
 Obscured Quasars

Q50 Meeting (Pasadena)
2013 September 10

Daniel Stern (JPL/Caltech)
Particular kudos to:

R. Assef (Univ. Diego Portales)
E. Donoso (ICATE)

Peter Eisenhardt (JPL)
Jingwen Wu (UCLA)
Chao-Wei Tsai (JPL)

Lin Yan (IPAC)
Carrie Bridge (Caltech)

+ the rest of the WISE Extragalactic Team 
+ NuSTAR Extragalactic Team



quasar = “quasi-stellar  radio  source”

Not!
only ~13% of QSOs are radio-loud

Stern, Djorgovski et al. 2000, AJ, 119, 1526

only ~50% of QSOs are quasi-stellar

Stern, Assef et al. 2012, ApJ, 753, 30











The Most Distant Obscured Quasar







Orientation Models
obscuring torus

Dynamical Models
merger-induced obscuration

Hopkins et al. 2006, ApJS, 163, 1Urry & Padovani 1995, PASP, 107, 803

What causes the obscuration?





Stern et al. 2005, ApJ, 631, 163

“Stern wedge”

Considerable related literature:
Lacy et al. (2004) - “Lacy wedge”
Donley et al. (2007) - power-law selection
Donley et al. (2012) - color selection
Glikman et al. (2012) - FIRST-2MASS red QSOs
Edeleson & Malkan (2012) - SIX parameter
etc....

Spitzer



Stern, Assef et al. 2012, ApJ, 753, 30
Assef, Stern et al. 2013, ApJ, 772, 26  

Mid-IR Sources in COSMOS at WISE Depth
• Stern+12 replaces Stern+05 “wedge” with simple W1-W2 color cut + W2 depth cut (or 
Assef+13 presents W2-dep’t W1-W2 color cut)
• identifies 62 luminous AGN per deg2 
• highly reliable (95%!) and complete (78%) AGN selection (relative to wedge selection)
• for comparison, initial SDSS selection gets 18 deg-2 w/ 66% reliability and 90% completeness 
(for type-1, unobscured QSOs); comparable AGN luminosities





Dust Reddening of WISE AGN (in Boötes)
• model broad-band SED as sum of empirical galaxy components + AGN

• E(B-V):  AGN reddening (no reddening applied to empirical galaxy templates)
• â:  fraction of 0.3-30 um luminosity coming from the AGN

Assef, Stern et al. 2013, ApJ, 772, 26  



Dust Reddening of WISE AGN (in Boötes)
• more luminous AGN are less likely to be obscured, 
• consistent with predictions of the “receding torus” model
• hints of feature in dust distribution at E(B-V) ~ 1

Assef, Stern et al. 2013, ApJ, 772, 26  



Assef, Stern et al. 2013, ApJ, 772, 26  

unobscured obscured



Angular Clustering of WISE-Selected AGN (in SDSS)
•  angular clustering of 170,372 WISE-selected AGN over 3363 deg2

Donoso, Yan, Stern & Assef et al., ApJ, submitted (arXiv:1309.2277)
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Angular Clustering of WISE-Selected AGN (in SDSS)
• separate type-1 AGN (unobscured) from type-2 AGN (obscured) using r-W2 color
• note more contamination of red sources into blue selection than vice-versa

Donoso, Yan, Stern & Assef et al., ApJ, submitted (arXiv:1309.2277)



Angular Clustering of WISE-Selected AGN (in SDSS)
• unresolved AGN have bluer r-W2 colors
• resolved AGN tend to have redder r-W2 colors

type-1
(unobscured)

type-2
(obscured)

resolvedpoint sources
(unresolved)

Donoso, Yan, Stern & Assef et al., ApJ, submitted (arXiv:1309.2277)



Angular Clustering of WISE-Selected AGN (in SDSS)
• redshift distribution of unobscured (blue) and obscured (red) WISE-selected AGN
• obscured AGN have a higher bias, implying they reside in richer haloes!

