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How do central galaxies become quiescent?
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How do central galaxies become quiescent?
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** For long term quiescence,
re-accretion must be prevented
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Halo gas

Accretion of cold
gas from gas halo
provides fuel for SF

Binney 1977, Silk 1977, White & Rees
1978, Fall & Efstathiou 1980, Katz &
Gunn 1991, Keres et al. 2005

SF is regulated by
via stellar feedback

Silk 2003, Springel & Hernquist 2003,
Stinson et al. 2006, Hopkins et al. 2011,
Hayward & Hopkins 2017
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the disruption of this
cycle of regulation
between gas
cooling and SF
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Observational
evidence of disruption?
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~ distance from SFMS
IVlhalo X Mgas EBH feedback 77MBHC2 ~ degree of quiescence

Total Cooling VS Heating =  Net cooling
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star

Bryan A. Terrazas BHs as the regulators of SF in central galaxies



0 Mgar? Ly (2MASS) ¥ maser Central galaxies only
o Mgy Dynamically detected : gf:s
(van den Bosch 16, Saglia+16) e reverb. Mapped 91 gaIaXieS
o SFR > Leg (IRAS) * MW
0 | Terrazgs et al. %O16b
% o T T
SN Y
e |z ofaasE + A
10 B -1z A4k AA?‘:‘A _ R * * _
Q ol L Mg
O = 05 s mo ns 2 A A
logyy M, [M:] +
B G- SRR SN ? A# # |
S oA N
(heating) @ | 4?‘ i A # .
f " - *ﬂ ‘Q
S | ¥ #
QT i A A& * |
E v maser ¥
®© v A gas W
: 6 _— stars A |
>, " %
Q 10.0 105 11.0 15 12.0
Stellar mass
(cooling)

Bryan A. Terrazas BHs as the regulators of SF in central galaxies



Terrazas et al. 2016b

N n : . ,
% T ooliwdy
S 10 ? N%"} 2 + A
'{"1 e A.?'A 4 4 ‘
o | ETTES w
O 2 e ! — A 4
£ 5 e ?‘ﬂ #
S s "
(heating) ®© ol *m JORN #
o] #VAA+
= ' + %
S 7l
s T
g 6| Y o
Q 10.0 10.5 11.0 115 12.0 ol
Stellar mass
(cooling)

Bryan A. Terrazas BHs as the regulators of SF in central galaxies



Terrazas et al. 2016b

11 ,
5 ? . |
o —11?:_. A
10f & % ‘“.3' |
7 Lk
g.L - ‘;

A
Iogm . 4 A ? #
- A -4‘ : #

(heating)

Dynamical black hole mass

: *'Aﬁ
oy e
il
10.0 10.5 11.0 11.5 12.0
Stellar mass
(cooling)

Bryan A. Terrazas BHs as the regulators of SF in central galaxies



Dynamical black hole mass
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What does this look like in models? = lllustrisTNG
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TNG requires low-

accretion rate BH

feedback produce
guiescence.

Halo gas is
retained, unlike In
original lllustris.

Dozens of model
variations that alter
the subgrid physics.
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What causes quiescence in TNG?

Galaxy 1 Galaxy 2 Galaxy 3

B Gas is bound & D BH feedback
n to galaxy unbinds gas
§e] . i
£ L € . 8 o.l
= 10 <
T o
m i

m LowKinEff B ]
0 TN I

~124 LowQuasEff E
E B | e
3 B
I LessBursty 1
m e
o ; ; ; ! ‘
cC -3 -2 -1 0 1 2
0 30 60 90 0 50 100 150 0 200 400 600 800 f EBH Winds dt / Eb|nd|ng
— increasing M, M,,;o, Mgy —
Quiescence occurs when:
. 3GM(<2re itati
BH wind energy = f EBH _ dt ( ) - (_3raIV|tat|onaI
winds 5(27‘8) binding energy

(Note: high-accretion rate quasar mode does very little to the galaxy’s SF in TNG)
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BH mass is the property

Onset of quiescence _ :
which determines

is too abrupt, winds Mgy, - M., relation is _
are too effective too tightsfr quiescence.

substantial scatter in
Quiescence observations - the_ Way_BHs popylate
correlates with BH galaxies will determine the
mass stellar mass distribution of

SF + Q galaxies.
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Halo gas retention

Better than lllustris, but kinetic winds
still throw gas out of the halo

Kinetic winds more effective at low
masses above the BH threshold mass
- can’t compete with halo’s
gravity at higher masses
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Some concluding thoughts:

« How do you suppress gas cooling while retaining the gas halo?
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Some concluding thoughts:
« How do you suppress gas cooling while retaining the gas halo?

A_re BH-dr.iven kinet_ic winds a > Kinetic vs thermal?
viable option for quiescence?
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Some concluding thoughts:
« How do you suppress gas cooling while retaining the gas halo?

A_re BH-dr.iven kinet_ic winds a > Kinetic vs thermal?
viable option for quiescence? Radio

z

* Quasar vs radio mode feedback dichotomy X-ray _
« Observational evidence for co-existence in the same galaxy
« Quasars observed to fuel outflows — yet are short lived — impact?

Wilkes+11

Bryan A. Terrazas BHs as the regulators of SF in central galaxies



Some concluding thoughts:
« How do you suppress gas cooling while retaining the gas halo?

A_re BH-dr.iven kinet_ic winds a > Kinetic vs thermal?
viable option for quiescence? Radio

z

* Quasar vs radio mode feedback dichotomy X-ray
« Observational evidence for co-existence in the same galaxy
« Quasars observed to fuel outflows — yet are short lived — impact?

Wilkes+11

11

T T T
Broad-line AGN (this work)

RGG118

* Mg-M, relation is too tight in models. Due to: - S . 3.:/}"
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the growth of the galaxy. g

« Models attempt to reproduce relation for
entire galaxy population based on

measurements for only ellipticals/early-types
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- Models are most interesting when they go wrong
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Terrazas et al. 2016b Terrazas et al. 2017
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Additional slides

Bryan A. Terrazas BHs as the regulators of SF in central galaxies



Effective, long-lived AGN feedback
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Changing the burstiness of kinetic winds

More bursty = less frequent, more powerful

Quiescence depends
on TNG’s ability to

throw gas out of not Lod ™ meto0
only the galaxy but " Fiducialtodel
. _— urs
also the entre halo | T MoreBursty
Fraction of
Kinetic winds most Completely
efficient in low mass quiescent

galaxies above the Mg,  9alaxies
threshold — less efficient
at higher masses

0.0 - Py
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What causes quiescence in TNG?
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(Note: high-accretion rate quasar mode does very little to the galaxy’s SF in TNG)
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Changing the thermal-kinetic mode threshold

from Melanie Habouzit’s talk
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Cumulative BH wind energy == f EBH winds dt ~

Average
gas density
within 2r,
Drastic decrease in
* with BH winds gas density,
Cooling cooling rate, and
o wi : Rate halo gas mass
without BH winds ot threshold |\/|BH
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Mgn
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Volonteri+15: Horizon-AGN

Observations Comparing with Models
R Effective, long-lived AGN feedback
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