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SELF-REGULATED
AGN FEEDBACK

AMR zoom-in 3D simulations (FLASH)

FEEDING FEEDBACK
cold versus hot mode e amount of energy released
linking host scale to sub-pc scale e deposition of energy
beyond classic Bondi and thin disc e mechanical versus thermal
turbulence, cooling, heating, rotation: e bubbles, shocks, metal uplift,
chaotic cold accretion [CCA] turbulence, L,-Tx <---> observations

MG+2009-2015 sims
large scales: 100 pc --> 2 Mpc

galaxy cluster

MG+2013-2015 sims
galactic 52 kpc --> 20 Rs

10 million range

SELF-REGULATED LOOP
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HOT ACCRETION
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PURE COLD ACCRETION
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GLOBAL THERMAL EQUILIBRIUM

AGN outflow feedback: net heating deposition
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CHAOTIC COLD ACCRETION [CCA]
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MG+15
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CHAOTIC COLD ACCRETION [CCA]
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COLD

HOT

ACCRETION

teool / Ht < 10 => condensation & TI

chaotic cold accretion

Mgi ~ 100 MBond;

X-ray temperature
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e.g. NGC 3115 (Wong et al. 2014)

NGC 4261, 4472 (Humpbhrey et al. 2009)
M87 (Russell et al. 2015)

teool / He >=> 10 => overheated phase

stifled Bondi/hot accretion
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X-ray temperature
10° : :

ol \\\i‘? — /
Z '
_ 10 (:llfSI)jV'flﬂ)(:E)]:()filfe
105 L
10101 162 163 164 10°

Radius [pc]

e.g. NGC 4649 (Humphrey et al. 2008)
NGC 1332 (Humphrey et al. 2009)
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“RAINING ON TO BLACK HOLES”
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Highly clumpy & turbulent torus (key for AGN unification theory)
Cold clouds can form the BLR/NLR & induce rapid variability in L gy

Tight symbiosis between the BH and the whole galaxy: Mgy o< M.o1q o< M.

Fast communication time BH - galaxy and boosted accretion Mpyg ~ Mool :

CCA AS MAIN DRIVER OF AGN FEEDBACK
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galaxy group NGC 5044 MG+2012

AGN OUTFLOWS s e
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AGN IMPRINTS

cocoon shocks turbulence bubbles ~ 5-10 kpc metal uplift
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QUENCHING THE SOFT X-RAY SPECTRUM

MG 2015

isobaric CF

. . DISTRIBUTED HEATING
simulations:

-4 _ _ _ . . _ _ _
10 97 1.0

T/ ]jhot.

1. AGN outflows deposit relatively more heat in the inner cooler phase
2. turbulence becomes transonic in the cooler phase => stronger diffusion



SELF-REGULATED AGN FEEDBACK
L >H MG+2009 --> 2015

v

chaotic tcool /tf < 10 <= subsonic turbulence ~ 100 km/s
COLD mode
(flat Ty profile) * clumpy torus & filaments (< 10 kpc)
. .;—a .‘ 7.( . cg:‘. ’, e ; - =D extended TI (obs.: McDonald et al. 2011,2012, Werner et al. 2013, Wong et al. 2014)
' | ¢ ~~ tight and fast symbiosis BH - Mpulge

— bubbles, shocks, metal uplift

N chaotic collisions: : :
RN Tar< 1 Mg ~ 100 MBondi ~ Mcool
. * __» quench the cooling flow and SF
mechanical feedback

v

disc  ____._ Tat>1 ——> residual cold disc: M BH X Tat_l
COLD mOde ¢ (obs.: Young et al. 2011, Alatalo et al. 2013, Werner et al. 2013)
..... - teool/tf >>10 —> system overheated
. bs.: Humphrey et al. 2008, 2009
stifled R fobs Humphrey e )
HOT mode MBH < MBondi
(cuspy Tx profile) *

L <H



