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Early-type galaxies
e elliptical & lenticular galaxies P SnkT T
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Early-type galaxies

Abell 2597 ’ 'optical (stars)
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Radio-mechanical AGN feedback

e relativistic jets — radio lobes
- interact with hot gas

- inflate X-ray cavities

Cytjnus A. SN kR 'optical’(stars).
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Radio-mechanical AGN feedback

relativistic jets — radio lobes
- interact with hot gas

- inflate X-ray cavities

for older no radio counterpart

= ghost cavities

deposits £ on kpc—Mpc scale
- turbulent flows, bulk motions

- sound and shock waves

heats the galactic atmosphere
- prevents star formation

- regulates further accretion
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Radio-mechanical AGN feedback Loop

gas cools

J.‘f“‘”. > !
.Q"' K~ g

4/14



AGN feedback
ocooe

Radio-mechanical AGN feedback Loop

@5

J.’:“%, > !
.Q*’ K~ g

4/14



AGN feedback
ocooe

Radio-mechanical AGN feedback Loop

) - (i)

J.’:“%, > !
.Q*’ K~ g

4/14



AGN feedback
ocooe

Radio-mechanical AGN feedback Loop

> S > (e,

s fﬂ%. ~ |
QQ*. L g

4/14



AGN feedback
ocooe

Radio-mechanical AGN feedback Loop

 (EEwS) — (eres)~,
(i)

s f“%. ~ |
cQ*. L g

4/14



AGN feedback
ocooe

Radio-mechanical AGN feedback Loop

 (EEwS) — (eres)~,

/\ Gnactive jets) < |no accretion) </

5 ~ |

.
.Q"‘ K~ O
o’

L

4/14



AGN feedback
ocooe

Radio-mechanical AGN feedback Loop

hot atmosphere
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Studying AGN feedback with X-ray cavities

NGC5813

Credit: Randall et al. 2015
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Studying AGN feedback with X-ray cavities

NGC5813

Credit: Randall et al. 2015
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Studying AGN feedback with X-ray cavities
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Broad range of jet powers

MS 0735.6+7421

NGC1275

NGC 5813

-

galaxies/groups brightest cluster galaxies galaxy clusters
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Pitfalls of visual detection

NGC5813

7/14



X-ray cavities
0000

Pitfalls of visual detection

NGC5813

7/14



X-ray cavities
0000

Pitfalls of visual detection

NGC5813

7/14



X-ray cavities
0000

Pitfalls of visual detection

NGC5813

7/14



X-ray cavities
0000

Pitfalls of visual detection

NGC5813




X-ray cavities
0000

Pitfalls of visual detection

NGC5813




X-ray cavities
oooe

Cavity Detection Tool (CADET)

github.com/tomasplsek/CADET

.

e mock training data
- 3D B-models
- ellipsoidal cavities (50%)
- 500k training images

Pl3ek et al. 2024 (doi.org/10.1093/mnras/stad3371) 8/14
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Cavity Detection Tool (CADET)

github.com/tomasplsek/CADET

e mock training data
- 3D B-models
- ellipsoidal cavities (50%)
- 500k training images
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Correlation with Bondi accretion power

1 kpc

12"25M08.0°
ot Lo (o TN

Galaxy Alternative D B B
name  (Mpo) (pe) ()
1C4296 Abell 3565 49.0 700  0.29
NGC1399 Fornax c. 211 380 024
NGC 1407 25.1 164.0 13
NGC 1600 637 5390 1.7
] NGC 4261 324 81.0 052
12°54'00" NGC 4472 M49 165 1060 13
NGC 4486 M87 165 2080 26
NGC4636 147 350 049
NGC 4649 Mé60 165 1220 15
NGC5813 322 400 026
NGC 5846 249 480 035
NGC507 64.6 86.0 028
NGC708 Abell 262 62.8 170  0.056
NGC1316 Fornax A 227 8.0 0.077
NGC 4374 M84 16.5 62.0 077
NGC4552 M89 165 140 018
NGC4696 Centaurusc. 425 360 017
NGC4778 HCG 62 66.2 39.0 012
NGC5044 322 100  0.065
NGC6166  Abell 2199  125.0  63.0 0.1

