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-Cluster of Galaxies

-Ongoing surveys with SKA precursors (GMRT, VLA) & pathfinders 
(LOFAR) 

-SKA Telescope and Cluster science

-NenuFAR- French SKA pathfinder

-Synergy with other up-coming instruments (EUCLID, LSST, etc.)
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Largest gravitationally bounded structures in the cosmic 
web with  evolution driven by gravitational  collapse  of 
dense  regions  in  the  Universe  followed  by  subsequent 
growth via accretion and mergers

Composition-  dark  matter  (∼80%),   diffuse  hot  gas 
(∼15%), and (∼5%) luminous baryonic matter

Statistical study as a function of redshift provides insight 
on formation and evolution of large scale structures in the 
universe

Multi-wavelength  (radio/X-ray/optical)  study  to 
investigate the association of Dark matter (DM) with the 
baryonic (visible) matter and dynamical state 

Cosmology with SKA- Galaxy clusters

Clustering of galaxies in cosmic web

filaments

voids

nodes
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Radio  observations  gives  information  about  the 

dyanamical  state  of  the cluster,  the intra cluster gas, 

independent radio emitting member galaxies
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Classification of radio emission from the ICM- Radio Haloes (RH) and Radio Relics (RR)

‘Phoenix’-  in  which  the  aged  synchrotron 
plasma is adiabatically compressed by a (cluster 
merger) shock wave within the central region of 
the cluster (van Weeren et al. 2015) 

Abell 1033: The white contours help identify the X-ray 
flux  levels,  and  the  red  contours  trace  the  radio 
emission.  The  elongated  red  structure  in  the  lower 
center  is  a  radio  phoenix:  fossil  gas  that  has  been 
reheated by shocks from a nearby galaxy merger 

Dynamically active cluster with Radio emission

Relaxed cluster with no radio emission
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centroid shift (projected separation  
between the X-ray peak and the centroid)
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SKA precursor survey results- statistical radio properties

Radio emission in roughly120 clusters discovered by GMRT/VLA  

Bimodality in Lr vs Lx plot ! 

Is it sensitivity limited or a transient phenomenon  based on 

dynamical state of the cluster



-Deep targeted cluster studies with multi-wavelength data available (zspec/zphot)
-Lensing models/ X-ray data publicly available too

-GMRT/VLA/LOFAR observations to study diffuse cluster emission

Radio survey of CLASH and Frontier field clusters                    
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• Lensing clusters

• z > 0.3

• LX > 1044 erg s-1 (0.5-2.0 keV);

•  T >10 keV

• Dual or Quadruple merger event

• Hints of shock heated regions: 
20+ keV 

• Mvir >1015 M⊙  

A2744

AS1063 MACSJ1149
A370

MACSJ0416 MACSJ0717

HST + Chandra

-Study high-z galaxies through gravitational lensing for best lensing clusters (largest areas of high amplification)



A2744

AS1063 MACS1149
A370

MACSJ0416 MACSJ0717

HST + Chandra+ GMRT/VLA

New Results: Low Frequency Radio survey on CLASH & Frontier Field clusters                     
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Giant 
RH

Giant Relic

Giant 
RH

PhoenixUSSRH

-Clusters in on-going and poste-merger state tend to emit in radio. 
-Spectral index (1.4 GHz-250 MHz) for RH = -1.2, RR and Phoenix = -0.8 to -2.2 and USSRH < -1.5 (rare !)

Pommier et al. 2013-2017

Do all lensing clusters host radio counterparts ?

A2744 MACSJ0416
MACSJ0717



van Weeren et al. 2016
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MACS J0717.5+3745- GMRT & JVLA

Lensed galaxies 
emitting in radio 
discovered with the 
JVLA (1.4 GHz, 0.6 
arcsec, 1.8 
microJy/beam)

Phoenix

Narrow Angle Tail (NAT) 
galaxy (in the cluster)

FR-I source 
(foreground)

-Most powerful giant (1.6 Mpc) radio halo discovered with the 
GMRT (235 MHz, 13 arcsec, 0.7 mJy) shown in red & X-ray  
(Chandra) emission in green overlapping the DM emission 
(HST) in blue.

-The complex nature of the mass distribution demonstrates 
that a clear centre is not well-defined in this cluster as 
already seen in X-rays, and has several bright galaxies 
associated with the different mass clumps, indicating different 
sub-groups under collision in the central region of this cluster.

Pandey-Pommier et al. 2013
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High sensitivity, low resolution- diffuse emission

High sensitivity, high resolution- faint background galaxies
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-large FOV needs direction dependent calibration 
hence multiple beams are used

Needs All sky model to apply correct calibration 
scheme & control ionospheric fluctuations 
(equivalent to seeing !)

