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* Highly complete!

N _ * Allows for long-term
Select galaxies A variability

N a particular range of
redshift, stellar mass etc.

Assumptions/caveats:
o All AGN are in galaxies...
e AGN can only add light
e.g. Near-IR selected galaxies from e Restricted to AGN in a
the CANDELS/3DHST survey particular sample of galaxies
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e.g. Near-IR selected galaxies from the CANDELS/3DHST survey

\/ Characterize the AGN

e l[uminosities/accretion rates
e fraction of galaxies where the central black
hole is growing at given accretion rate
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Select galaxies

in a particular range of
redshift, stellar mass etc.

e.g. Near-IR selected galaxies from the CANDELS/3DHST survey

Characterize the AGN

e

e.g. deep Chandra X-ray imaging (2-7keV)




Starting point:
Select galaxies from deep near-infrared imaging

Aird+2017b, arXiv:1705.01132
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(ultradeep WFC3 H-band
imaging)

+ UI’[raVISTA (deep Ks-band imaging over ~1.6 deg?)



Starting point:

Select galaxies from deep near-infrared imaging

ldentify ~120,000

galaxies out to z~4 .

Select complete

samples of galaxies % '°F

for a given range in
stellar mass and
redshift

e Stellar masses from SED

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

Aird+2017b, arXiv:1705.01132
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Extract Chandra X-ray data at the position

of every galaxy (Cbrs-4Ms, CDFN-2Ms, AEGIS 800ks, COSMOS 160ks)

Aird+2017b, arXiv:1705.01132
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e GOODS-N Chandra X-ray image




Extract Chandra X-ray data at the position

of every galaxy (Cbrs-4Ms, CDFN-2Ms, AEGIS 800ks, COSMOS 160ks)

Aird+2017b, arXiv:1705.01132
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Extract Chandra X-ray data at the position

of every galaxy (Cbrs-4Ms, CDFN-2Ms, AEGIS 800ks, COSMOS 160ks)

Aird+2017b, arXiv:1705.01132
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Extract Chandra X-ray data at the position

of every galaxy (Cbrs-4Ms, CDFN-2Ms, AEGIS 800ks, COSMOS 160ks)

Aird+2017b, arXiv:1705.01132
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The probabillity distribution of
specific Black Hole Accretion Rates

Aird+2017b, arXiv:1705.01132
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The probabillity distribution of
specific Black Hole Accretion Rates

Aird+2017b, arXiv:1705.01132
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The probabillity distribution of
specific Black Hole Accretion Rates

Aird+2017b, arXiv:1705.01132
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The probability distribution of
specific Black Hole Accretion Rates

Wy Aird+2017b, arXiv:1705.01132
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| Mg

Best estimate

10 - flexible Bayesian model

- hard (2-7keV) X-ray data

- uses data from every galaxy
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The probability distribution of
specific Black Hole Accretion Rates

Aird+2017b, arXiv:1705.01132
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The probability distribution of
specific Black Hole Accretion Rates

Aird+2017b, arXiv:1705.01132
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The probabillity distribution of
specific Black Hole Accretion Rates
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The probabillity distribution of
specific Black Hole Accretion Rates
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The probability distribution of
specific Black Hole Accretion Rates

Aird+2017b, arXiv:1705.01132
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Distributions of sSBHAR In star-forming vs.
quiescent galaxies

M Aird+2017b, arXiv:1705.01132
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Distributions of SBHAR In star-forming galaxies as
a function of redshift

M., Aird+2017b, arXiv:1705.01132
10.0 < log < 10.5
M(z)
1.0 T AR AR BARRRA ]
0.1F

0.1<z<0.5




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

M., Aird+2017b, arXiv:1705.01132
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Distributions of sSBHAR in star-forming galaxies as
a function of redshift
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Distributions of sBHA
a function of redshift

R In star-forming galaxies as

10.0 < log
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Distributions of sSBHAR in star-forming galaxies as
a function of redshift
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Aird+2017b, arXiv:1705.01132
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Distributions of sSBHAR in star-forming galaxies as
a function of stellar mass
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>

o, "OF

R 01f

*

e : —

<C 3

T 10°L

A :

’;D 04l star-forming

O —1 85 <logyr < 9.0
= -4 -3 -2 -1 0 1

log AsBHAR



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

05<7z<1.0 Aird+2017b, arXiv:1705.01132
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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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a function of stellar mass
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Distributions of sSBHAR in quiescent galaxies as a
function of stellar mass

05<7z<1.0 Aird+2017b, arXiv:1705.01132
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Distributions of sSBHAR in star-forming and quiescent

galaxies as a

function of stellar mass, redshift....

