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Ü What triggers AGN activity at z~2? 
Using host morphologies to determine 
mechanisms that fuel BH growth.

Ü What role do AGN play in quenching 
first generation of passive galaxies? 
Using host stellar populations to study 
SF shutdown in AGN hosts at z~2-3.

The AGN-Galaxy Connection 
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AGN in the CANDELS Fields

Ü ~1500 AGN detected in all five CANDELS fields
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Ü Most X-ray selected AGN      
at z~2 are not found in 
interacting galaxies. 

Ü High disk fraction suggests 
stochastic fueling more 
important than predicted   
by fueling models.

Ü In agreement with previous 
results:
Ü Grogin et al. (2005)
Ü Cisternas et al. (2011)
Ü Schawinski et al. (2011)



New Constraints for AGN Fueling Models

O •

Ü High gas fractions at z~2 results in ubiquitous AGN activity in 
undisturbed disk galaxies. 

Ü However, majority of Black Hole growth still predicted to be 
driven by mergers!

Mergers

Secular 
Processes
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ABSTRACT
Recent observations have indicated that a large fraction of the low to intermediate luminosity AGN popu-
lation lives in disk-dominated hosts, while the more luminous quasars live in bulge-dominated hosts (that
may or may not be major merger remnants), in conflict with some previous model predictions. We there-
fore build and compare a semi-empirical model for AGN fueling which accounts for both merger and
non-merger “triggering.” In particular, we show that the “stochastic accretion” model – in which fueling
in disk galaxies is essentially a random process arising whenever dense gas clouds reach the nucleus –
provides a good match to the present observations at low/intermediate luminosities. However it falls short
of the high-luminosity population. We combine this with models for major merger-induced AGN fueling,
which lead to rarer but more luminous events, and predict the resulting abundance of disk-dominated and
bulge-dominated AGN host galaxies as a function of luminosity and redshift. We compile and compare
observational constraints from z ⇠ 0�2. The models and observations generically show a transition from
disk to bulge dominance in hosts near the Seyfert-quasar transition, at all redshifts. “Stochastic” fueling
dominates AGN by number (dominant at low luminosity), and dominates BH growth below the “knee” in
the present-day BH mass function (. 107 M�). However it accounts for just ⇠ 10% of BH mass growth
at masses & 108 M�. In total, fueling in disky hosts accounts for ⇠ 30% of the total AGN luminosity
density/BH mass density. The combined model also accurately predicts the AGN luminosity function and
clustering/bias as a function of luminosity and redshift; however, we argue that these are not sensitive
probes of BH fueling mechanisms.

Key words: galaxies: formation — galaxies: evolution — galaxies: active — star formation: general —
cosmology: theory

1 INTRODUCTION

The existence of tight correlations between black hole (BH) mass
and properties of the host galaxy spheroid, including spheroid
mass/luminosity (Kormendy & Richstone 1995; Magorrian et al.
1998; Kormendy et al. 2011), velocity dispersion (Ferrarese & Mer-
ritt 2000; Gebhardt et al. 2000), and binding energy/potential depth
(Aller & Richstone 2007; Hopkins et al. 2007b; Feoli et al. 2010)
have fundamental implications for the growth of BHs and – given
the Soltan (1982) argument which implies that most BH mass was
assembled in luminous quasar phases (e.g. Salucci et al. 1999; Yu
& Tremaine 2002; Hopkins et al. 2007d; Shankar et al. 2009) –
corresponding active galactic nuclei (AGN) activity.

Fueling the most luminous quasars at a level required to grow
the BH significantly involves channeling an entire typical galaxy’s
supply of gas (& 109 � 1010 M�) into the central few pc, prob-
ably requiring ⇠ 1011 M� worth of gas in the central ⇠ 100pc,
on a timescale comparable to the galaxy dynamical time. Thus,
it is commonly assumed that this necessitates an extreme violent
galaxy-wide perturbation such as a major galaxy merger. And in-
deed, gas-rich galaxy mergers are observed to fuel at least a sub-
stantial fraction of bright quasars (see e.g. Guyon et al. 2006;
Dasyra et al. 2007; Silverman et al. 2008; Bennert et al. 2008; Liu
et al. 2009; Veilleux et al. 2009; Letawe et al. 2010; Koss et al.
2010, 2012, and references therein). Such encounters also convert
disks into spheroids and further grow the bulge via centrally con-
centrated gas inflows in a merger-induced starburst (Mihos & Hern-
quist 1994; Hibbard & Yun 1999; Robertson et al. 2006b; Naab
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et al. 2006; Cox et al. 2006; Hopkins et al. 2008a,b, 2009a,c). As
argued in Hopkins et al. (2007a); Hopkins & Hernquist (2009a);
Snyder et al. (2011), this deepens the central potential, so a merger
both directly strips gas of angular momentum (providing a BH fuel
source) and also increases the binding energy of that material (and
bulge mass/velocity dispersion), meaning the BH will grow larger
even if strong feedback “resists” inflows, before “catching up” to
the BH-host relations and self-regulating.