LOFAR - SKA Pathfinder 50 (38NL+12) MA of 96 LBA & 48 HBA elements over 100km 



LOFAR HBA 150 MHz (5 arcsec, 0.1 mJy)         LOFAR LBA  60 MHz      
                                                                                    (10 arcsec , 1 mJy)           GMRT 325 MHz, 9 arcsec, 0.1 mJy 

more morphological details 
at lower frequencies 

LOFAR continuous 
spectral coverage from  
20-240 MHz 

high sensitivity to detect 
faint Star forming galaxies  
in the cluster environment 

Tooth brush cluster

21 arcsec, 0.9 mJy

LOFAR HBA 180 MHz 
(21 arcsec, 0.1 mJy)   

LOFAR/GMRT - more results on cluster of galaxies                      
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 van Weeren et al. 2015

North
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SKA1-Mid 
(300-1400MHz)

SKA1-Low 
(50-650 MHz) 
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Square Kilometre Array (SKA)- World’s largest radio interferometer in the southern sky !

SKA-Mid- 4x better resolution, 5x better sensitivity,  
60 x better survey speed compared to JVLA

SKA-Low- 25x better resolution, 8x better sensitivity, 
135x better survey speed compared to LOFAR

For imaging capabilities  refer  SKA memo 113   by  Pandey-Pommier et al. 2008Head Quarters in UK

Desert near Boolardy station in the west of Australia 

Desert near Karoo in the south-west of South Africa 

MeerKAT dishes 
+ tiles

Southern sk
y !
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Cluster of galaxies with the SKA                    

Pandey-Pommier et al. 2015 (SKA White Book)

observations

Theoretical
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- Complete  overview of  ICM and  radio  emitting  sources  within  the  cluster  (haloes,  relics,  phoenix,  filaments, 
BCGs)- morphology details

- Discover new Ultra steep spectrum radio haloes (not detected easily at high frequencies)

- Constraint turbulence model

- LOFAR, GMRT, JVLA and ASKAP observations on clusters !
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Square Kilometre Array (SKA)- Sensitivity and Capabilities

Kale…..Pandey-Pommier et al. 2016 
110 MHz

Cassano R.;…Pandey-Pommier et al. 2014, 
Pandey-Pommier et al. 2015 (SKA Users case)

Pandey-Pommier et al. 2017 SKA-France White Book

SKA lensing cluster studies:

-order(s) of magnitude more SF galaxies per cluster,  detect z ≳ 
3 objects

-study the evolution of galaxies w.r.t redshift

-Bulk of AGN population down to L=10^22 W/Hz @ z=0.5 
(Wide), z=2 (Deep) and z = 4 (Ultra Deep)

-Complementary morphology of HI up to z = 0.8-1 &study 
correlation between HI mass function and SFR, as well as their 
evolution with respect to the cluster center

-0.5 arcsec resolution at 1 GHz (Euclid=0.2 arcsec and 
LSST=0.7 arcsec)

Prandoni & Seymour AASKA 14

Member of  : 
International SKA Continuum Survey group  

French SKA consortium 
SKA-INDIA consortium 
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Square Kilometre Array (SKA)-France participation

SKA- France W
hite Book

Members of International SKA consortium
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NenuFAR - French SKA-Low Pathfinder- 102 (96+6) MA of 19 dual polaz. elements over 400m 

Hydra A

Site: Nancay, -100% funded via ANR and INSU (Zarka et al. )

NenuFAR imager (15-80 MHz)  usable in standalone mode as well as with LOFAR super station (higher resolution and 
better sensitivity for longer baselines at low frequencies)

Large compact array-beamformer mode: transients, exoplanets, pulsars, AGNs

Large compact array-imager mode: diffuse emission in large scale structures (clusters, Giant galaxies, dark ages etc.). 
SKA precursor for French Low frequency radio community and training for SKA Low

Construction and commissioning on-going with the available LOFAR imager tool developed via Leiden and Meudon 
team (Shimwell &Tasse et al.)- 
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NenuFAR - French SKA-Low Pathfinder

Hydra A

3 km



1. Motivation for radio surveys with SKA pathfinders and precursors: 

-Low frequency studies of relics (shocks) and halos (fusion and turbulence) in cluster of galaxies. 

-Spectral index studies using high frequency data to discover USSRH, identify age of the radio emitting plasma and 
dynamical sate (Pre- or Post- merger) of the cluster

-Evolution of large scale structures in the Universe with respect to the redshift

-SF galaxies in the distant universe via lensing technique

2. Observation with NenuFAR- SKA pathfinder and LOFAR:  

-prepares us directly as SKA Low Frequency community

3. Synergy with many new up-coming facilities:

-complementary with imaging facilities Euclid, LSST, ATHENA, JWST for the study of Dark and baryonic matter 
interaction  

-spectroscopic surveys (4MOST, DESI, E-ELT etc.) for SF galaxies and AGN population studies.

4. SKA- Biggest International scientific effort:

-deliver world-leading science for decades, have made a real difference to its local communities and be inspiring 
future generation world wide.

Summary and Synergies with upcoming instruments
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Thank you !


