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Accretion history of AGN



Clustering à environments

Galaxy clustersGalaxy groupsField galaxies

Halo mass

Large-scale clustering strength



Selection Effects
• Host galaxy properties
• Incompleteness
• Survey volume

AGN parameters?
• Obscuration
• Accretion rate
• Black hole mass

What drives AGN clustering?

VS.



0.01 < z < 0.1
LX > 1042.5 erg/s

AGN clustering at z=0

BASS: Koss et al. 2017; www.bass-survey.com

Swift/BAT AGN Spectroscopic Survey

1. Do AGN reside in special cosmic environments?

2. Any dependence on obscuration?

BASS
2MASS



Galaxy (AGN) - halo connection
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GalaxiesHalos

nsubhalos(>Msubhalo) = ngal(>M⋆) 
à M⋆(Msubhalos)

Subhalo Abundance Matching model



Satellite 
galaxies

Central 
galaxies

Match stellar mass distributions
Mask out some galaxies:

Forward modeling: Populating a halo catalog

Halotools: Hearin et al. 2016
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z=0: AGN cluster like inactive galaxies

Consistent with galaxies of the same stellar mass

Mock galaxies

Swift/BAT AGN

Powell et al. 2018a
No special environments for BH accretion



Dependence on Obscuration
• Unified model?

• Evolutionary phase of 
obscuration?

gas-rich 
galaxy(s)

SMG/ULIRG obscured 
quasar

unobscured 
quasar

early-type 
galaxy

Figure 6: Schematic diagram to illustrate the main components in the major-merger evolutionary scenario first proposed by Sanders et al. (1988).

1998; Bower et al., 2006; Genzel et al., 2008; Bour-
naud et al., 2011). Support for major-merger driven
quasar activity comes from (1) the large fraction of sys-
tems with disturbed morphologies (see §3.3.2), and (2)
the good agreement between predictions for the merger
rates from dark matter simulations (for adopted empiri-
cal prescriptions the quasar fueling) and the spatial clus-
tering and space densities of distant quasars (e.g., Hop-
kins et al., 2008; Treister et al., 2010a).

While mergers are favoured by a number of mod-
els (e.g., Kau↵mann & Haehnelt, 2000; Springel et al.,
2005b; Hopkins et al., 2006b; Sijacki et al., 2007; Di
Matteo et al., 2008), any quasar triggering mechanism
requires relatively massive systems with large supplies
of cold gas, which are generally found in dark matter ha-
los with Mhalo ⇠ 1012–1013 M� (Croton Figure 4 2009;
see also Fig. 5), just below the “maximal quenching”
mass scales. Spatial clustering and environment mea-
surements of quasars (e.g., Ross et al., 2009; Lietzen
et al., 2009; Hickox et al., 2011; Carrera et al., 2011)
suggest that quasars do indeed reside in halos of these
masses at every redshift (as discussed in §3.4 and shown
in Fig. 5). This implies that at high redshift, quasars are
found in the largest collapsed system in the Universe
(and are the progenitors of today’s most massive early-
type galaxies) while in the local Universe quasars are
found in much more typical galaxy environments. Thus
the mass of the dark matter halo may itself be the key
parameter in understanding the fuelling of quasars.

The rapid flow of cold gas that is necessary to fuel a
quasar will inevitably be expected to also result in high
rates of star formation (as discussed in § 2.1–2.2). Ro-
bust evidence for links between powerful starbursts and
quasars come from studies of local powerful IR galaxies
(LIR > 5⇥1011 L�). The vast majority of such objects in
the local Universe are major mergers of galaxies, with
higher luminosities found during late stages when the
galaxies are at small separations (e.g., Clements et al.,
1996; Ishida, 2004). At higher LIR the fraction of the lu-
minosity from the AGN increases, and the large masses
of nuclear gas and dust ensure that much of the BH

