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Evolution of AGN Fueling Modes 
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X-ray Luminosity Distribution 



Host Morphologies 
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Visual Classifications 



Mass-Matched Control Sample 



Classification Results 



AGN Still Favor Spheroids 

All Disks

Control
AGN

Pure Disks Disk + Spheroid
(Disk with Bulge)

Pure Spheroids

All Spheroids



Standard Caveats 
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Morphologies of Compton Thick AGN 



Constraints on Time Delay Caveat 
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Implications for AGN Fueling Models 
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Alternatives to Mergers 
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Marcello Cacciato
Racah Institute of Physics, The Hebrew University, Jerusalem 91904, Israel.

Emanuele Daddi
CEA, IRFU, SAp, 91191 Gif-sur-Yvette, France.
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ABSTRACT

Disk galaxies at high redshift maintain high gas surface densities due to continuous feeding by
intense cold streams. This leads to violent gravitational instability involving transient features and
giant clumps, self-regulated at a Toomre stability parameterQ∼1. Torques between the perturbations
drive angular momentum out and mass in, and the inflow down the potential gradient provides the
energy for keeping strong turbulence at the Q ∼ 1 level while compensating for dissipative losses.
Using analytic estimates and simulations with parsec-scale resolution, we predict an average inflow
rate ∼ 10M! yr−1 through the disk of a gas-rich galaxy of 1011M! at z=2. The inflow rate scales
with disk mass and (1 + z)3/2. It includes clump migration and inflow of the smoother component,
and is valid even if clumps disrupt. This inflow is responsible for the growth of a bulge, while a
fraction >

∼10−3 of it needs to accrete onto a central black hole (BH) obeying the observed BH-bulge
relation. A galaxy of 1011M! at z∼2 is expected to host a BH of ∼108M!, accreting on average in
a sub-Eddington mode with moderate luminosity LX∼1042−43 erg s−1, but possibly accompanied by
bright Eddington-rate episodes. In rare massive galaxies at z∼6, the same process may feed ∼109M!

black holes at the Eddington rate from seeds at z >
∼10. The inflow also generates high gas column

densities that can severely obscure AGN in high-redshift disks.

Subject headings: galaxies: formation — galaxies: nuclei — galaxies: active — galaxies: high-redshift
— X-rays: galaxies

1. INTRODUCTION

The growth of massive black holes (BH) and the as-
sociated Active Galactic Nuclei (AGN) are commonly
assumed to be driven by gas inflows from galaxy
mergers (Di Matteo et al. 2005; Hopkins et al. 2006;
Marulli et al. 2008). However, theory and simulations
indicate that baryons are fed into high-redshift galax-
ies through cold streams, in which the contribution of
smooth gas and small clumps is larger than that of merg-
ers of mass ratio greater than 1:10 (Dekel et al. 2009a;

Brooks et al. 2009).
Cold accretion and high gas fractions in high-redshift

disks trigger a violent instability, often characterized
by giant star-forming clumps. Using analytic estimates
(Section 2) and simulations (Section 3), we here address
the possibility that the gas supply for BH and bulge
growth is provided by instability-driven inflows, and eval-
uate the obscuration of X-ray AGN in this model (Sec-
tion 4).

2. INFLOW IN HIGH-REDSHIFT UNSTABLE DISKS
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Clumpy Disks Among AGN Hosts 



Clumpy Disks Among AGN Hosts 



Clumpy Disks Among AGN Hosts 



Clumpy Disks Among AGN Hosts 



Alternatives to Mergers 
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Conclusions 
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