Donoso, Yan, Stern & Assef et al., ApJ, submitted (arXiv:1309.2277)



Angular Clustering of WISE-Selected AGN (in SDSS)
• angular correlation function w(θ) of blue & red WISE-selected AGN

blue AGN:
 - b = 1.6 ± 0.6
 - M ~ 1012.4 M(sun)

red AGN:
 - b = 2.9 ± 0.6
 - M ~ 1013.5 M(sun)

Donoso, Yan, Stern & Assef et al., ApJ, submitted (arXiv:1309.2277)





The Most Extreme WISE-Selected AGN
•  W1W2-dropouts (undetected blue-ward of 12 um)

Eisenhardt et al. 2012, ApJ, 755, 173
Wu et al. 2013,  756, 96

Bridge et al.. 2013, ApJ, 769, 91

• ~1000 W1W2-dropouts 
across the extragalactic sky 
(e.g., only ~1 per 30 deg2)
• WISE team aggressively 
studying (e.g., Keck, Gemini, 
Palomar, WIYN, SOAR, 
Spitzer, Herschel, XMM-
Newton, NuSTAR, CSO, ...)
• <z> ~ 2, with one at z=4.6
• highly luminous

• L(bol) ~ 1e14 L(sun)
• Lyα blobs common



The Most Extreme WISE-Selected AGN
•  Keck spectrum of one of the first W1W2-dropouts (z=2.452)
•  (type-2) AGN features turning out to be relatively common (~50%)

Eisenhardt et al. 2012, ApJ, 755, 173



Eisenhardt et al. 2012, ApJ, 755, 173

• best fit to SED includes an 
AGN with ~50 mag of 
extinction
• for typical dust-to-gas 
ratios, N(H) ~ 1e24 cm-2

• for Eddington-limited 
accretion, BH seems big 
compared to stellar mass
• L(bol) ~ 9e13 L(sun), 
placing it amongst the most 
luminous sources known









Anti-Summary

• the bulk of the quasar population is neither quasi-stellar nor radio-loud

• clustering analysis of WISE-selected AGN sample shows obscured 
quasars to reside in different (more massive) dark matter haloes than 
unobscured AGN ➡ hard to reconcile with the traditional orientation-
driven, or torus “unified model of AGN” [sorry, Meg]

• WISE is identifying a large population of extremely luminous, extremely 
obscured AGN ➡ hard to reconcile with the “receding torus” model of 
AGN, in which more luminous AGN show less obscuration



Backup Slides





• understand the full census of AGN in the universe
• understand the sources responsible for the cosmic X-ray background
• AGN feedback:  clues to galaxy formation & evolution
• important for reionization?

Why care about the obscured population?

Ueda et al. 2003, ApJ, 598, 886

see also talks by:
Günther Hasinger
Fiona Harrison



Eckart, McGreer, Stern, Harrison & Helfand 2010, ApJ, 708, 584

X-Ray Luminosity Dependence



Optical Variability + WISE Color Selection of AGN
• optical variability + mid-IR color to identify complete sample of unobscured QSOs
• for stripe 82 QSOs, mid-IR color gets 80.4%; combining w/ variability parameter gets 93.7%

poster by Matthew Graham

Quasars
Stars



templates from Assef et al. 2010, ApJ, 713, 970

Empirical Galaxy + AGN Templates
• WISE color selection not good for unobscured QSOs at z>3.5
• heavily obscured AGN more easily diluted by host galaxy
• extremely obscured AGN not detected in W1 and W2



X-Ray Properties of WISE-selected AGN:
• Chandra survey of COSMOS (~100 ks over ~0.9 deg2 )

• reaches S(0.5-2 keV) ~ 2x10-16 erg cm-2 s-1

• 6/47 (13%) of WISE+Spitzer AGN candidates undetected
• XMM-Newton survey of COSMOS (~60 ks over full ~2 deg2 )

• reaches S(0.5-2 keV) ~ 5x10-16 erg cm-2 s-1

• 26/116 (22%) of  WISE+Spitzer AGN candidates undetected



negative k-corrections in the mid-infrared!




