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Black holes (monsters) are
common In galactic centers
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Growing black holes—
active galactic nuclei (AGNSs)

Observation Artists’ view

Brandt & Alexander (2015)

Credit: EducatedEarth.net


http://educatedearth.net

Black-hole mass Is related to host
galaxy properties in local universe

Correlation Between Black Hole Mass
and Bulge Mass
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Black hole-galaxy coevolution®”

Credits: ESA/ATG Medialab
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Black-nole vs galaxy growtn
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BHAR-SFR relation: puzzling
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BHAR-SFR relation: puzzling
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A model to solve the puzzle

Advanced by Hickox et al. (2014), assumes:

1. Long-term average BHAR «SFR

2. Observed (instantaneous) BHAR variable
on<10 Myr; SFR~constant on 2100 Myr.



View from the model
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Instantaneous BHAR:
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Model assumptions”

1. Long-term average BHAR «SFR

2. Observed (INs

variab
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10 Myr; S

antaneous) BHAR

-R ~ constant on



Assumption 2: OK

~15 year AGN
X-ray variability

CDF-S@1999

Yang et al. (2016)



Assumption 2: OK

~15 year AGN
X-ray variability

CDF-S@1999

Yang et al. (2016)



Assumption 2: OK
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Assumption 2: OK

“normal” galaxy
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Model assumptions”

1. Long-term average BHAR «SFR

2. Observed (instantaneous) BHAR
variable on < 10 Myr; SFR ~ constant on
=z 100 Myr.




Assumption 1: 7?7
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Assumption 1
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SFR Or Mstar?

THE STAR-FORMING MAIN SEQUENCE AND OUTLIERS

 Complicated due gFRA
to star-formation
main seguence

(SFR“Mstar)
e Need to control ® . THE GREEN VALLEY
one variable while
studying the other

°R.ED AND DEAD GALAXIES

NOMBER OF EXISTING STARS

Mstar




Our data: CANDELS/GOODS-5

* Multiwavelength
coverage (UV to
mid-IR) by HST+VLT
+...

e 50 limit: H=28 mag

e ~35,000 galaxies In
170 arcmin?
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| SFR(R+UV)=33.8 Mg/yr
e Performed by | LTR)=10" 1

iIndependent groups
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Compared to FIR-based SFR

3.0

o (0.5<z<1.3 e

* 1.3<2<2.0 0.5 dex ,’*

* Roughly agree with
SFR from Far-IR

(Herschel)
e AGNSs do not have
biased SFR

log(SFR) (M., yr !, FIR)



Our data: 7 Ms CDF S

* 7 Ms (80 days!)
observations of
Chandra

e ~1000 X-ray
sources (mostly
AGNS)

e measure BHAR

.}, CANDELS/GOODS-S ¢

Luo et al. 2016



CDF-S: the deepest X-ray survey

X-ray source density ~ 50,000 deg=
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Vleasure BHAR

Detected Non-detected
(spectral fitting) (stacking) X-ray binaries
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1 —e)k L
(BHAR) = (L—€) 201( X) Sample-mean <BHAR>

- to approximate long-
3.53(Lx) Mg yr-! term average BHAR

~ 1045 erg s—1




Stacking

3/100 sec exposure

1/1000 sec exposure

Courtesy of Bret Lehmer

Stacked image of 30 candles with 1/ 1000
SEC exposure.

Effective stacked exposure of (30 x 1/ 1000
sec) = 3/ 100 sec.
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log({BHAR)) (M. yr ")

log({BHAR)) (M- yr )

BHAR vs SFR

previous
WOrk

|
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15 2.0

e <BHAR>-SFR
relation fitted well
by linear model
(slope=1) down to
SFR~0.1 Msun/yr

e Hickox’s model Is
correct?
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BHAR vs SFR
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e But for SFR-controlled
samples, massive
galaxies have higher



BHAR VS. Mstar
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. ~2| A SFR >med(SFR)
* <BHAR>-Mstar relation G|y smsmesen
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Quantitative Analyses
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Quantitative Analyses

Massive >
galaxies have =
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Monsters mostly grow In
massive Nosts!

 Black-hole growth is mainly linked to Mstar
rather than SFR

¢ <BHAR>/Mstar ~ 10_13 yl"1

e The observed <BHAR>-SFR relation is
Ikely a secondary effect



BHAR/SFR

<BHAR>/<SFR>
depends on Mstar

In massive
galaxies, black
holes accrete gas
more effectively
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Possible Causes

 Massive galaxies have deeper

gravitational potential wel

al. 2013; Dubois et al. 2015)

e Some low-mass galaxies might r

SMBHs at a
2015)

| (Volonteri 2010; Mil

(Bellovary et
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er et al.



Fraction of galaxies with black holes

BH occupation fraction
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SMG to Giant Elliptical

Credit: X-ray: NASA/CXC/IoA/D.Alexander et al.; lllustration: NASA/CXC/M.Weiss

MBH(t()) N (tz o to)BHAR
M, M,
~ 10 Gyr x 10713 yr~!

~ 1073, Credit: Wikipedia

(elliptical)




Star Forming Galaxies
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summary

* Observationally <BHAR> is proportional to both
SFR aﬂd Mstar

* |ntrinsically, <BHAR> is mainly linked to Mstar rather
than SFR.

* Massive galaxies have higher <BHAR>/<SFR>,
they grow their black hole more efticiently.



