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What Might We Learn From BH-Host Correlations?
0T T T T 1 | | 3

10°

Tuesday, December 25, 12



10
109;_ Scatter in the mass |
| that "gets down f—
: tou MBH _-.-,—::‘ -
— 108:_ | l ‘ _
= | tScatter in MeH 264 -
= /
= 10° 7 ‘f
6 | |,’ BHs must
107 ¢ y
5 somehow
L self-reqgulate
1020V
109 109 1010 10!l 10!% 10!
Mouge [ Mo | PFH, Murray, & Thompson 2009

Tuesday, December 25, 12



PFH, Murray, & Thompson 2009
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Simplest Idea:
FEEDBACK ENERGY BALANCE (SILK & REES ‘98)

* Accretion disk radiates:
L =e¢, (dMgyp/dt)c® (e ~ 0.1)
* Total energy radiated (typical ~108 Mgun system)

~ 0.1 Mgy ¢ ~ 10" ergs

* Compare to gravitational binding energy of galaxy:

~ Mgz 0% ~ (10" Mgyy,) (200km/s)? ~ 10°? erg

* If only a few percent of the luminous energy coupled, it would unbind the baryons!

* Turn this around: if some fraction f ~ 1-5% of the luminosity can couple, then
accretion stops when

Mgy ~ (1/fe;) Mga1 (0/¢)? ~ 0.002 My,
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Implications for Fueling: “Feeding the Monster”
WHAT CAN BREAK DEGENERACIES IN FUELING MODELS?

If BHs trace spheroids, then
*most™ mass added 1n violent
events that also build bulges

"AE R

-

Quasar Host Galaxies HST « WFPC2

PRC96-35a + ST Scl OPO * November 19, 1966
J. Bahcall (Institute for Advanced Study), M. Disney (University of Wales) and NASA
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T= 0Myr Gas
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T= 0Myr Gas

\

Tidal torques = large, rapid gas inflows (e.g. Barnes & Hernquist 1991)
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T= 0Myr Gas
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T= 0Myr Gas

\

Triggers Starbursts (e.g. Mihos & Hernquist 1996)
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T= 0Myr Gas
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T= 0Myr Gas

\

Fuels Rapid BH Growth (e.g. D1 Matteo et al., PFH et al. 2005)
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T= 0Myr Gas
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T= 0Myr Gas

\

Feedback expels remaining gas, shutting down growth (more later...)
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T= 0Myr Gas
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T= 0Myr Gas

\

Merging stellar disks grow spheroid
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T= 0Myr Gas
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M-sigma Relation Suggests Self-Regulated BH Growth

PREVENTS RUNAWAY BLACK HOLE GROWTH
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Observations & Simulations Suggest this Simple Picture Works
MAKES UNIQUE PREDICTIONS:

* What is the “fundamental” correlation? Mgu-Ebinding : BH “fundamental plane” (PFH et al.)
* Different correlation for “classical” and “pseudobulges”
* Both tentatively observed (Aller & Richstone; Greene et al.; Hu; Gadotti et al.)
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- BH feedback self-regulates growth in ~fixed potential
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Observations & Simulations Suggest this Simple Picture Works

MAKES UNIQUE PREDICTIONS:

* Naturally predicts some evolution in BH-Host correlations:
* Hosts more gas rich/compact at high-z =» more “work” for the BH before self-regulation

1.0\ I'DFH, Mur'ray et al. '2009 K
S
mO
N
T ' Size evolution of

spheroid hosts
0.1 . : n :
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e “Catch up” via mergers
with late-forming spheroids
and gas-poor disks

DOES NOT mean that BHs
grew “before” their bulges

........................

in Mg,/M

host

PFH et al. 2006, 2007
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Of Course, Not Every AGN Needs a Merger
MORE QUIESCENT GROWTH MODES?

z~2 QSO: 101! Mgyn in <10pc in ~tdyn
Seyfert: only 1078 Mg ~ GMC
Minor mergers?

Secular instabilities/bars?

