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1.

AVOID

OVERCOOLING
&

OVERHEATING

(FOR SEVERAL GYR)



QUENCHING COOLING FLOWS

THEORY

Mreal ~ 1 — 10% MCF

OBSERVED

XMM-RGS
Peterson+2001,2003,2006
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3D AMR LARGE-SCALE
SIMULATIONS

Cluster — M, ~ 1 X 10%° M@ see Gaspari+2011a,b, 2012a,b
Group — M, ~4 X 1012 Mg
Elliptical — M, ~ 3 x 10 Mg

KEY PHYSICS - FLASH

3D gas dynamics: PPM (III order), max dx ~ 150 pc (range 104), t,,, ~ 7-10 Gyr
gravity: dark matter NFW halo + BCG galaxy + SMBH

radiative cooling: £ = —n.n;A(T, Z)

SNe and stellar winds (heating + metal pollution)

AGN feedback: mechanical outflows/jets (fiducial) or thermal blast (inconsistent)

Self-regulation: black hole cold accretion (fiducial) or hot Bondi (inconsistent)
1 2
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§mjetvjet — Pjet = € MyccC — Macc ~ cool



group NGC 5044
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2.

MECHANICAL OUTFLOWS
REPRODUCE KEY

FEEDBACK IMPRINTS
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SHOCKS

MS0735.6 cluster (McNamara-+2005)

0

Gaspari+2012b
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DRIVING TURBULENCE

18 12 -6 0 6 12 18

Gaspari+2012b

g, ~ 200 — 400 km s~}

Very similar range in observations, e.g.:
dePlaaet al. 2012, Sanders & Fabian 2012



3.

COLD GAS:
BY-PRODUCT
&

FUEL

MBH ™ Mcool



RESIDUAL COLD/WARM GAS
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Thermal Instability

SEE TALKS by Edge, McNamara, Werner
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3D AMR SMALL-SCALE
SIMULATIONS

Gaspari, Ruszkowski & Oh 2013

~10 million range: 50 kpc ---> 20 Rg

3D gas dynamics: unsplit PPM (III order)

gravity: dark matter halo (group) + BCG galaxy (NGC 5044) + SMBH (3x10° Mo)
radiative cooling: £ = —n.n;A(T, Z)

turbulence: subsonic (100s km s-1) - transonic ---> spectral OU forcing

heating (global thermal equilibrium): H ~ <£> (cf. McCourt+2012, Sharma+2012)

Wide range of situations: AGN feedback, SNe, mergers, galaxy motions, ...

future improvements: magnetic fields, cosmology, conduction



q.

CHAOTIC COLD ACCRETION

(TURBULENCE + COOLING + HEATING)



PURE HOT MODE (BONDI)
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TURBULENT HOT MODE
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PURE COLD MODE
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CHAOTIC

COLD ACCRETION

log T, TEMP - massw

normalized ACC. RATE
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Thermal Instability



CHAOTIC COLD ACCRETION
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Accretion driven by inelastic collisions: cloud-cloud and cloud-torus

Angular momentum cancellation

Extremely clumpy & turbulent torus (key for the AGN unification theory)

Cold clouds may form the BLR/NLR or HVC & induce large variations in L,cy

Deflection of jets /outflows & BH spin changes



S.

CHAOTIC COLD ACCRETION
DRIVES FEEDBACK:

Mg ~ 100 Mpondi



COLD VS HOT

ACCRETION
teool / e = 10 => condensation & TI *  trurb/tcool S 1 => turbulent heating
chaotic cold accretion stifled hot accretion
Mgy > M Bondi Mgy < Mpond;
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roughly flat Ty profile cuspy Tx profile



(CHAOTIC)
COLD FEEDBACK

MBH ~ Mcool

Fast communication time between the gas and the black hole

Tight symbiosis between the BH and the whole galaxy => Magorrian relation

Substantial accretion rates + recurrent cycle => etficient feedback

Simple yet powerful subgrid model for cosmological simulations, instead of
boosting the Bondi rate by the ad-hoc factor:

Oboost ~ 90 — 100



SELF-REGULATED AGN FEEDBACK

L>H
chaotic ===-- tcool / Hf = 10 <= turbulence > 100 km/s
COLD mode * clumpy torus & filaments (10 kpc)
(flat T profile) TT: cold clouds tight symbiosis BH - whole galaxy:
* (Magorrian relation)
chaotic collisions: M sy ~ 100 M Bondi ™~ . cool
. * gently quench the cooling flow
mechanical feedback =
* T~ bubbles, shocks, metal uplift,
additional turbulence
stifled ======- tcool / tee > 10 ; teool / trarb > 1
HOT mode v
(cuspy Tx profile) MBH << MBondi

v
L <H



