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A WIDE RANGE OF SPATIAL SCALES! 
Sub-parsec - parsec - kpc - Mpc
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400 ks Chandra (X-ray)

We combine several radio telescopes!

AGN feedback in the remarkable cool core cluster RBS 797

400 ks Chandra (X-ray)

Ubertosi et al. 2021, 
2023b, 2024b
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JVLA S band

LOFAR 144 Int. St. JVLA C band

VLBA L band

e-MERLIN C band

Ubertosi et al. 2021, 2023b, 2024b

Complex precession 
+ reorientation

https://ui.adsabs.harvard.edu/abs/2021ApJ...923L..25U/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...944..216U/abstract
https://ui.adsabs.harvard.edu/abs/2024A&A...688A..86U/abstract
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X-ray cavities: 
30 ± 9 Myr

Shock front: 
33 ± 2 Myr

Timescales 
of  AGN 
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X-ray cavities: 
30 ± 9 Myr

Shock front: 
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 31 ± 7 Myr

32 ± 8 Myr

Timescales 
of  AGN 

Feedback

AGN Feedback in Galaxy Clusters 
Radio Observations of the Cool Core Cluster RBS 797

Chandra + JVLA

Ubertosi et al. 2021, 2023b, 2024b
tsynchro ∝

B0.5

(B2 + B2
CMB)

1
[νb × (1 + z)]0.5

https://ui.adsabs.harvard.edu/abs/2021ApJ...923L..25U/abstract
https://ui.adsabs.harvard.edu/abs/2023ApJ...944..216U/abstract
https://ui.adsabs.harvard.edu/abs/2024A&A...688A..86U/abstract
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Systems such as RBS 797 are not rare: 
*Krause+19: 70% of 3CR sample shows 

precession 
*Ubertosi+24a: 30% cluster central galaxies 

show >45° changes in jet axis 
*Horton+25: 28% of LoTSS radio galaxies 

show precession 
… they are just “expensive” for current 

radio telescopes!

RBS 797: Chandra + JVLA



AGN Feedback in Galaxy Clusters 
The SKA Perspective

Francesco Ubertosi - The Fifth National Workshop on the SKA Project

SKA-MID Surveys  
(Prandoni & Seymour 2015): 
1.3’’ - 0.03’’ resolution  

Sensitivity (1h): 1 - 4 Jy/beamμ

Systems such as RBS 797 are not rare: 
*Krause+19: 70% of 3CR sample shows 

precession 
*Ubertosi+24a: 30% cluster central galaxies 

show >45° changes in jet axis 
*Horton+25: 28% of LoTSS radio galaxies 

show precession 
… they are just “expensive” for current 

radio telescopes!

Gitti+submitted (SKA Chapter) 
a SKA-MID survey will detect every 
central radio galaxy of cool cores 
down to  W/Hz up to  

[  at ]
1023 z ∼ 2

> 103 − 104 z > 0.5

RBS 797: Chandra + JVLA
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RBS 797: Chandra + JVLA 3 GHz
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RBS 797: Chandra + JVLA 3 GHz + VLA 1.4 GHz Mini-halos 

diffuse synchro-sources, 
in cool core clusters, 

spectral index , α ≈ − 1
RMH ⪅ 300 kpc

Gitti+2006, Doria+2012, Bonafede+2023
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RBS 797: Chandra + JVLA 3 GHz + VLA 1.4 GHz

Less than 40 
confirmed cases 
(e.g., Giacintucci+2019, 

Trehaeven+2023, Kolokythas+2025)

Magnetic fields in 
relaxed clusters?

Role of  AGN 
feedback?

Mini-halos 

diffuse synchro-sources, 
in cool core clusters, 

spectral index , α ≈ − 1
RMH ⪅ 300 kpc

Gitti+2006, Doria+2012, Bonafede+2023
Origin of  relativistic 

electrons? 
MHs in low-mass 

clusters?
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RBS 797: Chandra + JVLA 3 GHz + VLA 1.4 GHz

Less than 40 
confirmed cases 
(e.g., Giacintucci+2019, 

Trehaeven+2023, Kolokythas+2025)

Magnetic fi


Role of  AGN 
feedback?

Mini-halos 

diffuse synchro-sources, 
in cool core clusters, 

spectral index , α ≈ − 1
RMH ⪅ 300 kpc

Gitti+2006, Doria+2012, Bonafede+2023
Origin of  relativistic 

electrons? 
MHs in low-mass 

clusters?

< 3 × 1014 M⊙

MIni-Halos in MIni-Clusters (MIMICs) 
project 

(Ubertosi, Giacintucci, Botteon+in prep.) 

MeerKAT + LOFAR + uGMRT observations of 
a sample of low-mass galaxy clusters 

Allocated 40 hours of MeerKAT L band 
observations in 2026 (PI: Ubertosi)
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Gitti+submitted  
(SKA Chapter) 

a SKA-MID survey will detect 
~3500 mini-halos, up to z = 1

Mini-halos 

diffuse synchro-sources, 
in cool core clusters, 

spectral index , α ≈ − 1
RMH ⪅ 300 kpc

Gitti+2006, Doria+2012, Bonafede+2023
MHs in low-mass 

clusters?
Origin of  relativistic 

electrons? 
Magnetic fields in 
relaxed clusters?

