% s-1)

The Bootes Field
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The IRAC Shallow Survey
AKA “Epoch | of SDWFS”

* 8.5 square degrees in NDWFS
Bootes field

* 60 hours of observatory time,
obtained 2004 January 10-14

* 90 seconds/position

* 18,000 images

* reaches depths of 6.4-50 microly at
3.6-8.0 microns

* SDWFS: 3 more epochs being
obtained between August 2007 and
March 2008

Eisenhardt, Stern et al. 2004, ApJS, 154, 44




ISO vs. Spitzer

7 microns 8 microns
reaches ~30 pJy reache9so~30 W)y
S

~15 hr




Mid-IR Colors
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Number

AGES: AGN & Galaxy Evolution Survey
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* AGES |1& 2 (PI's Kochanek & Eisenstein) has >20,000 spectroscopic
redshifts in the Bootes field, mostly R<20.5 using Hectospec at MMT

* additional programs add another ~2000 redshifts (mostly Keck)

* AGES 3 (PI's Kochanek, Murray & Stern) goes fainter; data almost fully
processed
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QSO/AGN
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Mid-IR AGN Selection: Robust & Complete

681 sources in the AGN wedge with spectra (circa 2005):
522 (77%) broad-lined AGN
40 ( 6%) narrow-lined AGN
113 (17%) “normal” galaxies
6 ( 1%) stars

-—=p |ittle contamination

576 broad-lined AGN with 4-band IRAC colors in AGES (c. 2005):
522 (91%) selected by IRAC wedge
~85% X-ray sources
~45% MIPS 24 micron sources

- highly complete
(for unobscured/luminous AGN)




Mid-IR AGN Selection: Demographics

® 8 um depth, for typical quasar SED, corresponds to R~21.5
e COMBO-17 QLF finds ~65 quasars per sq.deg to R=21.5 (Wolf et al. 2003)

IRAC Shallow Survey finds ~275 AGN per sq. deg.

Type 2:Type | ratio is ~3:l
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Bootes High Redshift Quasars
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Fraction of IRAC AGN

Detected in the Radio and X-ray

Fraction of IRAC AGN Candidates
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Radio Properties of IRAC AGN

optically faint IRAC AGN 05 T 'o' =TT T
(Bw,R,l > 24.5) I

flat spectrum =
core dominated

s 0+
o

i |
i D
© i
|
-
Q "
a.
n -0.5 @)

o)

2 i (o)
o [ ]
[0}
o - o o©° o L ©°

n O 0O X

1L 00 steep spectrum =

lobe dominated

1 L lllllll 1 1

1 10
1.4 GHz Flux Density (mJdy)




Close Pairs of IRAC AGN
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Serendipitous, Extragalactic, X-ray
Source ldentification Survey

Megan Eckart, Fiona Harrison, David Helfand, DS

e 27 archival, deep Chandra
pointings (2 deg?)

e 1034 hard (2-10 keV) X-ray
selected sources

e 438 spectroscopic redshifts

from Keck:
¢ 211 type | AGN (BLAGN)
o 32 type 2 AGN (NLAGN)

e 176 'normal’ galaxies (ELGs, or
XBONGs)




Mid-IR Colors of Hard X-Ray Sources
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[3.6] — [4.5] (Vega)

[3.6] — [4.5] (Vega)

X-Ray Luminosity Dependence
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Optical Brightness Dependence
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Stacking X-Ray Non-Detections
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Stacking X-Ray Non-Detections
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NuStar:

Nuclear Spectroscopic Telescope Array

NASA SMEX mission
Pl. Fiona Harrison (Caltech)
launch in 201 |

the first focusing mission above 10 keV



Launch Schedule
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Fiona Harrison (PI, Caltech)
Steve Boggs (UC-Berkeley)
Finn Christensen (DSRI)

Lynn Cominsky (EPO, Sonoma State)

Walter Cook (Caltech)
William Craig (Inst. Manager, Livermore)
Charles Hailey (Columbia)
Greg Madejski (Stanford)
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David Meier (JPL/Caltech)
Daniel Stern (Proj. Sci., JPL/Caltech)
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Stan Woosley (UC-Santa Cruz)
Yunjin Kim (Proj. Manager, JPL/Caltech)
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10 Energy (keV)

