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MIR Selection of AGN
(Donley et al. 201 |, ApJ, submitted)

QSOOI + M82: AGN fractions of 0% - 100%, in steps of 20%
ool wmceee 3 * AGN-heated dust emits down to
- . : one micron (T, = 000-1500K)

®* Superposition of blackbodies =
power-law thermal continuum

* |R emission of luminous AGN fills
in the dip In its host galaxy’'s SED.

* The strength of this feature
depends on the relative luminosities
of the AGN and the host galaxy

vF, (normalized at 1.6 um)

—
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e Power-law continuum should be
visible in both unobscured AND

0.1 1.0 10.0 Lol obscured AGN
Rest Wavelength (um)
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Current AGN Selection Wedges
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*  Luminous AGN occupy a well defined region in color space, and fall largely within
the Lacy+ 04/05 and Stern+ 05 regions

* Star-forming templates also fall in the selection wedges, which were oniginally defined in

shallow surveys (SFLS, NDWFS) to which additional flux cuts in R-band (R<21.5), 8um
(f>1 mljy), or 24um (F>5 mjy) excluded all but the brightest sources.
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Star-forming Contamination!

Many “pure starbursts” observed with IRS fall in the AGN selection regions, as do the
Huang+ 09 z=1.5-3 IRAC selected star-forming galaxies

109(Sg.0/S45)
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Redefining the AGN Selection Region

- COSMOS: deep and wide (2 sqg. deg) coverage = large samples of
luminous AGN

IRAC: 1200s over 2 sq. deg (50 =09, |.7, | |.3, [4.6 uly), >26,000
IRAC sources meet these cuts

Chandra: |50ks over 0.5 sq. deg, 80ks over additional 0.4 sg. deg.

XMM: 40ks XMM coverage over full 2 sg. deg, roughly equal numbers
of Seyferts (Lx < 44) and Q5S0Os (Lx > 44)

1062 XMM sources meet the 50 IRAC cuts

62% have spectroscopic redshifts, remaining 38% have AGN-specific
photometric redshifts from Salvato+ 09
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Power-law Selection: A Starting

Point

We take the power-law box as our starting point for a refined IRAC
selection region, and focus on Lacy+ 04 color space.

Need to test:

|) Completeness (as a function of L/zZ/NH): XMM Sample
2) Reliability (e.g. contamination): IRAC Sample

Power-law Box
(defined here)

(Alonso-Herrero+ 06, Donley+ 07)
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XMM Sample: Trends in Luminosity/Type

I I I I I ] I I I I I
- log Lo_yo > 45 o Optical Type 1
x Optical Type 2

A A
< e

1.0 log Lo_4o < 42

log(8.0um/4.5um)

—0.9 : _______

40F

| ] 1 ] 1 | ] ] 1 ] | ] 1 ] ] 20F % OptICC” Type 2

=0.9 0.0 0.9 1.0 0.5 0.0 —=().5 -1.0 =150 —2.0
l0g(5.8um/3.6um) Power—law Index («)

IRAC selection will be most complete to high-L (and thus high-z) AGN, as

expected. Trends with obscuration are harder to constrain.
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[RAC Sample: Reliability

XMM Sources comprise only 4% of the IRAC sample

Colors = X-ray Detection Fraction (for sources with Ty>50ks):
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[RAC Sample: Reliability

XMM Sources comprise only 4% of the IRAC sample

Colors = X-ray Detection Fraction (for sources with Ty>50ks):
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1.5

[RAC Sample: Reliability

XMM Sources comprise only 4% of the IRAC sample

Colors = X-ray Detection Fraction (for sources with Ty>50ks):
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1.5

[IRAC Sample: Reliability

XMM Sources comprise only 4% of the IRAC sample

Colors = X-ray Detection Fraction (for sources with Ty>50ks):
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[IRAC Sample: Reliability

X-ray detection fraction is low In the same regions where we expect

contamination from star-forming galaxies.
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[IRAC Sample: Reliability

X-ray Stacking: Average Properties of X-ray Detected (and non-detected) Samples

109(Sg.0/Ss5)
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[RAC Sample:
Contamination from high-z galaxies?

At high-z, IRAC bands sample blue side of stellar bump
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wo populations of BzK and DRG sources:
|) Low X-ray detection fraction (blue/green) star-forming cloud

)) High X-ray detection fraction extension along the power-law locus (AGN)
=  (Can be separated by a cut in 8.0/4.5 color
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[RAC Sample:
Contamination from high-z galaxies?
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wo populations of BzK and DRG sources:
|) Low X-ray detection fraction star-forming cloud

) High X-ray detection fraction extension along power-law locus (AGN)

=  Cannot be cleanly separated in Stern+ color space
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[IRAC Sample:
Contamination from high-z galaxies!

Only three spectroscopically-confirmed z>3 LBGs in COSMOS meet the IRAC cuts,
so we turn to the GOODS field.

High-z Candidates in GOODS
N L L B L B L BRI B

High-z Galaxies/Candidates: L d) z>3 Galaxies/Candidates:

GOODS z>3.5 IRAC—Selected (Mancini et al. 2009)
® GOODS z=3.8-5 LBGs (Shim et al. 2011)

. Z:38_5 LBGS (SpeC COﬂf, Sh|m+ | | ) 1.0~ ™= GOODS z>5 Balmer—Break (Wiklind et al. 2008) —

* z>4 SMGs
detectable in COSMOS

We expect little to no contamination from high-z star-forming
galaxies after addrtional cut Is iImposed

z>5 evolved galaxy candidates (I¥ancin , % 7 x
Wiklind+ 08) -
- slightly redder, but none detectable In /
COSMOS |
- 224 SMGs
- all in power-law box, but 3/6 are known ol | 1 | | 1 1
AGN and the rest are bright 24um sources 54 5 B @8 03 68 G55 i

109(Ss.6/S3.6)
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|09(58.0/84.5)

Revised AGN Selection Critena:

Combines a revised wedge in Lacy+ color space with a cut in Stern+ color space

|61 1 IRAC sources meet our new selection cuts: only 3/% are X-ray sources over
full field, 50% are X-ray sources in deep Chandra field
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Fraction of sources that meet the new IRAC cuts

Revised AGN Selection Critena:

Cut recovers /5% of sources with Q50 luminosities of L ,>44 and /5% of heavily obscured

QSOs (Lx>44) missed by the cut tend to be slightly more obscured, and show a prominent

| Optical Type 1

- Optical Type 2

XMM QSOs that meet the new selectlon crnterlo

1 11 1 11

1 1 llllllI

E XXMM QSOs that fall outside the new selection criteria
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Summary: IR Selection of [ uminous AGN
(Donley et al. 201 1)

IRAC selection is an efficient way to select luminous unobscured and obscured AGN,
but current AGN selection regions are insufficient for use with deep IRAC surveys

Using COSMOS, we redefine the IRAC AGN selection region to be maximally
complete and reliable.

We expect minimal contamination from high-redshift galaxies (LBG, BzK, DRG, SMG,
etc.)

Despite far smaller selection region, the new cuts recover >75% of QSO-luminosity
AGN, 50% of which lack X-ray counterparts.

f 8 f8.0 f4.
X = 10210(%@), S 10g10(f—Lm), Z= (—SLm)
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