10101
0f =04 .
f,=0.6 ¢ MINOI mMergers
9
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10 A MR A Dubinski
® o R
= -*'“‘ O .
Sr” 103 ¥ '_..-"'L ,La‘ majOr
= 4 4 “ mergers If you don’t build massive bulges,
i - .A.. A doesn’t matter if you
10 i e i can get the gas in!
-
10 Younger et al. 2008
1014 10‘5 10‘6 10‘7 1018
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st ction 20% ‘Seyferts”

(disk-dominated,
secular/minor
mergers)

“Fading” Mergers
(post-starburst
spheroids)

“Dead” Bulges
(stellar wind/hot
gas halo accretion)

T =193 Gyr
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* Observed luminosity function: populations at different evolutionary stages
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Feedback Means that AGN Move
Non-Trivially Along the Luminosity Function...

Let’s look at this in detail
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Columns Evolve
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Quasar Lightcurves and Lifetimes

* Feedback determines the decay of the quasar light curve:

"3 No feedback (“plateau”) 3
-———

s 2L With feedbacfk ) § * Explosive blowout drives
S (power-law fall) : : -
£ -3 ; -y i power-law decay in L
4 4 e 7+ No Feedback:
© = - : 3
o 8 et “ e Runaway growth (exponential
v E1.E 3 light curve)
-2 ‘ ‘ * “Plateau” as run out of gas but
3E 3 can’t expel it (extended step
4k 1 function)
0.001 0.01 0.1 1.0

Time (tf = t't(l—peak)) [Gyr] PFH et al. 2006a
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This is Very General:
(EVEN THOUGH NOT ALL AGN ARE MERGER-DRIVEN)

Almost any (ex. radio) AGN

feedback will share key properties:

' '
Point-like 1000
E~Ebinding 104
Simple, analytic solutions: %3 102
L ~ (t/ tq)17lsh) % :
Agrees well with simulations! >
3 107}
=
Generalize to “Seyferts” 2
Disk-dominated galaxies with 10
bars i
Minor mergers 10°

0.5 1.0 1.5 :

- r
t tpeak [Gy ] PFH et al. 2006b ¢
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So What Is the “Quasar Lifetime”?

T=1.93 Gyr

que<iactiun 20%

wur-auior 0.250

»’AGN'CIéar'Iy spends’
less time here...

\l-.. than here

0.6 0.8 1.0 12 14 16 18 20
Time [Gyr]

* “Quasar Lifetime”: a conditional, luminosity-dependent distribution
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Directly Apparent in the Observed Eddington Ratio Distribution
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Directly Apparent in the Observed Eddington Ratio Distribution
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Directly Apparent in the Observed Eddington Ratio Distribution
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Directly Apparent in the Observed Eddington Ratio Distribution
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- transverse

- proximity effect
tepisodic ~ ttotal

log(L) [Arbitrary Units]

00 05 1.0 16 20 25 00 05 10 15 20 25
t [Gyr]

* Complimentary constraints from clustering (Meyers, Croom, Porciani, da Angela)

BHs gained their mass in just a couple of “major” events
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Where Does the Energy/Momentum Go?

T=0.4 Gyr/h T=0.5Gyr/h

-
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#l Compare: stellar winds over long timescales
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Feedback, you say? What can it do for me?

* Quasars were active/BHs formed when SF shut down...

PFH, Lidz, Coil, Myers, et al. 2007
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Quasar Outflows May Be Significant for the ICM & IGM
SHUT DOWN COOLING FOR ~ COUPLE GYR. PRE-HEATING?

Gas Density Gas Temperature
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Quasar Outflows May Be Significant for the ICM & IGM
SHUT DOWN COOLING FOR ~ COUPLE GYR. PRE-HEATING?
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Feedback-Driven Winds

e —y
+ X-Ray Emission /¢
METAL ENRICHMENT & BUILDING THE X-RAY HALO m black hel -
no blac 101€ :
L “iﬁ(‘: ‘, \ -'t
T= 500 Myr
H ’:/-'. .\1
: 1 .Z
| " | -.: PR || A
. r—— TR —
black hole &
$\
Tuesday, December 25, 12

3 Cox et al. 2005




A Caution:
THE SCALES AFFECTED BY THE AGN DEPEND ON THE FORM OF FEEDBACK

New simulations: feedback in form of pure momentum flux coupled on large

(100-500pc) scales —not so “point like” or “explosive” injection

BH growth self-regulates on

~kpc scales, but no galaxy
scale “blowout”

with Radiation Pressure

My [Mgyr™!)