- 80

Energy Range:

6-80 keV

Angular
Resolution:

40 arcsec (HPD)

Field of View:

13.4 x 13.4 arcmin

Spectral | keV at 68 keV
Resolution:
Sensitivity | uCrab (20 keV)

(30, | Ms):

10 pCrab (60 keV)

Timing Resolution: || msec
ToO Response: <24 hr
Launch Date: August 201 |
e 27 degrees
Orbit: 595 I

Orbit Lifetime:

84 months (nominal)




NuSTAR’s breakthrough is the first use of
focusing optics in the hard X-ray band
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Focusing Telescope:
low background, compact detector

Pinhole Camera:
high background, large detector




Three Key Technologies

hard X-ray optics
(HEFT balloon)

deployable mast
(SRTM: Shuttle Radar
Topography Mission)

solid state
hard X-ray detector
(HEFT balloon)
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More than an order of magnitude advance in spatial and spectral
resolution!
More than 2 order of magnitude advance in sensitivity!




Integral NuSTAR

L]

2x2 degrees, 20-40 keV 2x2 degrees
|.5 month w/ IBIS simulated NuSTAR image

study the X-ray background at its peak!




Big Questions:

® What and where are the obscured sources which are needed to
explain the X-ray background?

® Mid-IR is detecting many of them; await NuSTAR to see
their hard X-ray spectra and identify both the lower
luminosity sources and the most heavily obscured sources

® What is causing their obscuration?
® Definately some obscuration on galactic scales

® How does this relate to galaxy formation & evolution?

e TBD




THE END
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brown dwarfs

f,(10-'7 ergs cm

Stern et al. 2007,Ap), 633, 677

Observed Wavelength (A)

: H,0 ¥
2 e AW«M =
i K1 il J‘M ll\ Fﬂ
L N.E_l,.,l. N r%{ t’ CrH
, l W G
1 4 p,l|.ll.f"f' \ gy © 20
binpavandge T
6000 7000 8000 9000 10000




e ..
¥y v

8.7 Billion Light-Years

Distant Galaxy Cluster Infrared Survey

NASA / JPL-Caltech / M. Brodwin (JPL)

8.6 Billion Light-Years

Spitzer Space Telescope * IRAC
KPNO Mayall Telescope (visible)
sig0B-015

High-Redshift
Galaxy Clusters

|0 confirmed
galaxy clusters at z>|

e Stanford et al. 2005, ApJL, 634, L129

e Elston et al. 2006,Ap], 639,816

® Brodwin et al. 2006,Ap), 651,791

e Eisenhardt et al. 2007, Ap), submitted
® Brodwin et al. 2007, Ap]L, submitted




Galaxy Cluster SN Cosmology

Discovery Image

ACS 7z’ (F850LP)

several good candidates in z>| galaxy clusters,
including this SN in a z=1.41 cluster




Surface Density of IRAC AGN Candidates (AGN/arcmin ?)
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AGN Butcher-Oemler Effect
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Kollmeier et al. 2006, Ap), 648, 128

Quasars
(Unobscured)

* Eddington ratios for large set

of sources with spectroscopic
redshifts from AGES:

* most broad-lined AGN are
emitting at ~30% the
Eddington ratio




quadruple the depth of the IRAC
Shallow Survey:

e diffuse infrared background from
population Il stars

® clusters/clustering of massive
galaxies out to z~2.5

cosmas
e AGN studies Mt
® mid-IR variability 2
® rare objects, e.g. the coldest
brown dwarfs

.
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Wide-Field Infrared Survey Explorer

® NASA/MidEx mission, led by JPL & UCLA
® Pl.- Ned Wright (UCLA)
® Project Scientist - Peter Eisenhardt (JPL)
® l[aunch scheduled for November 2009
o full-sky 3-24 micron survey
® compliments SDSS/2MASS, JWST, LSST, PanSTARRS, ...
® ~50 mid-IR AGN / sq. deg.