1705.01132

v

Aird+2017b, arX

<
<
Vv
N
Vv
<
™

Star-forming

2.5<z2<30

4
il
.“....‘:

o uh\
7 %&&
A

1.5<z2<20

1.0<z<15
05<z<1.0
0.1<z<0.5

Quiescent

i i
T
i
i )
W W
I \
(I /’w
w\\\@w\nuhww SR \\ \t
A
A N v—o_ !
l,l’ﬂ,.(«_«a%a,,,
Wt
Wi

i

/

/A

14 \\ \\.m.w Mﬂﬂ(r
\W 7l .m«.: \
7/ Nma...‘:...‘..%
Ay
Al
/: o w I

it

W
L

b\\
NN
AAILGLERINNANS

/

log AsprAR

Eddington ratio

fic Black Hole Accretion Rate ~

speci



Summarizing the distributions:

the duty cycle of AGN
1'—|4_' 10.0 < log/\'/\//:—; <105

Aird+2017b, arXiv:1705.01132
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Summarizing the distributions:

the duty cycle of AGN
:-ll_' 10.0 < logj\\/l/l—; < 10.5
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Summarizing the distributions:

the duty cycle of AGN

Wy Aird+2017b, arXiv:1705.01132
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The AGN duty cycle as a function of stellar mass
and redshift

Aird+2017b, arXiv:1705.01132
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Interpretation/conclusions

- Broad distribution of accretion rates
reflects variability, indicating stochastic
accretion of cold gas

» Suppression of low AssHar fuelling

events at lower Mx
harder to release angular momentum in lower
M galaxies? increased stellar feedback?

z~0.5

high M«

D(AsBHAR)

suppression of
low AsBHAR
fuelling events?

low M«

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 growth at high z?

z~2

10 0.01 1

>\sBHAR

1
104
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Interpretation/conclusions  Quiescent galaxies

« Generally contain weaker (lower AssHar) AGN than in SF galaxies (of

equivalent M and z) Suggests a different

* Decrease in duty cycle (shift to lower Assnar) at highest M physical mechanism
(e.g. stellar mass loss)
fuels AGN activity in
quiescent galaxies
compared to SF galaxies

» Evolves more rapidly with redshift (toward higher AssHar at higher 2)

- Ultimately limited by self-regulation, but at higher redshift (z>2)

Increasing fgas or
younger stellar
population?

moderate M«

lower fgas or
decrease in
stellar mass
less?

P(AsBHAR)

1 1 |
1 104 0.01 1

>\sBHAR >\sBHAR




Summary

- Use near-infrared (~stellar-mass) selected samples of galaxies combined with deep
Chandra X-ray data to measure the probability distribution function of AGN accretion
rates (and duty cycle) as a function of stellar mass and redshift

- Broad distribution of accretion rates for a fixed galaxy property
(redshift, stellar mass, star-forming vs. quiescent) reflecting variability

Star-forming galaxies
 Stellar-mass dependent p(AseHaAR) (suppression of low Asgrar for lower Mx galaxies)

+ Strong evolution with z, truncated at ~Eddington limit
=> self-regulation of BH growth at high z

AGN fueled by stochastic accretion of cold gas? '

Quiescent galaxies
 generally have lower accretion rates/lower duty cycle.

- Different stellar mass dependence, also evolve to higher AssHar at higher z

AGN fueled by stellar mass loss? '




Sketch summarizing results of Aird et al. 2017 (arXiv:1705.01132)
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high M x
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Summarizing the distributions:
the average accretion rate
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Summarizing the distributions:
the average accretion rate
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Summarizing the distributions:
the average accretion rate
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The average accretion rate as a function of stellar
mass and redshift
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Mass-independent p(A) 7

Aird+2012, PRIMUS survey (20,000 galaxies), 0.1 <z < 1.0

~1.0000

9.5 < log % < 10.0
®

10.0 < log % < 10.5
®

10.5 < log% < 11.0
®




Mass-independent p(A) 7

Aird+2017, CANDELS+UItraVISTA (120,000 galaxies to z~4)
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Star formation emission at low X-ray luminosities
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