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Redshift Evolution of AGN Fueling Modes

Mergers

I Secular

Processes
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Hopkins & Hernquist (2006)

* Two fueling modes: merger-driven accretion & stochastic accretion

* Frequency of merger-driven accretion evolves rapidly with redshift.
At z~2, mergers expected to be dominant fueling mode.



AGN Host Morphologies at z~2

Spheroids

* Most X-ray selected AGN
at z~2 are not found in

interacting galaxies.

* High disk fraction suggests
stochastic fueling more

important than predicted
by fueling models.

* In agreement with previous
results:

* Grogin ef al. (2005)
* Cisternas et al. (2011)
* Schawinski et al. (2011)
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New Constraints for AGN Fueling Models

Do We Expect Most AGN to Live in Disks?
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* High gas fractions at z~2 results in ubiquitous AGN activity in
undisturbed disk galaxies.

* Substantial merger-driven Black Hole growth still predicted.



Finding Obscured AGN via X-ray Spectroscopy

* Heavily obscured, Compton-thick
AGN can be identified using X-ray
spectroscopy.

% ‘Reflection dominated’ specitra
exhibit excess soft X-ray emission
and intense Iron Ka fluorescence line.
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* Deep Chandra observations allow
for detection of CT-AGN at high z.

Energy (keV)

== == Torus Emission
= == Scattered Emission
= Best-fit Total Emission

Photons em™ s™ keV™
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Brightman et al. (2014)



Host Morphology vs Obscuration

* Heavily obscured, Compton-thick
AGN identified by their ‘reflection
dominated’ X-ray spectra.

* Host Morphology Comparison (z~1):
* 121 Heavily Obscured AGN
with N, > 10 235 cm-2
X 279 Moderately Obscured AGN
with N, = 10 22-23-5 cm?2

* 281 Unobscured AGN
with N, < 10 22 cm?2
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Mergers Hidden by Obscuration?

Asym / Disturbed Fraction

Fraction (%)

Obscured

Moderatel

Unobscured Obscured Obscured
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Kocevski et al. (2014)

* Heavily obscured AGN are more
disturbed than their unobscured

o counterparts at fixed luminosity.
Unobscured
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Host Morphology vs Obscuration
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Mergers Hidden by Obscuratione
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* Excess of disturbed morphs vs
obscuration consistent with

evolutionary sequence.
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* Incompleteness at high obscuration
may explain lack of convincing

AGN-merger connection. Moderately  Heavily

Unobscured Obscured Obscured

Typical X-ray Heavily .ié N, (cm) #
Selected Obscured X-ray ; bl
AGN AGN Undetected Preterentially

Unobscured




WEFC3 Imaging of Obscured AGN at z~2

* Approved Cycle 22 program to obtain WFC3/F160W
imaging of 33 Compton-thick AGN at z~2.

* 25 orbits in GOODS-S, EGS, and COSMOS fields. All
pointings have existing ACS imaging.

GOODSS:
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What Triggers AGN Activity at z~2¢
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* High gas fractions at z~2 means
secular processes more important
than previously expected. High
disk fraction consistent with
updated fueling models.
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X Moderately  Heavily
* Heavily obscured AGN are more Unobscured  Obscured Obscured

disturbed than their unobscured
counterparts at fixed luminosity.

* Conclusion: Many luminous AGN
in disks + incompleteness at high
obscuration may explain lack of
convincing AGN-merger
connection at z~2.
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AGN at the Quenching Threshold

Size evolution at 5x10!° M,

* Quenched galaxies at z~2 are B e 76 he) o (ol

8.7 (1+z)7°7 (dotted)

substantially more compact than
present day counterparts.

Quenching pathway: galaxies need
to shrink in size and reduce their star
formation activity.

R/kpc = 4.8 h(z)~% (solid) %
6.1 (1+z)"148 (dotted)

CANDELS has identified the compact
star forming progenitors of the “Red -
Nugget” population: Barro et al. (2013) van der Wel et al. (2013)
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AGN at the Quenching Threshold

Size evolution at 5x10!° M,

Quench_ed galaxies at z~2 are ‘ o 2R/KpC = 7.6 h(z)7 (solid)
substantially more compact than e B7 (142)07 (dotied)
present day counterparts.

Quenching pathway: galaxies need
to shrink in size and reduce their star
formation activity.

R/kpc = 4.8 h(z)~% (solid) %
6.1 (1+z)"148 (dotted)

CANDELS has identified the compact
star forming progenitors of the “Red -
Nugget” population: Barro et al. (2013) van der Wel et al. (2013)
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Quenching Pathways at z~2
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Quenching Pathways at z~2

[ 14<2<26
- logM > 10
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Quenching Pathways at z~2

[ 14<2<26
- logM > 10
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Quenching Pathways at z~2

[ 14<2<26 " .,
L logM > 10 Red Nuggets
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Quenching Pathways at z~2

[ 14<2<26
- logM > 10
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Fast-Track Quenching
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Quenching Pathways at z~2

[ 14<2<26
- logM > 10
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AGN at the Quenching Threshold
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AGN at the Quenching Threshold

[ 14<2z<26 X-ray AGN [
- logM > 10

X-ray AGN
Fraction:
48%
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AGN at the Quenching Threshold

5 B e |

* Atlog M > 10, large fraction (48%)
of compact, star forming galaxies
host an X-ray luminous AGN.

log sSFR [Gyr ]

* First generation of quenched

galaxies emerged directly *H,gcsm‘?@"%w _
following a phase of rapid R |
BIOCK HOle grOWTh. ’ log)l.,[hiﬂokpc"sl

* Hints at possible role of AGN vy reAan g
feedback in the quenching | -
process.
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* Future Work: The UDS XVP Survey , i \{. .
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UDS XVP Survey

* Approved Cycle 16 Chandra X-ray Visionary Project
Pls: G. Hasinger, D. Kocevski

* 25 ACIS-I pointings covering 22'x22' SEDS area in UKIDSS/UDS

* 1.25 Msec total - average exposure of 700 ksec in CANDELS region.

CANDELS - WFC3 ===
SEDS - IRAC ===

XVP - ACIS X
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UDS XVP Survey

EGS 800 ksec
* XVP Science Goals:
* Nature of BH seeds at z~6-10 via
cross-correlating X-ray and IR
backgrounds.

[0.5-2] keVx4.5um

* Host properties of Compton-
thick AGN selected via spectral
modeling.

* Diffuse emission from z~1 clusters.
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* Olbservations start Fall 2014 100 1000

angular scale (arcsec)
Helgason et al. (2013)
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Summary

Asym / Disturbed Fraction

High disk fraction at z~2 consistent
with updated fueling models & high
gas fractions. (Hopkins et al. 2014).
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Increasing fraction of disturbed host

morphologies vs AGN obscuration

(Kocevski et al. 2014a). Moderately  Heavily
Unobscured Obscured Obscured

CANDELS has identified the 2

compact star forming progenitors —

of the first guenched galaxies faen<as | Xray AGN 00

(Barro et al. 2013). T

High fraction of AGN activity (48%)
detected along the fast-frack

quenching pathway at z~2
(Kocevski et al. 2014b).







