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HOT HALO ASTROPHYSICS - MACRO

cool cores, conduction, turbulence, metals, thermodynamics
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ICM TURBULENCE - RADIO POWER
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AGN FEEDING AND FEEDBACK
UNIFICATION

T~y

outskirt hot halo

CCA = CHAOTIC COLD ACCRETION
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multiphase condensation cascade (“raining”)
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hard X-ray soft X-ray

Top-down multiphase condensation
(NGC 5044 - central massive galaxy):
ultra high-resolution (0.8 pc)

HD simulation

cold gas/molecular warm gas/neutral warm gas/ionized

L

radio optical /IR Uuv

Gaspari et al. 2017a -
Chaotic Cold Accretion



KINEMATIC TRACERS OF THE
MULTIPHASE CONDENSATION CASCADE

“shaken snow globes”

Gaspari et al. 2017b
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novel method to constrain turbulence in the warm phase
(X-ray spectroscopy very expensive and often unresolved)



KINEMATIC TRACERS:

Velocity dispersion in different phases compared with the turbulence driven in the hot plasma

_ short-term (100 Myr): ultra high-resolution (0.8 pc) CCA runs
Gaspari et al. 2017b
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KINEMATIC TRACERS:

observational tests

(massive galaxies in groups and clusters)

spectral line broadening = turbulent motions vs. line shift = bulk motions
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substantial line broadening and small scatter large line shifts and narrow broadening: accreting clouds

red points: ~80 systems (Ha+[NII], HI, CO, [CII] lines) — contours: simulation lognormal distributions
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KINEMATIC TRACERS:

key physically-motivated condensation criterium

&= tcool/teddy ~ 1

Gaspari et al. 2017b
CLUSTERS ! GROUPS
10° 10°
NCCs
= 10 } : = 10}
= -7 =
% o= S
T 103 b A o = 1031}
- - Har+{NII] filaments \ ; 10
= = ~ Ha+[NII] filaments
102 L condensation extent o 102 - e -
CCs condensation extent
101 3 — plasma cooling time |3 101 : — plasma cooling time [3
: — eddy gyration time |] i — eddy gyration time |
10 10° 10* 102 10° 10 10° 10* 102 10°
radius [kpc] radius [kpc]
plasma cooling time eddy gyration time
3kpT r2/311/3
tcool = Versus teddy = 2

free-fall time 1s secondary



30

25

20

15

10

(2]

AGN FEEDBACK:
MICRO SCALE - GR-RMHD SIMS
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General relativistic,
radiative, MHD sims

thick accretion flow and nearly null
BH spin (due to chaotic accretion)



UNIFYING THE MICRO AND
MACRO EFFICIENCY

MACRO Gaspari & Sadowski 2017
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UNIFYING THE MICRO AND
MACRO OUTFLOWS

Gaspari & Sadowski 2017
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AGN FEEDBACK UNIFICATION

MG+09,11a,b,12a
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MULTIPHASE AGN FEEDING & FEEDBACK

Linking the Micro to Macro Scales in Galaxies, Groups, and Clusters