Role of  AGN 
feedback?
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Connecting the pc-kpc scales 
of AGN jets to understand 

feedback 

 SKA-MID/LOW + SKA-VLBI 
synergy

→

Understanding jet dynamics & 
isotropic heating of the ICM 

 SKA-MID surveys to image cluster-
central radio galaxies up to z~2 

→

Tracing particle re-acceleration & 
magnetic fields with mini-halos 

 SKA-MID/LOW surveys will improve 
MH statistics by a factor of 100!

→

The SKA View of Relaxed Galaxy Clusters 
Conclusions
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Ubertosi et al. (2024b)

NGC 5044

Aligned jets and 
X-ray cavities

Misaligned jets 
and X-ray cavities

O2

Chandra (residual image)

VLBA 5 GHz

radio jets in VLBA data and X-ray 
cavities in Chandra data

AGN Feedback in Galaxy Clusters 
Jet Reorientation in the Most Massive Galaxies
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Ubertosi et al. (2024b)

Chandra (residual image)

VLBA 5 GHz

16 cool core clusters & 
groups with VLBA & 

Chandra data
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Ubertosi et al. (2024b)

Chandra (residual image)

VLBA 5 GHz

16 cool core clusters & 
groups with VLBA & 

Chandra data

Abell 2390 ClG J1532+3021 4C+55.16 Abell 478

RX J1447.4+0827 Abell 1664 RXC J1558.3-1410 ZwCl 8276

Abell 496 ZwCl 235 Abell 2052 Abell 3581

NGC 6338 IC 1262 NGC 5098 NGC 5044

I1

O1

O2

I1

I2

I1

I2 I1

I2

I2

I1

I2

I1

O1

O2

I1

I1

I2

O1

I2

I1

O1

I1

I2

I2

I1

O1

O2
O1

I1

I2

I2

I1

O1

I1

I2

O1

I1

I2
I1I2

O2

O1

50’’ 20’’ 15’’ 25’’

10’’ 15’’ 30’’ 20’’

40’’ 15’’ 30’’ 45’’

50’’ 80’’ 10’’ 30’’

A
B

A

D

B

C

A

B

A
B

Abell 2390 ClG J1532+3021 4C+55.16 Abell 478

A

B

C
ABC

A

C

B
B A

C

Abell 496 ZwCl 235 Abell 2052 Abell 3581

A
B

C

A B

A

B

A

B

NGC 6338 IC 1262 NGC 5098 NGC 5044

A
B

A

B

C
A

B

C

A

B

RX J1447.4+0827 Abell 1664 RXC J1558.3-1410 ZwCl 8276

AGN Feedback in Galaxy Clusters 
Jet Reorientation in the Most Massive Galaxies

 
Jet reorientation is common!

fΔΨ > 45∘ = 30% − 38 %






ntot = 43
nΔΨ > 45 = 14

fΔΨ > 45 = 0.33






ntot = 27
nΔΨ > 45 = 9

fΔΨ > 45 = 0.3

Every jet-
cavity pair 
per system

Only those 
mainly in the 

plane of the sky
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Cao 2000

Ubertosi et al. (2024b)






ntot = 43
nΔΨ > 45 = 14

fΔΨ > 45 = 0.33






ntot = 27
nΔΨ > 45 = 9

fΔΨ > 45 = 0.3

Every jet-
cavity pair 
per system

Only those 
mainly in the 

plane of the sky

If jet reorientation was a 
random mechanism, we 
would expect a uniform 
distribution at ΔΨ > 45∘

The peak at 75° is 
significant at 98.4% 

confidence

Early works 
found similar 

results!

Wehrle et al. 
1996

Pearson & 
Readhead 1988

fΔΨ > 45∘ = 30% − 38 %
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AGN Feedback in Galaxy Clusters 
Radio Observations of the Cool Core Cluster RBS 797

Maps of radiative age

Hotspots:  

tage = 4.4 ± 0.5 Myr
Trailing plasma 

tage = 5.8 ± 0.3 Myr

Twisted morphology, 
multiple hotspots: 

precession signatures

tage δ tage

[Myr] [Myr]
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AGN Feedback in Galaxy Clusters 
Radio Observations of the Cool Core Cluster RBS 797

The detection of a single component 
in VLBI data is still consistent with the 

binary interpretation!

VLBA 5 GHz

25 pc

An order of magnitude 
smaller than our best VLBI 

resolution (5 pc)!

Binary separation from jet 
precession model: 

dsep ≲ 0.6 pc
e.g., Krause et al. (2019); Horton et al. (2020, 2023)
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Shock Fronts in the Cool Core Cluster RBS 797

Ubertosi et al. (2021b) and 
Ubertosi et al. (2023b) 

In RBS 797 there are 
three pairs of nested 
shock fronts centered 

on the AGN, with 
Mach numbers in the 
range  

 weak shocks driven 
by AGN jet expansion 

in the ICM

1.1 ≤ ℳ ≤ 1.2

→

Chandra

X-ray surface 
brightness 

profiles
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A connection between the shock 
fronts and the diffuse radio 

emission in the cluster?

The radio emission appears 
“caged” within the middle 

shock front

Chandra(residual) + VLA

Bonafede et al. (2023)
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Shocks-mini halo connection in RBS 797



Changing the Axis of AGN Relativisti Jets

Hydra A

Murgia et al. 2001 Liu et al. 2019

Jets from a single active SMBH

Some of these models require a 
secondary (inactive) binary SMBH

Hudson et al. 2006

Jets from binary 
active SMBH
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