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AGN Feedback in Planck Selected Clusters
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AGN Feedback in Planck Selected Clusters

Looking for X-ray cavities

B 0.5-2.0keVimage
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AGN Feedback in Planck Selected Clusters
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Total detection fraction (CC+NCC): 17%
Detection fraction of the CC sub-sample: 40% (local galaxy clusters 20% —50%, Dong et al. 2010)

Detection fraction including all clusters and and consider detection only clusters
that have Cavsizes10kpc: 8%, close to the high-z SPT sample (7%, 0.3 <z < 1.2,
Hlavacek-Larrondo et al. 2015)



Calorimeters
tcav ~ 107 — 108 yr

Pcav = Ecav/tcav ~ 1042 — 1044 erg/s

Planck sample (Pcav)

Hlavacek et al. (2015)
Rafferty et al. (2006)
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ICM effect on the X-ray cavities

Cavities are found in clusters with various dynamical states (e.g., relaxed, mergers,
or sloshing)
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ICM effect on the X-ray cavities

Cavities are found in clusters with various dynamical states (e.g., relaxed, mergers,
or sloshing)
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ICM effect on the X-ray cavities

Cavities are found in clusters with various dynamical states (e.g., relaxed, mergers,
or sloshing)

Disturbed
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AGN Feedback in Planck Selected Clusters

ICM effect on the X-ray cavities
Cavities are found in clusters with various dynamical states (e.g., relaxed, mergers,

or sloshing)
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AGN Feedback in Planck Selected Clusters

ICM effect on the X-ray cavities

Disturbed clusters show asymmetric cavities

- ICM weather? (Simulations by Mendygral et 16
al. 2012)
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AGN Feedback in Planck Selected Clusters

ICM effect on the X-ray cavities

Disturbed clusters show asymmetric cavities
- ICM weather? (Simulations by Mendygral et
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AGN Feedback in Planck Selected Clusters

ICM effect on the X-ray cavities

Disturbed clusters show asymmetric cavities
- ICM weather? (Simulations by Mendygral et
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AGN Feedback in Planck Selected Clusters

ICM effect on the X-ray cavities

Disturbed clusters show asymmetric cavities
- ICM weather? (Simulations by Mendygral et

al. 2012)

Fabian et al. (2021)
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AGN Feedback in Planck Selected Clusters

Are AGN bubbles crucial in the precipitation process?
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B 11/11 clusters with “certain” cavities have cold gas

B 7/19 clusters with “potentia
(including one NCC)

cavities have cold gas

Bl 3/40 clusters without cavities have cold gas



AGN Feedback in Planck Selected Clusters

Are AGN bubbles crucial in the precipitation process?

G021.09 +33.25 G304.89 +45.45 G340.95+35.11 G209.56 — 36.49

Unsharp Chandra, MUSE Ha Chandra, MUSE Ha Unsharp Chandra, MUSE Ha Unsharp Chandra, MUSE Ha

G115.16 —72.09 G182.44 —28.29 G256.45—-65.71 G176.28 —35.05

Unsharp Chandra, MUSE Ha Unsharp Chandra, MUSE Ho Unsharp Chandra, MUSE Ho Unsharp Chandra, MUSE Ha

See also B. McNamara, H. Hu, Q. Yu
talks!




AGN Feedback in Planck Selected Clusters

Are AGN bubbles crucial in the precipitation process?

Uplifting mechanism likely the dominant
mechanism of filament formation

G021.09 +33.25 G304.89 +45.45

Unsharp Chandra, MUSE Ho Chandra, MUSE Ha

AGN feedback

(radio jet) /‘

-

Ha filament

Y/

G115.16 —72.09 G182.44 —28.29

Unsharp Chandra, MUSE Ha Unsharp Chandra, MUSE Ho

In 9/15 clusters, filaments spatially
correlate with the X-ray cavities

Revaz et al. (2008), Pope et al. (2010), Li et al. (2015,
2016, 2017), McNamara et al. (2016), Beckmann et al.
(2019), Qiu et al. (2020, 2021)



AGN Feedback in Planck Selected Clusters

Are AGN bubbles crucial in the precipitation process?

What about the rest of the cooling
G073.96 — 27.82 G266.84 + 25.07
Unsharp Chandra, MUSE He Wiharp Chandra) MUSE He f IOW CI USte rs?

B Another heating mechanism? (e.g.
sloshing (Markevitch et al. 2001; Ritchie
& Thomas 2002; ZuHone et al. 2010);
cluster mergers (Roettiger et al. 1997;
Gomez et al. 2002; ZuHone et al. 2010)

Bl Different timescales for dissipation of
G269.51 + 26.42 G303.75 + 33.65 X-ray cavities and the Halpha filaments?

Chandra, MUSE Ha Chandra, MUSE Ha

B A low number of counts?

Bl Projection effects?




Take home message

] The detection fraction of X-ray cavities is nearly the same across the
cosmic time, suggesting an involution of the AGN feedback cycle.

] Cavities are located in a large variety of dynamical state clusters, from
merging, sloshing to relaxed clusters.

] 1CM weather may affect the distribution and morphology of the X-ray
bubbles.

[JAGN feedback plays an important role in cold gas precipitation by
uplifting mechanisms and increasing the turbulence of the gas.
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