Mapping the incidence and distribution of
AGN accretion across the galaxy population

James Aird
(Institute of Astronomy, University of Cambridge)

. . , - Take near-IR selected galaxy samples in
Alison Coil (UC San Diego) CANDELS and UltraVISTA fields

Antonis Georgakakis (MPE) - Use deep Chandra X-ray data to track

the distribution of BH accretion rates
within these galaxies as a function of
stellar mass, redshift, and galaxy type
(star-forming vs. quiescent)



» Are more AGN found in certain types of
galaxies?

» How rapidly are black holes growing in different
types of galaxies and at different cosmic times?

* |s there a connection between the incidence of
AGN and the transformation of the galaxy
population?



CANDELS/3D-HST and UltraVISTA galaxy samples

* Near-IR selected sample of
~120,000 galaxies from:

- CANDELS/3DHST fields

(GOODS-S, GOODS-N, AEGIS, COSMOS)
— low Mx high z

- UltraVISTA imaging of
COSMOS field

(larger area — higher My, lower z)

* Redshifts from: spec-z, 3DHST
grism redshifts, + high quality

galaxy and AGN photo-z
(Hsu et al. 2014; Nandra et al. 2015;

Marchesi et al. 2016)

» Stellar masses from SED fitting

of UV-optical-NIR SED
(FAST: Kriek et al. 2009)

Aird et al. 2016 (in prep.)
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The “transforming” galaxy population
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The “transforming” galaxy population
+ X-ray detected AG

N
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0.1 <z<05 0b<z<10 10<z<15 1.5 <z<?20
r— DL rrrrrrrreT rrrrrrrres UM rrrrrrrreT rrrrrrrres rrrrrrrree UM [rrrrrrres [rrrrrrree [rrrrrrres N I T I)O?él """"" T
— Star-forming | Star-forming } [ X >§>t<arsjorm|ng i I / Star-forming .
—~ 5 I\ N -,
> | ; (
/
® /
S o - { -
| S |
X | :
]
LL 2| ' N\ '
p) '
]
Quiescent ¢ Quiescent % ' Quiescent 1
%0'4....I ....... ?.I.—: ..... Les s a3 | I las s a3 33 Les s a3 Les s a3 33 | T NN laos s aaaa laos s aaaa | M I...: ..... laos s aaaa las s s |
—— 9 10 11 12 9 10 11 12 9 10 11 12

N log M./ M.,
“UV+IR” SFRs if detected at
MIPS 24um, otherwise based - two component (AGN+gal) to

on UV-to-NIR SED fitting == account for/remove AGN
contribution for X-ray sources



Issues when relating AGN to galaxy properties

1. AGN variability (short timescale relative to the host galaxy properties)
2. Mass-dependent selection biases
3. Depth/sensitivity of the data used to select AGN

4. Ratio of AGN light to host galaxy (star-formation) light

5. AGN obscuration



Issues when relating AGN to galaxy properties

1. AGN variability (short timescale relative to the host galaxy properties)

“ AGN don’t “know” about their host galaxies - remember the range of scales ”
Phil Hopkins



Issues when relating AGN to galaxy properties

1. AGN variability (short timescale

relative to the host galaxy properties)

“ AGN don’t ‘know’ about their host galaxies - remember the range of scales ”

AGN fueling is a stochastic
Process

Need to measure the R
distribution of AGN activity over =
large samples of galaxies witha = %1%
fixed range of properties E

% 0.0010
e.g. Aird et al. 2012 ——>
see also: Hickox et al. 2014, Chen et 0.0001 |

al. 2013, Bongiorno et al. 2012, Azadi
et al. 2015, Stanley et al. 2015
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Issues when relating AGN to galaxy properties

2. Mass-dependent selection biases



Issues when relating AGN to galaxy properties

2. Mass-dependent selection biases

It is generally harder to identify an AGN in a lower mass galaxy
as the same (specific) black hole accretion rate produces a
lower observed luminosity than in a higher mass galaxy



Issues when relating AGN to galaxy properties

2. Mass-dependent selection biases

It is generally harder to identify an AGN in a lower mass galaxy
as the same (specific) black hole accretion rate produces a
lower observed luminosity than in a higher mass galaxy

1x

)\SBHAR

X
specific black M ¥
hole accretion
rate ~ )\Edd

Eddington
ratio

(see Aird et al. 2012, 2013)




Issues when relating AGN to galaxy properties

3. Depth/sensitivity of the data used to select AGN



Issues when relating AGN to galaxy properties

3. Depth/sensitivity of the data used to select (X-ray) AGN

X-ray sensitivity varies substantially between fields and within
an individual deep Chandra field
.... but this is well-understood and can be characterized



Issues when relating AGN to galaxy properties

3. Depth/sensitivity of the data used to select (X-ray) AGN
| _GOGDS-S Chahdra‘ X-ray image . OODS-S Chandrz
A e e i sensitivity map




Issues when relating AGN to galaxy properties

3. Depth/sensitivity of the data used to select (X-ray) AGN
GOOPS—S Chah.drél X-ray image

.
* . €7
s




Issues when relating AGN to galaxy properties

Depth/sensitivity of the data used to select (X-ray) AGN

GOODS-S Chandra X-ray image
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Issues when relating AGN to galaxy properties

3. Depth/sensitivity of the data used to select (X-ray) AGN




Issues when relating AGN to galaxy properties

1. AGN variability (short timescale relative to the host galaxy properties)

2. Mass-dependent selection biases
3. Depth/sensitivity of the data used to select AGN

4. Ratio of AGN light to host galaxy (star-formation) light

X-ray emission from an AGN generally outshines
galactic X-ray emission....

