
Early-type galaxies Active Galactic Nuclei AGN feedback Studying AGN feedback Homework

Conclusion

• relation between accretion power and jet power is apparent

– caused by underlying Pjet −M• correlation

• SMBHs are fed from thermally unstable atmospheres

– thermal state provides on/off switch

– Pjet scales with M•

• AGN feedback is probably not maintained thermodynamically

• discrepancy between radio lobes and X-ray cavities

• utilization of neural networks (CADET)

– finding new cavities - 5 newly found
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Homework

Estimate Pjet and PBondi in galaxy NGC4649

Example: MS0735, Credit: NRAO
25 / 28



Early-type galaxies Active Galactic Nuclei AGN feedback Studying AGN feedback Homework

Homework - equations

Jet power

H = pV
γ−1 + pV V = 4π

3 rlr
2
w

γ =

{
5/3...non-relativistic
4/3...relativistic

p = nkT

Pjet = H
tage tage = R

cs

Bondi power

rBondi =
GMBH
c2s

cs =
√
γkT/µmp

ṁBondi = πλρr2Bondics

µ ≈ 0.62 λ = 0.25

PBondi = ηṁBondic2

Pjet ≈ PBondi η =?
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Homework - data

• residual X-ray image (https://ds9.si.edu)

• VLA image

• density profile

• temperature profile

• SMBH mass (internet)

• distance & position of galaxy centre

(https://ned.ipac.caltech.edu/)
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Homework - steps

1) estimate & compare sizes of cavities and radio lobes in DS9
– for VLA data use 5×RMS error contours

2) calculate cavity volumes & galactocentric distances in kpc
3) estimate pressure around cavities & calculate their entropy H
– hint: use pressure at the distance of the cavity centre

4) calculate cavity ages and their cavity powers & sum them into Pjet
– compare jet powers from X-ray cavities and radio lobes

5) calculate cs in the centre & find SMBH mass on the internet

6) calculate Bondi radius & Bondi accretion rate

7) estimate efficiency η
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