However, recent observations of AGN host morphologies and
colors have suggested that major mergers probably do not fuel most
low and intermediate-luminosity AGN, as a large fraction appear in
“normal” disks (Gabor et al. 2009; Cisternas et al. 2011; Kocevski
et al. 2012; Rosario et al. 2011; Civano et al. 2012; Santini et al.
2012; Mullaney et al. 2012). This should perhaps not be surprising.
Unlike a bright quasar, fueling a Seyfert (bolometric L < 1012 L�
or 4⇥1045 ergs�1) for a typical ⇠ 107 yr episode (see Martini 2004)
requires a gas supply within the range of just a single or a few gi-
ant molecular clouds (GMCs). There are many alternative mecha-
nisms that could sufficiently disturb the gas in the central regions
of the galaxy to as to produce such an event. These include mi-
nor mergers (Hernquist & Mihos 1995; Woods et al. 2006; Woods
& Geller 2007; Younger et al. 2008), secular angular momentum
loss in bar/spiral arms (for a review, see Jogee 2006) or Toomre-
unstable “clumpy” disks (Bournaud et al. 2011), steady-state ac-
cretion of diffuse (low-density) hot gas (see Allen et al. 2006; Best
et al. 2007, and references therein), or multi-body interactions with
nearby star clusters or other clouds (e.g. Genzel et al. 1994). All of
these processes do occur in galaxies, and should at least indirectly
contribute to AGN fueling insofar as they help remove angular mo-
mentum from dense gas.
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Host Morphology vs Obscuration

Ü Host Morphology Comparison:
Ü 121 Heavily Obscured AGN        

with NH > 10 23.5 cm-2

Ü 279 Moderately Obscured AGN 
with NH = 10 22 - 23.5 cm-2

Ü 281 Unobscured AGN                   
with NH < 10 22 cm-2

Ü Subsamples matched in redshift 
and X-ray luminosity.  

Brightman et al. (2012)



Mergers Hidden by Obscuration?

Unobscured

Obscured

Ü Heavily obscured AGN are more 
disturbed than their unobscured
counterparts at fixed luminosity.

Unobscured
Moderately
Obscured

Heavily 
Obscured

Kocevski	 et	al.	(2015)



Host Morphology vs Obscuration

Kocevski	 et	al.	(2015)



What Triggers AGN Activity at z~2?

Ü Excess of disturbed morphs vs obscuration consistent with 
evolutionary sequence.  

Ü Increased secular fueling + incompleteness at high obscuration 
may explain lack of convincing AGN-merger connection at z~2.
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Obscured AGN?
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Ü What triggers AGN activity at z~2? 
Using host morphologies to determine 
mechanisms that fuel BH growth.

Ü What role do AGN play in quenching 
first generation of passive galaxies? 
Using host stellar populations to study 
SF shutdown in AGN hosts at z~2-3.

CANDELS and the AGN-Galaxy Connection 
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AGN Host Rest-Frame Colors 

Star Forming

Quiescent

Dusty

Control
AGN

z=0.5 -1.4

Ü AGN hosts have intermediate colors relative to mass-matched 
control sample at all redshifts (z=0.5-2.6).

Ü Consistent with previous results that AGN live in the Green Valley.
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Disk Disk + Sph Sph

1.4 < z < 2.6
log M > 10

X-ray AGN

Quenching Pathways at z~2
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Disk Disk + Sph Sph
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Disk Disk + Sph Sph
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Disk Disk + Sph Sph

1.4 < z < 2.6
log M > 10

X-ray AGN

Fast-Track Quenching

Courtesy	Rachel	Somerville	&	Joel	Primack



Disk Disk + Sph Sph

1.4 < z < 2.6
log M > 10

X-ray AGN

Quenching Pathways at z~2

Fast Track
Quenching

Disk Disk+Sph Sph

Density M/R"##
$.&

GOODS-S



AGN at the Quenching Threshold
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AGN at the Quenching Threshold

Disk Disk + Sph Sph
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AGN at the Quenching Threshold
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What Role Do AGN Play in Quenching?

Ü Large fraction (48%) of compact, 
star forming galaxies host an X-ray 
luminous AGN at z~2.

Ü First generation of quenched 
galaxies emerged directly 
following a phase of rapid         
Black Hole growth.

Ü Hints at possible role of AGN 
feedback in the quenching 
process.



Ü Mergers not needed to fuel most 
AGN activity at z~2.  

Ü Connection between mergers and 
obscured Black Hole growth.     

Ü AGN-merger connection missed by 
previous studies due to obscuration.

Ü AGN appear ubiquitous in galaxies 
transitioning from blue cloud to the 
red sequence at z~2.

Ü First generation of quenched 
galaxies emerged directly 
following a phase of rapid  
Black Hole growth.

Summary of Key Results

Disk Disk + Sph Sph
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log M > 10

X-ray AGN


