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Diffuse radio sources in galaxy clusters: 
radio halos and relics

[Reviews: Brunetti & Jones 14; van Weeren+ 19]
Radio + Optical + X-rays

Abell 2744
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[Credits: Pearce et al.; Bill Saxton, NRAO/AUI/NSF; Chandra; Subaru; ESO]

RH RR

host state disturbed disturbed

location centre outskirts

morphology roundish elongated

LLS (Mpc) 〜0.3–2 〜0.3–2

α 〜1–1.5 〜1–1.5

origin turbulence shocks



The Planck clusters in the LOFAR sky

ddddddPSZ2
[Planck coll. 16]

309 
Clusters

Check the project website!

LoTSS-DR2
[Shimwell+ 22]

Statistical study of mass-selected clusters
 to test theoretical models at low-𝜈

[Botteon+ 22; Bruno+ 23;  Zhang+ 23; Cassano+ 23; Cuciti+ 23; Jones+ 23]

[Botteon+ 22]

x  PSZ2 sample
x  This sample

What can we learn ? 

➔ Energy transfer mechanisms
➔ Origin of CR
➔ Cosmic magnetism
➔ Thermal/non-thermal interplay



Revived fossil radio sources

What can we learn ? 

➔ Energy transfer mechanisms
➔ Origin of CR
➔ Cosmic magnetism
➔ Thermal/non-thermal interplay

Not only RHs/RRs! 
Fossil components from radio galaxies can be also 

revived by shocks and turbulence →   
Radio phoenices and Gently Re-Energised Tails

RP in A85 [Raja+ 24]

GReET in A1033 [de Gasperin+ 17]

RP GReET

host state ? ?

location ? ?

morphology patchy/filamentary elongated

LLS (kpc) 〜100–500 〜100-500

α 〜1.5–3 〜1.5–3

origin shocks ? turbulence ?



The pilot sample from Planck/LoTSS-DR2

➢ 309 clusters → 92 without RR/RH in selected z-M
500

 ranges
➢ Visual inspection: irregular/filamentary sources → 7  targets
➢ Follow-up → uGMRT at 300-500 MHz 

[Botteon+ 22]

x  PSZ2 sample
x  This samplez ≤ 0.35

M
500

 ≤ 5x1014 M
☉

AIM
 spectral study at high resolution 

(< 50 kpc) for classification 

[Bruno+ 25]



➢ uniform α〜2.3
➢ no obvious host
➢ sign of reacceleration along filaments

G071: Candidate RP

 α profile along main filament  SB profile along main filament 



➢ α〜1.3, no gradients
➢ no obvious host
➢ similar to RP in G071
➢ no sign of reacceleration 

G113: Remnant radio galaxy



➢ Reg B → WAT with filament  
➢ Reg A → HT ?
➢ Sign of reacceleration for both regions

G137: No simple classification as RP/GReET
 

reg A

reg B

reg A

reg B

Filament



➢ Reg A → HT, standard spectral steepening 
➢ Reg B → remnant, α〜3 

G155: No sign of reacceleration 

reg A

reg B



Conclusions… 

❏ Ultra-steep spectrum emission in all targets  → effective morphological selection of fossils
❏ Avoid simplistic conclusions → ultra-steep spectrum source ≠ revived source
❏ High-resolution radio images → beware of misclassification    

Results

❏ Confirming reacceleration via X-ray data
❏ Additional radio follow-ups 

What’s next



Conclusions… and beginning of the SKA era

❏ Ultra-steep spectrum emission in all targets  → effective morphological selection of fossils
❏ Avoid simplistic conclusions → ultra-steep spectrum source ≠ revived source
❏ High-resolution radio images → beware of misclassification    

Results

➢ θ〜6”, σ〜20 μJy/b @150 MHz (T=8 h) 
x5 more sensitive than LOFAR 

➢ θ〜6”, σ〜5 μJy/b @300 MHz (T=6 h)  
x5 more sensitive than uGMRT 
(+ possibility of θ〜3”!)

        [based on Braun+ 19]

Take home messages

★ higher sensitivity → systematic search and detections 
★ similar/better θ → reduced misclassification
★ in-band capability → α with a single instrument

→ A bright future for science with revived fossil sources!  
SKA-LOW 50-350 MHz

Thanks for your attention!









reg A

reg B

reg C

reg D

reg E

A B C D E A B C D E ➢ Reg A+B → HT 
➢ Reg C+D: constant α〜3 and SB → 

G088: Candidate GReET
➢ Reg E → ? 



➢ Central NAT (twisting jets ?)
➢ Various diffuse steep-α components
➢ Fossil electrons spread by NAT + reacceleration ? 

G172: Uncertain origin 

NAT



➢ Similar structures at low resolution
➢ Different internal structures at high resolution
➢ α〜1.5

G165: Single/double remnant ? 

reg A

reg B








