FIRE ON ICE:

the complex relationship between
supermassive black hole feedback and

the cold and cooling gas 1 giant elliptical galaxies
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WHY DO GALAXIES OF DIFFERENT MASSES
FORM STARS AT DIFFERENT RATES?

ACDM haloes
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Globally, supermassive black holes

provide enough energy fo prevent
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EHT SMBH drives  VEA SMBH jots “pump”

radio lobes

which disturb and
heat the hot halo.

outburst

Cold gas clouds “rain” onto SMBH

driving next outburst
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How much cold gas is there in elliptical
galaxies, and how does the interaction with the
SMBH affect its mass?

How does the SMBH feedback engine “run”,
I.e. how do its various components
move and evolve in time?
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Thermal wnstabilities can promote localised cooling

Lo" . Pulido et al. 2018

(Phoenix Cluster; Russell et al. 2017)

teoot (YIr) [iInnermost region]

Along another part of the feedback loop, ~
most of the cold gas 15 destroyed ..

(Salome & Combes 2008; no molecular gas in M87) ) )
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Ounce thermal tnstabilities take
P(ac-e, coo“wg usua“y cascades
through all phases down to

molecular gas
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* CO(2-1) detected outside but wot inside AGN radio lobe
* Ha to CO ratio changes by a factor 5 across radio lobe edge
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WHAT DESTROYS (DISRUPTS?) THE MOLECULAR GAS IN M877?

*F! [! / . . / F F E [ [ . ! [ ?

* Does the relativistic plasma n the AGN radio lobe actively destroy the

molecular gas (2.9. maguetic reconnection)?

* Does the X-ray shock destroy the gas, but with a "Hme delay ?
(estimated time 2lapsed since shock passage: 1.1 Myr)

* Perhaps the molecular gas 15 ot destroyed at all but heated/excited?



WHAT ABOUT OTHER GALAXIES?

NGC1399

~

Herschel/PACS sample of optically and X-ray brightest giant
elliptical/SO galaxies within a distance ¢ 35 Mpc



How much cold gas is there, and
how does the interaction with
the SMBH affect its mass?

When the remaining amount of cold
gas is low (the “engine” is about to
switch itself off), various phases of
the atomic vs molecular gas may
decouple from each other.

teool (Y1) [INnermost region]
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How much cold gas is there in elliptical
galaxies, and how does the interaction with the
SMBH affect its mass?

How does the SMBH feedback engine “run”,
I.e. how do its various components
move and evolve in time?
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Li et al. 2020

Motions of warm gas are furbulent (not ballistic!)

There 15 a clear correlation between tnjection scale of turbulence

and size of AGN bubbles.
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How does the SMBH feedback engine
“run”, 1.e. how do its various components
move and evolve in time?

This part of the engine -

15 betng driven by
that moving part!



ENSEMBLE

The ensemble velocity dispersion s
expected to be tightly linked

befween all thermal phases
Gaspari et al. 2018
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60 arcsec (22 kpc)
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This part of the engine: - ~

‘15 betng driven by ++and 15 probably moving m sync
that part! with that part

'

but when the remaining amount of cold gas is low (Fhe “engine
is about Fo switch itself off), various phases of the atomic vs
molecular gas may actually decouple from each other.



Even though modern numerical simulations
can now produce realistic galaxies, their
predictions fFor the X-ray phase vary by
orders of magnitude for (* galaxies.

Understanding the AGN feedback engine
15 the key for resolving thus!

OVIl Emission [phot s™! cm™ ster-7

“EAGLE” simulation,
Schaye et al. 2014
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