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Observational Milestones: GCs branch in 2 populations in radio 	

Chandra X-ray data of clusters belonging to the GRHS allow to 
measure the degree of cluster disturbance =>	
RH are always found in merging clusters, while most of the clusters 
without RH are dynamically “relaxed”	
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Cassano et al. 2010 

The GMRT RH Survey (GRHS, Venturi et al.07,08), deep radio observations 
of ~50 X-ray luminous galaxy clusters (Lx> 5×1044 erg/s) with z=0.2-0.4 
provided the first statistical evidence that RHs are not ubiquitous in 
clusters: ~30-40% of X-ray luminous clusters host a RH 
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The prevalent current view is that RH trace turbulent regions in the ICM 
where particles are trapped and accelerated during mergers (e.g. Brunetti 
& Jones 2014, for a review)	

Merger Energy ≈  

RH are a crossroad between astrophysics and cosmology as they probe 
the dissipation of the gravitational energy in dark-matter driven 
mergers into small-scale plasma astrophysical processes	

Alternative models (e.g., hadronic models) are presently disfavoured by: 

-  non-detection of galaxy clusters in the gamma-rays (by FERMI; Jeltema & 
Profumo 11, Brunetti et al. 12, Ackermann et al. 13)	

-  existence of RH with ultra-steep spectra (e.g. Brunetti et al. 2008)	
-  not a natural explanation of the RH-merger connection (see hw Ensslin et al. 2012) 



Basic theoretical expectations	
The image cannot be displayed. Your computer may not have enough memory to open the image, or the image may have been corrupted. 
Restart your computer, and then open the file again. If the red x still appears, you may have to delete the image and then insert it again.

Big jumps = major mergers 

Small jumps = minor mergers 
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Radio Halos with very steep 
spectrum in the classical radio 
band must exist (Cassano et al.06)	
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Steepening frequency	

Χ≈1/τacc
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★ RH absent in relaxed systems =>  
possibility of off-state hadronic 
halos?	

RH common in massive-merging GCs	
RH rare in less massive-merging GC	

★ 
★ 

Formation History of GCs	

νoss~ 120 MHz 

A521, Brunetti et al. 2008, Nature,455, 944 

RH with very steep spectrum exist! 



  HALOS FROM THE 
LITERATURE   

 CLUSTERS FROM THE 
GMRT SAMPLE (HALOS
+UL) 

 ULTRA STEEP 
SPECTRUM RADIO HALOS 
(USSRH) 

95% Cassano et al. 13 

L1.4∝Y5002.05±0.28  
Y500 = 6x10-5 Mpc2 

-  First results, based on the Planck Early SZ catalogue (ESZ) (first year 
data), found a correlation between P1.4 and YSZ, but no strong indication 
for bimodality (Basu 2012).	

Radio Halos in SZ selected clusters 	
- Cluster mass (gravitational energy) plays a crucial role in the 
formation of RH                                                          
- Planck allows to investigate RH in SZ-selected clusters, which are 
almost mass-selected (Y500-M500 correlation, e.g.; Motl et al.05; Nagai 06).    	
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-  More recent results based on the Planck SZ catalogue (PSZ, Planck Coll. 
2013; ~6 times the size of the ESZ) which is 80% complete for M500>6x1014M⊙ 
at z~0.2-0.35, confirm the scaling L1.4∝Y5002 and discover a bimodal split 
between RH and non-RH GC (Cassano et al. 2013) 



The Radio-SZ correlation and bi-modality	
Cassano et al.2013	

DA2YSZ=6.510-5 Mpc2 
“relaxed” 

“merging”  95% 



The Radio-SZ correlation and bi-modality	

95% 

Cassano et al.2013	
DA2YSZ=1.310-4 Mpc2 

“relaxed” 

“merging”  

Almost all massive clusters (M500>81014M⁄) in the sample are merging 
and have a RH    	
This is a possible cosmological effect: the most massive systems in 
our sample are close to their formation epoch (Giocoli et al.07,12) 