growth is observed to be heavily obscured (e.g., Tran
et al., 2001; Yuan et al., 2010; Iwasawa et al., 2011;
Petric et al., 2011b). The local results are broadly con-
sistent with models in which mergers fuel a rapid star-
burst and a phase of obscured BH growth, followed by
an unobscured phase after the gas is consumed or ex-
pelled from the galaxy by stellar or quasar feedback
(e.g., Sanders et al., 1988; Di Matteo et al., 2005; Hop-
kins et al., 2008); see Fig. 6. However, powerful star-
bursts are rare in the local Universe, compared to higher
redshift where they dominate the star formation density
(e.g., Le Floc’h et al., 2005; Rodighiero et al., 2010b). A
key question, then, is whether a similar starburst-quasar
scenario is the dominant process at high redshift, during
the peak epoch of quasar activity where the largest BHs
accreted most of their mass. Testing this picture is the
subject of a number of recent studies.

One approach is to select high-redshift starburst
galaxies based on their IR or submmilimeter emission,
and study the growth of BHs in these systems. Use-
ful observational tools are X-ray observations and mid-
IR spectroscopy, which can distinguish between dust
heated by star formation and the AGN. The most pow-
erful starbursts at high redshift, submillimeter galaxies
(SMGs), have gas kinematics and morphologies that are
characteristic of mergers (e.g., Tacconi et al., 2008; En-
gel et al., 2010; Riechers et al., 2011). A high frac-
tion of these objects also host AGN (e.g., Alexander
et al., 2003a, 2005; Laird et al., 2010), but they gen-
erally have Spitzer IRS mid-IR spectra that are domi-
nated by star formation as indicated by luminous PAH
emission features (e.g., Valiante et al., 2007; Pope et al.,
2008; Coppin et al., 2010). Only 15% of SMGs are
dominated in the mid-IR by steep AGN continua, and
even these powerful AGN generally do not produce the
bulk of the bolometric output, which is dominated at
longer wavelengths by the cool dust from star forma-
tion (as also found for star-forming galaxies detected at
70 µm; Symeonidis et al. 2010). However, the presence
of powerful AGN in some starbursts is consistent with
a “transition” phase between powerful star formation
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Obscured/ 
Type 2

Unobscured/ 
Type 1



NH ≥ 1022 cm-2 (obscured)
NH < 1022 cm-2 (unobscured)

Dependence on Obscuration
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Obscured AGNà denser environments
Powell et al. 2018a; see also Krumpe et al. 2018

Obscured and Unobscured AGN cluster differently



Host galaxy obscuration?

Taking out clear cases of mergers, galaxy interactions, and host galaxy 
obscuration in obscured AGN did not change clustering difference

Obscured AGN with 
merging and edge-on 
galaxies eliminated
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Powell et al. 2018a

Obscured and Unobscured AGN cluster differently

Obscured AGNà denser environments

obscured
unobscured

subhalo model



• Halo clustering also depends on halo formation epoch/concentration
• Old halos cluster more strongly then young halos

• different host halo concentrations à different clustering  

Assembly bias?

Bolshoi-Planck 
Simulation
(Riebe et al. 2013 )

Low concentration High concentration



• Evidence that SDSS Type 1 AGN have fewer close pairs                
(Jiang et al. 2016, Villarroel & Korn 2014)

Jiang et al. 2016

Hint for assembly bias 

r/r180
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Obscured AGN

Unobscured AGN

à

à

Minimum host halo 
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Maximum host halo 
concentration

Assembly bias?



Assembly bias?
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Powell et al. 2018a



Dependence on redshift / luminosity

Luminosity 
Dependence?

Or selection effects?

X-ray AGN Optical quasars
Allevato+2011,2014, 2016
Mendez+2016
Krumpe+2012
Mountrichas+2016
Eftekharzadeh+2015
Laurent+2017
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X-ray-luminous Quasars
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Stripe 82X + XMM-XXL-north

S82X: LaMassa et al. 2013a,b, 2016 XMM-XXL-N: Menzel et al. 2016, Liu et al. 2016



X-ray-luminous Quasars

Powell et al. submitted

Luminosity 
Dependence?

Or selection effects?
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Summary

• Local universe: 
• X-ray AGN cluster like inactive galaxies when controlling for stellar mass

• Obscured AGN live in denser environments than unobscured AGN, 
despite similar host galaxy properties 

• z~1-2: 
• No evidence for luminosity-dependent clustering