Debubhr et al.
2009 (prep)

0.001 &
0 0.5 | 1.5 2 25
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A Caution:
THE SCALES AFFECTED BY THE AGN DEPEND ON THE FORM OF FEEDBACK

These are still toy models — almost certainly have “mixed” scenarios:

Hopkins & Elvis 2009

Incident

Quasar

Radiation
—_

Diffuse Outflow

Low-density Gas

Cloud is “too dense”: Stripping/mixing increases
resists radiation pressure cross section by factor
~50; now easily “blown out”

Hot outflow “pre-processes” cold clouds — makes them order-of-magnitude
more receptive to radiation flux

Enhance feedback efficiency by order-of-magnitude
(only need ~0.003 LQSO to couple); but will “look like” stellar winds
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A Caution: THE AGN DOESN’T ALWAYS WIN!
GaS'RICh (fgas ind 01)

Gas-Richer (fgas ~ 0.4)

stars gas

Tuesday, December 25, 12



Expulsion of Gas Turns off Star Formation
ENSURES ELLIPTICALS ARE SUFFICIENTLY “RED & DEAD™?
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. . PFH, Keres et al. 2008
Expulsion of Gas Turns off Star Formation

ENSURES ELLIPTICALS ARE SUFFICIENTLY “RED & DEAD”?

. but ...

No AGN Feedback With AGN Feedback

TTTTTTTTTYYTY

g

Y

SFR / SFRpeak

S
t - treak [Gyr]

... MOST of the work is still done by star formation/stellar feedback
- but over a longer period of time -
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) ) PFH, Cox et al. 2007
AGN or Starburst-Driven Winds?
WHICH ARE MORE IMPORTANT?
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) ) PFH, Cox et al. 2007
AGN or Starburst-Driven Winds?
WHICH ARE MORE IMPORTANT?

. Efficient star Inefficient star )
10 formation formation :
- —a~=° 1 |BHs
§ Dominate
E Feedback
eofl)
B
T
m
eo
Stars
10" ) Dominate
cdBIPT o pesosgss (2 ol SuoneGey e 9 Yoesuers Feedback
10!1 1012 1013 10!4

Halo Mass [Msun]

Tuesday, December 25, 12



PFH, Cox et al. 2007
AGN or Starburst-Driven Winds?

WHICH ARE MORE IMPORTANT?

Efficient star Inefficient star '
10° formation formation E
. ] |BHs
5 1 | Dominate
5 10 3 Feedback
e’
\ <
cog 10° ;
3 Stars
K ) Dominate
10 AR o o s 3 iares 3 Feedback

]T()‘ll “]tAolz “]t‘()lii ‘.i‘olA
Halo Mass [Msun] How is this inefficient star
formation *maintained*?

Tuesday, December 25, 12



“Transition” VS. “Maintenance”

Move mass from Blue to Red Keep it Red

Rapid Long-lived (~Hubble time)
Small scales Large (~halo) scales
“Quasar’ mode (high mdot) “‘Radio” mode (low mdot)
Morphological Transformation Subtle morphological change
Gas-rich/Dissipational Mergers Hot Halos & Dry Mergers

dt ~ 1010 yr

Proga et al.

Sijacki et al.

Reqgulates Black Hole Mass Regulates Galaxy Mass
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Maintenance Mode
IS IT ALSO “RADIO”-MODE?

* Know that (non-cooling flow) clusters do look “pre-heated”...
but we also see radio jets doing work:

* What 1s “typical”?

Fabian (Perseus Cluster)
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Maintenance Mode
IS IT ALSO “RADIO”-MODE?

* Know that (non-cooling flow) clusters do look “pre-heated”...

but we also see radio jets doing work:

Ho: P(radio) versus Eddington ratio:
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* Observational constraints on the power involved are leading the way
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Summary

Mzgm traces spheroid Ebinding
Suggests self-regulated BH growth
* You CAN’T build very big BHs without making bulges first

BHs “know more” about their hosts than the galaxy centers!
* Which mechanisms dominate BH feedback? When/where?

If self-regulated, this feedback may be radically important:
Heating gas, ejecting metals, shutting down SF
Self-regulated decay of QSO luminosity:
* Why are quasar lifetimes generically self-similar?
Where/what is the transition/maintenance mode role?
* Function of Eddington ratio? What does each “phase” do?

“Are AGN mergers?” is the wrong question (even in merger-driven models!)

Should ask: “Where (as a function of L, z, d) do mergers vs. secular
processes vs. relaxing/relaxed systems dominate the AGN population?”
Observations of small-scale clustering, host properties (SFH, morphologies, etc)

Tuesday, December 25, 12