Plsek et al. 2022 (doi.org/10.1093/mnras/stac2770)
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Correlation with Bondi accretion power

Bondi accretion

GM.
B = —=*
B a
Mr = 2
B=TpCslg

PB ~ 0.1 ﬁ'lB C2

Galaxy Alternative D B B
name Mpe)  (po) (1)
1C4296 Abell 3565 49.0 700 029
NGC1399 Fornax c. 21.1 380 024
NGC 1407 251 164.0 13
NGC 1600 63.7  539.0 17
NGC 4261 324 81.0 052
NGC 4472 M49 165  106.0 13
NGC 4486 M87 165 2080 26
NGC 4636 14.7 350 049
NGC 4649 M60 165 1220 15
NGC5813 322 400 026
NGC 5846 249 48.0 035
NGC507 64.6 860 0.28
NGC708 Abell 262 62.8 17.0  0.056
NGC1316 Fornax A 227 8.0 0.077
NGC 4374 Ms84 16.5 620 0.77
NGC 4552 M89 16.5 140 018
NGC4696 Centaurusc. 425 360 017
NGC4778 HCG 62 66.2 390 012
NGC 5044 322 100 0.065
NGC6166  Abell 2199 1250  63.0 0.1

Plsek et al. 2022 (doi.org/10.1093/mnras/stac2770)
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Correlation with Bondi accretion power

Bondi accretion

GM.
B = —=*
B a
Mr = 2
B=TpCslg

PB ~ 0.1 ﬁ'lB C2

Plsek et al. 2022 (doi.org/10.1093/mnras/stac2770)

Chandra ~ 0.5 arcsec

Galaxy Alternative D B B
name Mpe)  (po) | ()
1C4296 Abell 3565 49.0 700 | 0.29
NGC1399 Fornax c. 21.1 380 | 0.24
NGC 1407 251 164.0 13
NGC 1600 63.7  539.0 17
NGC 4261 324 81.0 | 0.52
NGC 4472 M49 165  106.0 13
NGC 4486 M87 165 2080 | 26
NGC 4636 14.7 350 | 0.49
NGC 4649 M60 165 1220 15
NGC5813 322 400 | 0.26
NGC 5846 249 48.0 | 0.35
NGC507 64.6 86.0 | 0.28
NGC708 Abell 262 62.8 17.0 |0.056
NGC1316 Fornax A 227 8.0 0.077
NGC 4374 Ms84 16.5 620 | 0.77
NGC 4552 M89 16.5 14.0 | 0.18
NGC4696 Centaurusc. 425 36.0 | 0.17
NGC4778 HCG 62 66.2 39.0 | 0.12
NGC 5044 322 100 |0.065
NGC6166  Abell 2199 1250  63.0 0.1
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Correlation with Bondi accretion power

Bondi accretion
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Correlation with Bondi accretion power
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Correlation with Bondi
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Underlying dependence on SMBH mass
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Lack of balance between heating and cooling?

Correlation with Bondi
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Lack of balance between heating and cooling?
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Extending the sample
®00

Extending the sample

e archival Chandra data

307 galaxies

e objects with known cavities 20 clusters
- no strict selection criteria 101
- not a duty cycle study .

e planned:
1000 §

- 100 early-type galaxies
+ 60 galaxy clusters

distance (Mpc)

1004 D
°

e currently analyzed: oﬁ"’
~ 50 early-type galaxies 0" X

— 80 X-ray cavities (CADET)
+ thermodynamic profiles

T T T T
0.001 0.01 0.1 1
redshift
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Extending the sample
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Preliminary results
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Preliminary results

Extending the sample
(o] le}

— this work
---- PlSek 2022
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AGN feedback X-ray cavities Correlation with Bondi

Extending the sample
0000 0000 [e]e]e} oeo

Preliminary results

projection effects?
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Extending the sample
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Future work

e enlarge the sample (= 160 sources)

- suggestions or cavity candidates?

e probe other properties
- kT, Msqq, Ly, K, thermal state of atmosphere (Ha)

- LagN, galaxy morphology?

e large X-ray cavity sample statistics
- general characteristics
- cavity flattening, positional/rotational angles

- jet precession (on big timescales)?
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