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RX J1347.5-1145



Galaxy clusters
★ Large-scale structure of the Universe:  

• filaments, nodes & voids 

★ Galaxy clusters: 

• consist of 100s to 1000s galaxies gravitationally bounded 

• located at the nodes of the cosmic web 

★ Total mass (~  solar mass):  

• galaxies ( ) 

• intra-cluster medium (ICM, ) 

• dark matter ( )
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★ Thermal particles 
• electrons, protons, helium… 

• low particle density:  particles/m3 

• high temperature:  K 

—> emitting X-rays via free-free (bremsstrahlung) mechanism 
★ Non-thermal components 

• cosmic ray electrons ( ), protons. 

• magnetic fields ( ) 

—> emitting radio emission via synchrotron mechanism

∼ 1000

∼ (10 − 100) × 106

γ > 1000 − 5000

B = ∼ μGauss

Pearce et al.; Bill Saxton, NRAO/AUI/NSF; Chandra; Subaru; ESO.

Abell 2744

Free-free (bremsstrahlung) emission 
(distribution of thermal particles)

Synchrotron emission  
(distribution of B and CRe)

Radio 
X-rays

Intra-cluster medium



• Size of ~Mpc 

• Typically observed in merging galaxy 
clusters 

• Unpolarised radio emission 

• Steep spectrum ( ) α ≲ − 1

Mini-halo Halo Mega-halo

• Size of ~500 kpc 

• Typically observed in relax, cool-core 
clusters 

• Unpolarised radio emission 

• Steep spectrum ( )α ≲ − 1

• Size of >2 Mpc 

• Found together with halo hosted galaxy 
clusters 

• Unknown polarisation 

• More steep spectrum ( )α ≲ − 1.3

Radio 
X-raysRiseley+23

Central diffuse radio emission

Abell 1413 ZwCl 0634.1+4750

Cuciti+22
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• Radio halos are often found in disturbed clusters of galaxies. 

• Mini-halos are typically observed in relaxed galaxy clusters.

Central diffuse radio emission vs. cluster dynamical states

Morphological parameters: 

• c: concentration 

• w: centroid shift 

• : Power ratioP3/P0



• Radial SB of mini-halo and halos known to follow a single-component exponential function: 

 

• Peak brightness:  >>  (up to 2 orders of magnitude) 

• Emissivity:  >>  (up to 3 orders of magnitude)

I(r) = I0 exp(−r/re)
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Radial surface brightness profile

Halo
Mini-halo



• LOFAR observations of the Perseus cluster indicate double-component (mini-halo + halo) diffuse 
radio emission (van Weeren+24).  

• Also a few other cases reported in Savini+19, Lusetti+23, Biava+24.

AGN subtracted

Double-component diffuse emission: Halo + Mini-halo
LOFAR 144 MHzPerseus cluster

7” beam 80” beam van Weeren+2024 van Weeren+2024van Weeren+2024

I(r) = I0, inner exp(−r/re, inner)
+I0, outer exp(−r/re, outer)Mini-halo

Halo



• 4 mega-halos in galaxy clusters known to host regular radio halos (Cuciti+22). 

• Filling volume: ~30 times larger (than halos)  

• Emissivity: ~20 times dimmer 

• Steep spectrum in the mega-halos:   (low stat.)α ≲ − 1.3

Double-component diffuse emission: Halo + Mega-halo
ZwCl 0634.1+4750



Double-component diffuse emission: Halo + Mega-halo (cont.)
Abell 2255

Botteon+22LOFAR 54 MHz (72 hours)
LOFAR 144 MHz (75 hours)

r=2 Mpc

Botteon+22



• The most luminous X-ray galaxy cluster:  
 (Schindler+95) 

• Redshift  

• Massive galaxy cluster:  (Ueda+18) 

• ICM temperature:  (Allen+02, Gitti+04) 
SE region:  (Kitayama+04, Ota+08, Ueda+18) 

• Cool-core in the cluster centre

LX = (6.2 ± 0.6) × 1045erg s−1

z = 0.45

1015Msun

10 keV
20 keV

Kohlinger+13

Ueda+18 Ueda+18

Mason+10

Optical HST
MUSTANG SZ (green+red)  
Mass density (contours)

ALMA SZ 92 GHz image 
Chandra X-ray contours

X-ray residual image

The target: RX J1347.51145



• Mini-halo in the cluster 
centre (LLS 640 kpc) 

• Spectral index: 
 α614 MHz

237 MHz = − 0.98 ± 0.05

Gitti+07Ferrari+11

VLA 1.4 GHz

The target: RX J1347.51145 (cont.)
GMRT 614 MHz image 
MUSTANG SZ (green) contours 



• MeerKAT 890 — 1668 MHz 

• Duration: 8.3 hours 

• Noise:  

• Detection:  
✓Central diffuse emission with LLS of 840 kpc 
✓Excess radio emission in the SE region 
✓Extended emission to all directions, not just 

along the merger axis SW — NE

10 μJy/beam

MeerKAT L-band observations



• Fitting radial surface 
brightness profile to 
double-exponential 
function: 

• Peak brightness: 
 

• LLS of mini-halo: ~500 kpc 

• LLS of halo: ~1 Mpc 

IMH
0 ≈ 20 × IH

0

Radial surface brightness profile

I(r) = I0, inner exp(−r/re, inner)
+I0, outer exp(−r/re, outer)



• Different spectral index trends in the core (mini-halo) and the outer (halo) regions. 

• The powering mechanisms are different for these regions.  
the core is energised by the gas sloshing. The outer region is consistent with turbulent re-acceleration.

Radio - X-ray correlation

Core

Outer



• Dipolar pattern in the residual X-ray image —> Gas sloshing in the core 

• Similar radio emission in the radio images with uv-minimum cutoff —> connection between mini-
halo emission and gas sloshing 

Radio - X-ray SB correlation (core)
Residual X-ray image

Ueda+18

MeerKAT 1.28 GHz MeerKAT 1.28 GHzMeerKAT contours



• Multi-wavelength observations of RXJ1347 
with MeerKAT + uGMRT 

• Multi-components diffuse radio emission: 
mini-halo + halo 

• Different particle acceleration 
mechanisms in the core and outer regions 
of the cluster 

• Deep observations with sensitive 
telescopes (LOFAR, MeerKAT, SKAP, SKA) 
detect many more multi-component 
systems —> the properties of their host 
clusters

Summary


