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SKA: will be one of the great physics machines 
of 21st Century and, when complete, one of the 
world’s engineering marvels  (Robert Braun) 
 
It will answer scientific questions of modern 
physics and astrophysics, through radio domain 
 
– Fundamental physics: Gravity in extreme conditions, 
Dark Energy, Cosmic Magnetism 
– Astrophysics: Cosmic Dawn, First galaxies, galaxy 
assembly and evolution; proto-planetary discs, 
biomolecules, origin of life, SETI  
– The unknown: transients +  ???? 



10 countries: more to join 



Largest and most sensitive radio telescope (cm) 
 
Up to 1 million m2 collecting area distributed over 
a distance of 3000 km on large frequency range 
                                    (70 MHz – 10+ GHz) 

(courtesy R. Braun) 
HI @ z = 10 :  = 130 MHz 
         z = 20 :   = 68 MHz 



Different sensors 

Low frequency (Aperture Array) 

Mid frequency (Dish) 

Phased Array Feed 
    (PAF) Low-mid  frequency 

3 dish protypes in testing 



Elements are connected to a signal processor and  
to a high performance computing system by optical  
fiber  80 000 km  
 
 
Big data collection and storage: 
          data rates  10 - 500 Tb/s 
           n of operations  200 Pflops – 2 Eflops 
           processed data  0.2 – 10 Pby/day 
                            
      100 Pby – 3 Eby per year of image data      
 



Courtesy R. Braun 

Realized in 2 phases 

SKA 1 

SKA 2 



Sensitivity 



Survey Speed 

High Sensitivity + Large Survey  Speed:   
                                  3 days to do survey like NVSS  



Resolution 



http://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=215 

Science book 2015 
 

2000 pages, 135 chapters, 1200 authors, 8.8 kg 
 

https://www.skatelescope.org/wp-content/uploads/2015/09/P9110058.jpg


Origin and Evolution of cosmic Magnetism 
Epoch of Reionization 
Cosmology and DE 
HI galaxy science 
Extragalactic spectral line 
Extragalactic Continuum (galaxies/AGN, clusters) 
Transients 
Pulsars & Tests of Gravity 
Our Galaxy 
Solar, Heliosphere & Ionosphere Physics 
Cradle of Life & Astrobiology 
 

Science topics  

 all-sky surveys, deep smaller-area surveys, targets 



HI survey : 109  objects to z  2 
            -> intensity mapping plus redshift  
 
 
Continuum survey : 1010 objects to 100 nJy 
                      -> 2 105 sources/deg2 

 
 
Polarization survey : RM of  107  objects 
                      -> 300 sources/deg2 

 
 
Pulsars : 30 000      Physics, GW       

Sufficient  
source density  
and sky area 
to probe 
Cosmology,  
DM, DE  

High precision  
Magnetism 
 from pc to Mpc 



 
All objects that will be detected from currently 
planned all-sky surveys in X-rays, optical, infrared, 
will have a radio counterpart with SKA. 
 
On large areas of the sky, and at lowest flux levels 
(< 0.1 µJy),  radio sources detected with SKA will 
have no counterparts: rely only on radio 
information for size, morphology  redshift, etc. 
                       
                                    (Padovani 2010) 



Epoch of Reionization   
first signal will be likely detected in the next future,  
SKA will go beyond detection, by imaging structure during 
Reionization into Dark Ages 



Magnetism 



Coma Cluster  
Bonafede et al. 2010 

Magnetic field 
- Strength 
- Structure 
- Radial decline 

 
Currently with 7  
sources 
SKA  1000 souces 
Many clusters 
Distant clusters 





Finding pulsars in the Milky Way 



Physics and astrophysics applications from pulsar studies 
                                     (Kramer & Stappers 2014)  



Gravity Wave detection   

(Carilli 2014) 

Yellow: 
Expected background 
(coalescing of MBH)  



Cosmology 

Baryon  Acoustic Oscillations to constrain DE models  





Galaxy evolution: star formation history 
Star forming galaxies at z  7 to 10 



The Cradle of Life 

Test conditions for life  

elsewhere in the Universe 

- Image proto-planetary  

     disks in formation, movies, 

     composition 

- Probe the ‘Habitable zone’  

     in disks (mas resolution) 

- Detect complex molecules 

 

- Search for Extraterrestial Intelligence:  

   Airport radars @ 15 pc   1 000  stars, many with planets 



Cosmic rays 

Huege et al. 2015 



Origin and Evolution of cosmic Magnetism 
Epoch of Reionization 
Cosmology and DE 
HI galaxy science 
Extragalactic spectral line 
Extragalactic Continuum (galaxies/AGN, clusters) 
Transients 
Pulsars & Tests of Gravity 
Our Galaxy 
Solar, Heliosphere & Ionosphere Physics 
Cradle of Life & Astrobiology 
 

Science topics  

Conclusion : Transformational science in all fields ! 



Thanks 



Headline Science with SKA 1 and 2 




