- .' . -

B’ : -

b

.The relatlon between accretlon rauc'i(
_
“hole ma% and jet power in masswe :

early- type galaxies . ™

T. Pléek?, N. Werrierl, R. Grossova’, M. Tepinka®, A. Simionescu? and S. W. Allen’

* Department of'Theoretica’l Physics and Astrophysi.cs., Faculty of Science, Masaliyk University
2SRON Netherlands Institute for Space Research, The Netherlands
3Kayli Institute for Particle Astrophysics and Cosmology, Stanford University

X g . 5 : . * * e
CPB meeting 2022 = June 2 2022



Hot atmospheres el

¢ hot diffuse plasma
-n~10—" -1cm?

- T =~ 106 _ 108 K early-type galaxy

hot atmosphere

1/12



Hot atmospheres e

Mo, Bosch & White 2010

e hot diffuse plasma
-n~10>°—-1cm>3

- T~10%—- 108K

A [10%erg em® s1]

e cools radiatively

10* 10° 10° 107 10°

1/12



Hot atmospheres
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Hot atmospheres

| NGC 4472 e
e hot diffuse plasma ¢ _ 3 kT A
-n~10" -1cm™> 0ol = ZneniN(T.2) . 7
teool o< XL e
- T~ 105 108K cool X R s
e cools radiatively T °

e multiphase gas

- X-ray emission (blue)

- Ha filaments (red)

NGC5044, Credit: Werner et al. 2014 NGC1275, Credit: NASA, ESA 1/12



AGN feedback &

e supermassive black hole
- accretes ambient material
- rest mass — energy
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Bondi power to jet power correlation

Bondi accretion power
mBondi = 47TAp(GM.)2CS_3 —~ 104
o 2 o
Pgondi = 7MBondiC <
g
g
T
Jet power 3
4pV R
p..=2 ¢t =K
et ™ fge 7398 T g y 4 Allen 2006
1042k ! ! !
1 041 1 042 1 043 1 044

Jet power (ergs™!)

3/12



Bondi power to jet power correlation
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Spectral analysis -
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Spectral analysis -

102 NGC4649
e 20 early-type galaxies
- Bondiradius  rgongi = ZGC’SZW'
- radio lobes (VLA) + X-ray cavities e
L —— 10.7 arcsec
e deprojected spectra “ i
e spectral models (Xspec) I
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- powerlaw - = 1.9 )
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Thermodynamic profiles
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Thermodynamic profiles
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Cavity size estimation z

e Radio contours
- Very Large Array (VLA)
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Cavity size estimation z

e Radio contours
- Very Large Array (VLA)

e Residual X-ray images
- B-modeling of Chandra data
- single & double 5-model

e Neural network (CADET)
- raw X-ray images
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Cavity size estimation z
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CAvity DEtection Tool (CADET)

e artificial training data

- 300k images (50% cavities)

- beta model + ellipsoidal cavities
e CNN + DBSCAN

- Fort 2017 & Secka 2018
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CAvity DEtection Tool (CADET) Gager

e artificial training data

- 300k images (50% cavities) ..
- beta model + ellipsoidal cavities
e CNN + DBSCAN . 9

- Fort 2017 & Secka 2018

Pixel-wise
Input image detection

DBSCAN

Block 1
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Block 2
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Block 3
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Block 4
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32,32,16,8,4,2,1 - 32
Final block
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CAvity DEtection Tool (CADET) - results @
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Apparent Bondi to jet power correlation
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Apparent Bondi to jet power correlation \4
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Feeding from thermally unstable atmospheres \4
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Discrepancy between radio lobes & cavities z
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Discrepancy between radio lobes & cavities
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Discrepancy between radio lobes & cavities
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Conclusion i

e Bondi-to-jet power correlation

- caused by underlying Pjet — M, correlation

e SMBHs are fed from thermally unstable atmospheres
- thermal state provides on/off switch

- for unstable Pje; scales with M,
e discrepancy between lobes and cavities

e CNN for finding X-ray cavities (CADET)
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