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 SKA - World’s largest international radio telescope with a square km of collecting area



Galaxy clusters                                                                       Brunetti & Jones 2014

-Galaxy groups come together, fall in the higher density (50% of galaxies reside in clusters or groups) regions experiencing lot of turbulent activities, where galaxies loose their gas through 
ram pressure stripping and fall in the hot ICM. 

-Extreme cluster environment plays a crucial role in the evolution of cluster dynamics and galaxies within the cluster environment. Galaxies undergo a morphological transformation from 
spiral to SO-type, ellipticals.
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Strong Gravitational lensing with galaxy clusters                        
 Walsh et al. 1979, Biggs et al. 2004; Estrada et al. 2007; Gladders et al. 2002; Hewitt, J. et al. 1988; Hennawi et al. 2008; Scarpine et al. 2006                                              

Image credit- ALMA (ESO/NRAO/NAOJ), L. Calçada (ESO), Y. Hezaveh et al

When light from a distant galaxy or quasar passes near the massive galaxy cluster, 
the gravity of the cluster bends the light's path due to curvature of spacetime 
around the center creating multiple images of the distant object.
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Cutoff in Mass functions is 
directly related to Dark 
Matter models (McKean talk)



Strong Gravitational lensing with galaxy clusters                        
 Walsh et al. 1979, Biggs et al. 2004; Estrada et al. 2007; Gladders et al. 2002; Hewitt, J. et al. 1988; Hennawi et al. 2008; Scarpine et al. 2006, McKean et al. 2015                                           

Based upon lensing system and lensed galaxy alignment + mass distribution in the lensing system
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Matter distribution in Lensing galaxy clusters with the LOFAR/GMRT                                Pandey-Pommier et al. 2013, 2014,2015,2016,2019

1. Non-thermal emission in clusters pose fundamental question about their origin, interaction between thermal and non-thermal gas components and insights on the cluster dynamical state and its evolution. 

2. Radio emission measured in the ICM of  >120 clusters (GMRT/LOFAR), however the detection rate still remains at the tip of the ice-bergs (Cassano et al. 2015) with few 100s expected at LOFAR sensitivity 
and 1000s for the SKA. 

3. Ultra steep spectrum radio haloes are new population yet be discovered with the SKA!

Survey: GMRT/LOFAR/VLA/NRT/IRAM/MUSE/HST survey  on cluster of galaxies (Ebeling et a. 2001) 

GMRT
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Fig. Non thermal emission in Galaxy clusters at low frequencies with the GMRT/LOFAR

Diffuse emission new contribution with the 

GMRT & LOFAR !

Merging and cool core clusters:
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Results- Cluster of galaxies- Discovery of rare low frequency radio (GMRT/LOFAR < 240 MHz) emission from the ICM          M.Pommier et al. 2013, 2014, 2015, 
2016, 2017, 2019
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Results:
• Non-thermal radio emission (Halos, Relics, Phoenix, USSRHs- Mpc scale) in 84% NCCs, Mini-halos (few kpc) in 75% CCs
• Different stages of mergers (Pre- and Post-) identified in clusters using spectral information and multi wavelength data 
• SKA-MID users case to discover more radio haloes and mini-haloes.
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Gas mass concentration in cool core clusters                                                              Ueda et al. 2019, Umetsu et al 2016, 2018, Zitrin et al. 2015

Several mini-haloes of a few 100s of kpc 

scale detected at radio wavelengths in 

lensing clusters

Total cluster Mass 
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Several mini-haloes of a few 100s of kpc 

scale detected at radio wavelengths in 

lensing clusters
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Lensing in cool core clusters                                                              Ueda et al. 2019, Umetsu et al 2016, 2018, Zitrin et al. 2015

Lensing model (Optical data)
Lensing model (Optical data)
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Background Lensed galaxies                  
 Walsh et al. 1979, Biggs et al. 2004; Estrada et al. 2007; Gladders et al. 2002; Hewitt, J. et al. 1988; Hennawi et al. 2008; Scarpine et al. 2006, McKean et al. 2015, Pommier et al. 2018                                              

VLBI observations (1GHz-1THz, res = milli arcsec, 10 microJy)

VLBI observations (res = milli arcsec)

A couple of additions with the GMRT/LOFAR  observations (600- 110 MHz range, res = arcsec,  
40 microJy)

Lensed galaxies are rare and faint in nature
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SKA project and capabilities-                                                                                                                                                                                 McKean’s talk
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SKA-mid in South Africa
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SKA-Low in Australia



SKA project research program,  big questions, and capabilities-                                                                                       M.Pommier Users case
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- SKA provides obsrevations at a broad frequency range.
- High sensitivity imaging and spectral data with a possibility to trace extragalactic spectral lines in gas-rich galaxies- like the lensed galaxies.



SKA project Timeline
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Background Lensed galaxies and lens systems with the SKA                                                      McKean et al. 2015                                         
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Background Lensed galaxies and lens systems with the SKA                                                                     McKean et al. 2015, Pommier et al. 2018                                        
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Cosmological with SKA - Galaxy formation and evolution and dark matter studies with gravitational lenses. 
                                                                                                                                                          Prandoni et al. 2014, Pommier et al. 2018

SF galaxies with SKA      Prandoni et al. 2014
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SKA observation strategy- SKA Science Users case 2021- M. Pommier
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Previous talks- Galaxy clusters, Commensality (Continuum + several bands+ HI)- Wide area survey- multi-wavelength  



Summary:
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Gravitational Lensing: 

Strong gravitational lenses are crucial for measuring mass distribution of distant galaxies,  constraining various dark matter models (CDM, WDM, HDM), providing 
insights into galaxy formation and evolution.

SKA capabilities:

1. The SKA is expected to discover several new lense systems >105 (especially CC clusters) that can be used to identify a cutoff on the mass of the clusters hosting 
lensing properties at radio wavelengths and to measure mass functions and constrain various dark matter models.

2. Majority of known radio gravitational lenses have been found through specific surveys, emphasizing the need for high-sensitivity systematic observations possible 
with the SKA MID (Resolution- 0.25-0.5 arcsec, Sensitivity- 3 microJy rms, Band 2 (0.95-1.76 GHz)).

3. SKA will significantly increase the number of detected lensed galaxies >103, probing new classes of objects up to redshift z=5.
4. Deep surveys will uncover sub-μJy level sources, enhancing our understanding of star formation rates (SFR) in high-redshift galaxies and their evolution with z, 

Are they early-type dark-matter dominated galaxies or quasars?
5. The study of galaxy groups and lensing phenomena provides critical insights into star formation, galaxy evolution, and the nature of dark matter, helping our 

understanding of structure evolution over cosmic timescales.

Thank you for your attention!


