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Radio continuum sources in galaxy clusters

• Active galaxies

✴AGNs

✴Starburst galaxies

• Diffuse radio sources

✴Halos

✴Mini-halos

✴Relics



Radio continuum studies of galaxy clusters:      
main open questions

• Cluster environment and galaxy activity (star formation and AGN)

• Statistical studies of cluster extended radio sources:

✴Origin of relativistic particles in clusters

✴Non-thermal component vs. termo-dynamical evolution of clusters

✴Characterization of intra-cluster magnetic fields



Environment & star-forming galaxies

Metevier et al. 00

Balogh et al. 04
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Environment & 
radio galaxies

• Radio Luminosity Function      
in clusters

✴Statistically similar for sources 
outside and inside rich clusters 
(Fanti 84; Ledlow & Owen 96)

✴Higher number of radio 
galaxies in merging / high-z 
clusters ? (Owen et al. 99; 
Branchesi et al. 06) 

• Wide and Narrow Angle Tail 
(WAT & NAT) radio galaxies

Branchesi et al. 06

X

Distant clusters

Nearby clusters

Owen et al. 99



Environment & 
radio galaxies

• Radio Luminosity Function      
in clusters

• Wide and Narrow Angle Tail 
(WAT & NAT) radio galaxies

Image courtesy of NRAO/AUI 
and C. O'Dea & F. Owen

Image courtesy of NRAO/AUI and Neal Miller, 
Jansky Fellow of the NRAO



Blanton et al. 03 - z∼0.96

Optical +Radio contours

Optical +cluster members

Cluster detection WAT or NAT radio sources

Smolcic et al. 07 - z∼0.22

Optical + X-ray + Radio contours

VLA continuum 
observations

Resolution:

∼ 10 arcsec (left)

∼ 1 arcsec (right)



Radio continuum studies of galaxy clusters:      
main open questions

• Cluster environment and galaxy activity (star formation and AGN)

• Statistical studies of cluster extended radio sources:

✴Origin of relativistic particles in clusters

✴Non-thermal component vs. termo-dynamical evolution of clusters
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• Mini-halos

• Halos

• Relics

extended                    
(≥ 1 Mpc)

cluster centre

regular         
morphology              

(∼X-rays)

XMM + VLA: Bourdin et al. in prep.+ Feretti et al. 01

extended  
(≥ 1 Mpc)

cluster 
outskirts

elongated 
morphology

Chandra + VLA: Ferrari et al. 06

intermediate extension 
(≤ 500 kpc)

at the centre of clusters 
with AGN & cooling-core

XMM + VLA: Gitti et al. 07

Radio continuum - Diffuse radio sources



Non-thermal 
component

Mc Namara et al. 05

• Origin of the non-thermal 
component

• Effect of magnetic fields on 
thermal conduction 

• Hydro-dynamical effects of 
magnetic fields

Dursi & Pfrommer 08



Intra-cluster magnetic fields
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• Equipartition assumption

• Compton scattering of CMB photons

• Faraday rotation measure of 

background or embedded galaxies

• X-ray analysis of cold fronts

see Govoni & Feretti 04 for a review



Intra-cluster magnetic fields: 
discrepant results

• Faraday rotation measure: ~1-10 μG                                                

(e.g. Feretti et al. 95, 99; Govoni et al. 

01, 06; Guidetti et al. 07; Taylor et al. 

93, 01, 07)

• Compton scattering: ~ 0.1–0.3 μG                           

(e.g. Fusco-Femiano et al. 99, 00, 01; 

Rephaeli et al. 99, 03, 06)

• Equipartition assumption: ~0.1–1 μG   

(e.g. Giovannnini et al. 93; Kim 99; 

Pfrommer & Enßlin 04; Tierbach et al. 

03)

• X-ray analysis of cold fronts: ~10 μG 

(Vikhlinin et al. 01)



Origin of relativistic particles in clusters

Dimensions: ~ 1 Mpc

Crossing time of e-: ~9.5 Gyr 
Life time of e-: ~ 0.1 Gyr 

A2163: radio halo
Feretti et al. 01

≥ 1 Mpc (∼3 ×1022 m)

→ In situ acceleration of relativistic electrons

A1914 
Bacchi et al. 03



Acceleration 
mechanisms

• Primary models: (re-)acceleration 
due to shocks/turbulence

• Secondary models: hadronic 
collisions of relativistic p+ with the 
ICM

see Ferrari et al. 08 for a review
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Halos & Relics detected only in the 
brightest merging clusters

Mini-halos detected in clusters with 
AGNs and strong cooling cores



Acceleration 
mechanisms

• Primary models: (re-)acceleration 
due to shocks/turbulence

• Secondary models: hadronic 
collisions of relativistic p+ with the 
ICM

see Ferrari et al. 08 for a review

Halos & Relics detected only in the 
brightest merging clusters

Mini-halos detected in clusters with 
AGNs and strong cooling cores

Brunetti et al. 08



ASKAP

Credit: Swinburne Astronomy Productions

MeerKAT

Credit: Jeroen de Boer

ASKAP & MeerKat: 
continuum studies among science drivers



ASKAP & MeerKAT: 
complementarity

SKA Precursors – field-of-view

Mapping the Andromeda galaxy M31

ASKAP: 30 square degrees

MeerKAT: 1 sq.deg

VLA/WSRT
• Field of View

• Sensitivity
ASKAP surveys: EMU

! sensitivity limit (mJy)
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Ultra-deep 
MeerKAT 
Surveys

Brunetti et al. 08



ASKAP & MeerKAT: 
complementarity

• Frequency coverage

✴ASKAP: 0.7 - 1.8 GHz

✴MeerKAT: 0.58 - 15 GHz

• Resolution

✴ASKAP: 10”-30”@1.4 GHz

✴MeerKAT: 1”-90”@1.4 GHz

A1914 
Bacchi et al. 03

21”

Simulations of
Halo + AGNs @ z=0.5

Murgia & Govoni 08

5.2”



Some complementary projects

• Low-frequency (30-240 MHz): LOFAR

Spectrum of the radio halo in A1914 

P.Challis, Whipple
Obs, Mt. Hopkins

Dust

Free-free

Synchrotron

M82 = starburst

P.Challis, Whipple
Obs, Mt. Hopkins



Some complementary projects

• Low-frequency (30-240 MHz): LOFAR

• Microwave (30-857 GHz): Planck 

Courtesy:           

A. Chamballu

Deep LOFAR Survey}

Spectrum of the radio halo in A1914 

P.Challis, Whipple
Obs, Mt. Hopkins

Ferrari 08



Some complementary projects

Beppo-SAX
EGRETRadio

Synchrotron

HXR

IC
Gamma 
π-o

εCR=3% εth

εCR=1% εth

εCR=0.5% εth

0.75 Gyr since last 
turbulence injection

1.75 Gyr

VERITAS
• Low-frequency (30 - 240 MHz): 

LOFAR

• Hard-X-rays (6-80 keV):      
NuStar 

• Gamma-rays (8 keV - 300 GeV): 
Fermi 

Brunetti et al. 08



Conclusions

• Deep interest of the French community for the study of continuum radio 
sources in clusters through ASKAP and MeerKAT

• Complementary projects exist

• Link to HI studies concerning the evolution of the star-formation properties of 
cluster galaxies



ASKAP and continuum studies of galaxy clusters

Johnston 09



MeerKAT and continuum studies of galaxy clusters

de Block 09


