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Hot atmospheres

• hot diffuse plasma

– n ≈ 10−5 − 1 cm−3

– T ≈ 106 − 108 K

• cools radiatively

• multiphase gas

– X-ray emission (blue)

– Hα filaments (red)
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Hot atmospheres
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AGN feedback

• supermassive black hole
– accretes ambient material

– rest mass→ energy

• EM radiation
– radiative (wind) mode

• relativistic particles = jets
– kinetic (radio-mechanical) mode

– regulates accretion

– prevents star formation
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Bondi power to jet power correlation

Bondi accretion power

ṁBondi = 4πλρ(GM•)
2c−3s

PBondi = ηṁBondic2

Jet power

Pjet =
4pV
tage tage = R

cs

1041 1042 1043 1044
Jet power (erg s−1)

1042

1043

1044

Bo
nd

ip
ow

er
(e
rg

s−
1 )

Allen 2006

3 / 12



Bondi power to jet power correlation

Bondi accretion power
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Spectral analysis

• 20 early-type galaxies
– Bondi radius rBondi = 2GM•

c2s
– radio lobes (VLA) + X-ray cavities

• deprojected spectra

• spectral models (Xspec)
– apec – kT , ne, Z

– powerlaw – Γ ≈ 1.9
– bremss – kT ≈ 7.3 keV
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Thermodynamic profiles
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Cavity size estimation

• Radio contours
– Very Large Array (VLA)

• Residual X-ray images
– β-modeling of Chandra data

– single & double β-model

• Neural network (CADET)
– raw X-ray images
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CAvity DEtection Tool (CADET)

• artificial training data
– 300k images (50% cavities)
– beta model + ellipsoidal cavities

• CNN + DBSCAN
– Fort 2017 & Secká 2018
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CAvity DEtection Tool (CADET) - results

15h01m15.0s 10.0s 05.0s

1°44'00"

43'00"

42'00"

41'00"

 

 

N1

SW1

N1

SW1

NE2

SW2

NGC 5813

10 kpc

55%

55%

90
% 99%

55%

90%

99
%

12h43m42.0s 40.0s 38.0s

11°33'30"

00"

32'30"

 

 

NE1

S1

NE1

S1

NGC 4649

1 kpc

55%
90

%99%

55%

90%

12h53m09.0s 06.0s 03.0s

-9°11'00"

12'00"

13'00"

 

 

SE1

N1

SE1

N1

S2

NE2

NGC 4778

10 kpc

55%

90%

99
%

55
%

90
%

99%

8 / 12



Apparent Bondi to jet power correlation
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Apparent Bondi to jet power correlation

PBondi ∝ M2• K−3/2

Pjet ∝ M 2.08±0.42
• Pjet ̸= f (K)
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Feeding from thermally unstable atmospheres
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Discrepancy between radio lobes & cavities
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Discrepancy between radio lobes & cavities
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Discrepancy between radio lobes & cavities
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Conclusion

• Bondi-to-jet power correlation

– caused by underlying Pjet −M• correlation

• SMBHs are fed from thermally unstable atmospheres

– thermal state provides on/off switch

– for unstable Pjet scales with M•

• discrepancy between lobes and cavities

• CNN for finding X-ray cavities (CADET)
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