★ 

★ 



The Radio-SZ correlation and bi-modality	

95% 

Cassano et al.2013	
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Evidence of a possible drop of fRH towards smaller systems =>     
warnings due to incompleteness (future studies are necessary for a 
conclusive test) 	
Such a drop is expected by models 	
Constraining the drop is crucial to make correct expectations for 
future/deeper surveys, because less massive systems are also more 
numerous	

★ 



Occurrence of RH in mass-selected galaxy clusters	

95% 

See Poster by V.Cuciti for details	
A complementary test for the presence of the drop:                        
- mass-selected clusters with M500>61014M⊙                                       
- EGRHS (for 0.2<z<0.33) and NVSS + literature (for low z).                
- sample 60% complete 	

We find a drop of the fraction of clusters with RH, fRH, for masses 
M500<81014M⊙, with fRH ~70-80% for M>81014M⊙ and fRH ~30% for M<81014M⊙. This 
is consistent with models.  
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Future observations, with LOFAR and SKA1, could probe the drop of fRH in 
very smaller systems, down to M500~1014M⊙, where models predicts a strong 
drop of the fraction of clusters with giant RH. 
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KAT-7 observations 
of clusters with 
M500>41014M⊙ in 
z<0.1 clusters	



Expectations for future radio surveys	
Radio halos generated via turbulent re-
acceleration	
“Off-state’’ halos generated by 
secondaries in more relaxed clusters	

EMU+WODAN (θb≈25”) 

“turbulent” 
halos 

“off-state” halos 

z

“off-state” 

Cassano et al. 2012	

EMU+WODAN:  
>200 RH at 
z<0.6, 
increasing 
by at least 
1 order of 
magnitude 
the number 
of known 
giant RH	

turbulent 
halos only 

Cassano et al. 2012	

νoss~ 1 GHz 



Expectations for future radio surveys	
The population of Radio Halos is 
expected to change with the frequency of 
observations 	
USSRH should become visible at low ν	

“off-state” 

The Tier 1 LOFAR: 150 MHz,0.1 mJy/beam: 
~400 RH at z<0.6, 4-5 times larger than 
ASKAM(EMU) or WODAN, mainly due to the 
presence of USSRH	

“turbulent” halos 

“off-state” halos 

νoss~ 120 MHz 

 APERTIF (WODAN) 

ASKAP (EMU)  ~1GHz 

 LOFAR (120 MHz) 



νs > 120 MHz 

Expectations for future radio surveys	

Planck (SZ-clusters) 

SKA1-low surveys (120-150 MHz, rms=20 μJy/beam)	
-detection of clusters with RH (and off-state RH) up to high z 	
-competitive with X-ray and SZ-survey in the detection of galaxy clusters	

Cassano et al. in prep.	

SKA1-low  SKA1-low  

eROSITA	



 Conclusions 	
-  RHs are not ubiquitous in galaxy clusters: bimodal split between 
cluster with and without RH in Lx-Lr and Ysz-Lr	

-  The bimodality of both correlations can be traced to clusters 
dynamics: RH-merger connection	
-  Theory predicts a drop of the fraction of GC with RHs in smaller 
systems : observations are starting to probe it	

L1.4-YSZ 

The prevalent current view is that RH trace turbulent regions in 
the ICM where particles are trapped and accelerated during 
mergers	

The LOFAR and SKA1-low surveys => >400 RH                              
	 	 	 	    => discovery of USSRH	

Surveys at 1GHz (EMU+WODAN) => increase by ~10 the number of RH 
	 	 	 	 => discovery of off-state halos	

★ 

★ 

SKA-pathfinders (LOFAR, ASKAP, Apertif on WSRT, Meerkat) 
already have the potential to test this scenario:	

★ SKA1-low surveys => detection of RH up to high-z  
=> discovery of GC in competition with SZ         

	and X-ray cluster surveys   

★ 

★ 

★ 