but does set a limit on how low we can probe Iin
accretion rate



Issues when relating AGN to galaxy properties

1. AGN variability (short timescale relative to the host galaxy properties)

2. Mass-dependent selection biases

3. Depth/sensitivity of the data used to select AGN

4. Ratio of AGN light to host galaxy (star-formation) light

5. AGN obscuration



Issues when relating AGN to galaxy properties

5. AGN obscuration

Hard X-ray selection (2-7 keV, observed
frame) robust for unobscured to moderately
obscured AGN (up to Nu~1023-24 cm™2), but
will miss/underestimate Lx for Compton-thick
sources



Issues when relating AGN to galaxy properties

1. AGN variability (short timescale relative to the host galaxy properties)

3. Depth/sensitivity of \)@6
CO
o\ &

4. Ratio of ’i S° ’{\O(\ galaxy (star-formation) light
5@\60




Distributions of specific black hole accretion rates
as a function of stellar mass and redshift
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Distributions of specific black hole accretion rates
as a function of stellar mass and redshift
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Distributions of specific black hole accretion rates
as a function of stellar mass and redshift

10.0 < log& < 10.5
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Distributions of specific black hole accretion rates
as a function of stellar mass and redshift
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Distributions of specific black hole accretion rates
as a function of stellar mass and redshift
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Distributions of specific black hole accretion rates
as a function of stellar mass and redshift
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Distributions of specific black hole accretion rates
as a function of stellar mass and redshift
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Distributions of sSBHAR In star-forming vs.
quiescent galaxies
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a function of redshift
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Distributions of sBHA

a function of redshift
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Distributions of sSBHAR in star-forming galaxies as
a function of redshift
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Distributions of sSBHAR in star-forming galaxies as
a function of redshift
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Distributions of sSBHAR in star-forming galaxies as
a function of redshift
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Distributions of sSBHAR in star-forming galaxies as
a function of redshift
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Distributions of sSBHAR in star-forming galaxies as

a function of redshift
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Distributions of sSBHAR in star-forming galaxies as
a function of stellar mass
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Distributions of sSBHAR in star-forming galaxies as
a function of stellar mass
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Distributions of SBHAR In star-forming galaxies as
a function of stellar mass

0.5<z<1.0
1.05-

0.01F

_
/ —
// ’§
R,
: % —
3 e
A " o — /
1 O — /77 Lbee ——————— )%
3 T e —— s M
T = T —— - M -
=== S O,
= L
l - Y,
star-formin — =
-4 TN
1 O 3 TN

: i "’A 27
. = M,
: TSN < 10 g <
- o ‘A" ”" [] .
C s s mrs M
PP PPTTETTETY PP PP IS, AP PP <o 7 "or |

p(log A\sgrar | M., 2) [dex™]
§~§\k‘



Distributions of SBHAR In star-forming galaxies as
a function of stellar mass
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Distributions of sSBHAR in star-forming galaxies as
a function of stellar mass
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Distributions of sSBHAR in star-forming galaxies as
a function of stellar mass
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function of stellar mass
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Distributions of sSBHAR in quiescent galaxies as a
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galaxies as a function of stellar mass, redshift....

Distributions of sSBHAR in all/star-forming/quiescent
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Summarizing the distributions:
the duty cycle of AGN
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Summarizing the distributions:

the duty cycle of AGN
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The AGN duty cycle as a function of stellar mass
and redshift
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The AGN duty cycle in star-forming and quiescent
galaxies as a function of stellar mass and redshift
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Interpretation/conclusions

Star-forming galaxies
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Interpretation/conclusions

Star-forming galaxies
- Shift to higher accretion rates at higher z Star-formin

related to increased availability of cold gas? 1OO'OO§ """"" o S o r
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Interpretation/conclusions

Star-forming galaxies

- Shift to higher accretion rates at higher z
related to increased availability of cold gas?

- Reaches a maximum at ~Eddington limit?
BHs self-regulate own growth?
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Interpretation/conclusions

Star-forming galaxies
- Shift to higher accretion rates at higher z
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Interpretation/conclusions

Quiescent galaxies
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Interpretation/conclusions

Quiescent galaxies

- Generally contain weaker (lower sBHAR) AGN 100,00 I.(gng's.ggq't' ....... |
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Interpretation/conclusions

Quiescent galaxies

- Generally contain weaker (lower sBHAR) AGN 100,00 Quiescent
(at moderate to high Mx and z<2) o |

 As in SF galaxies, see a strong evolution to
higher sBHAR at higher z

Also related to increased gas availability? Or are we
seeing relic AGN activity in ‘recently’ quenched galaxies?
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Summary

Using large galaxy samples combined with deep X-ray surveys, we can trace
the distribution of black hole growth and unveil connections between the
incidence AGN and the properties of galaxies

Broad distribution of specific black hole accretion rates for a fixed galaxy
property (redshift, stellar mass, star-forming vs. quiescent), likely reflecting the
in variability of AGN fueling.

Distributions shift to higher accretion rates at higher z (but ~Eddington limited)
- related to increased availability of cold gas?

Complex, stellar-mass dependent evolution in star-forming galaxies.
-> Black holes in more massive star-forming galaxies are growing more rapidly
at higher redshifts - downsizing?

AGN in quiescent galaxies, generally have lower accretion rates/lower duty

cycle. Also evolve strongly with redshift.
- also related to increased gas availability at higher z? or relic population?



