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Gravitational Binding Energy

Pl ~ Mpc: Outer baryons
become less bound —

-

~pc: Cooling baryons o
become more bound |

Primary task of
AGN feedback:

Prevent
Overcooling!

... but how is the
BH aware of its
environment?
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CGM binding energy:

Ecom ~ kT (ﬁ)Mhalo/ ﬂmp>

For groups:
Ecgy ~ 10900 erg
EcgyHy ~ 109 ergs™!

(Elifting) > Leool

Heating exceeds cooling




AGN Feedback & CGM Lifting
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Puzzle: Strong Jets Bypass the Corona
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X-ray coronae manage to persist, while orders of magnitude more power passes through to the CGM



Puzzle: Strong Jets Bypass the Corona
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How do these systems self-regulate?

X-ray coronae manage to persist, while orders of magnitude more power passes through to the CGM



Puzzle: Quenching and Velocity Dispersion
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Quenching of central galaxies depends more directly on stellar velocity dispersion
than on anything else and is independent of My, at fixed 0!
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Hypothesis: Galactic potential well determines efficacy of AGN feedback




Radiative Cooling & SNIa Heating
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X-ray profiles of massive ellipticals bifurcate around locus of heating/cooling equality




Estimated Stellar Heating / Cooling

Radiative Cooling & SNIa Heating

Voit+20
100.00 © """ T o N A o N
B ox =1.0 (290 kms™) IF o, =05 (210 km s™) 3
i Greater 0,: steep dP/dr 1k Smaller 0,: shallower dP/dr| |
10.00 - ElS 3
1.00

Cooling is focused on center!

0.10 - L i
- EMNGC1399 (332 kms™) IE Y¢NGC6868 (252 km s™) - e . E
O NGC4649 (331 kms™) 1E v NGC5846 (237 km s7) Extended precipitation | 4
L % NGC4261 (297 km s™) 1} ANGC5813 (236 km s7) < Tikel ]
- @ NGC4472 (282 km s™) {F A NGC5044 (225 km s7) is like y .
[1NGC1407 (266 km s™) NGC 4261 V NGC4636 (200 km s™)
0-01* L oo | L L [ | | | | | O JHE I R | L Ll L L [ | |
0.1 1.0 10.0 0.1 1.0 10.0

r (kpc) r (kpc)

Fueling mode for AGN feedback depends on host galaxy properties!



The Feedback Valve Mechanism
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If radial profiles of density/pressure/entropy have a steep enough slope, then

Pcwm determines inner cooling-flow rate, forming a closed feedback loop




Simulations of the Mechanism

Single-phase elliptical
(like NGC 4472)
0,=280km/s

Feedback rapidly pushes galaxy
into a quasi-steady state with
HSNIa > Crad at ~1-5 kpc

Jet power exceeds SNIa power but
propagates into CGM and lifts it
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Simulations of the Mechanism

See Deovrat Prasad’s talk!

Multi-phase elliptical
(like NGC 5044)

0, =240 km/s

Feedback causes galaxy to
fluctuate in and out of states
with Hsnia ~ Crad at ~1-5 kpc

Episodes of high jet power subside
when CGM lifting lowers pressure
so that Hsnia ~ Crad at small radii
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Radio Power at 1.4 GHz (ergs™)

X-ray Coronae versus Classic Cool Cores
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In'?erred Kinetic Feedback P

Radjiative cooling exceeds
SNIa heating everywhere in a
high pressure halo

Valve mechanism suppressed
in classic cool cores

... but it might explain the
dichotomy between X-ray
coronae and classic cool cores



Testing the Predicted ax -0, Correlation
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CGM Structure & Regimes of Feedback
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Quenching & Regimes of Feedback
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Specific star-formation
rate (sSFR) is known to
anticorrelate with Mgy

Anticorrelation is
most pronounced in
precipitation regime

No correlation is
apparent in valve
rcgimc



Summary

e AGN feedback lifts the CGM on group scales Inner-outer
= MszH linked to CGM binding energy connection
° Stl‘OIlngtS b)/pdSS the ISM puzzles on
~kpc scales
* Quenching correlates best with 0, s
. alaxy properties
e SNIa heating can close the feedback loop . fe rmiz fingeriouter
m efficacy of AGN feedback depends on o, connection
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