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In the last 2-3 years, a few discoveries were made which some expected 
to be made by the SKA:  
• Protoplanetary discs (ALMA, SPHERE, 2014-2015) 
• GW (LIGO, announced on the 1st day of our C4SKA meeting in February 

2016) 
• The origin of cosmic rays and ultra-energetic neutrinos (mid 2016) 
• EoR (2018, right after our S4SKA meeting in February)  
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Question: Do these discoveries ruin the SKA science case? 
 
• Discoveries do not stop our quest for understanding the material world. 

Discovery does not “close” the field/area of research. In science each 
answered question creates new questions.  

• New discoveries strengthen the SKA science case. Ideas generated by 
scientists (in some cases by SKA scientists) are confirmed. We are not 
working blindly any more. We know where to look on the sky, which 
frequency, what time domain, and how to design our s/w, receivers and 
antennas in the most efficient way to answer new questions generated by 
these discoveries.   
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• Gravitational waves (GW) – the Nobel Prize of 2017 
• EoR – no doubt it will be the NP if/when confirmed.   

 

No Nobel Prizes (NP) to expect from the SKA? 
 

Nobel Prizes 
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• I wouldn’t worry about it.  
• Take discovery of CMB (Arno Pensias and Bob Wilson, 1964; the NP of 

1978). The second NP for the CMB went to the COBE team in 2006.   
• Pulsars. The NP for the discovery of pulsars, then the NP for discovery of 

a binary pulsar. Then discovery of a whole class of millisecond pulsars, 
discovery of a double pulsar. Will there be the NP for discovery and 
understanding of FRBs?  

• By the way, there were two NPs for discovery of GW. The existence of GW 
was indirectly but firmly proved by the binary pulsar. 
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• SKA-1 will be more sensitive than SKA precursors (ASKAP, MeerCat, 
LOFAR, MWA) and provide much greater survey speed. It will be 
superior to the best Northern Hemisphere radio telescopes and 
arrays. 

• SKA-2 will be 10 times more sensitive and have 50-100 times greater 
survey speed that modern RTs and arrays. 

When a new observational technique appears, which is 1-2 orders of 
magnitude better that existing, we can expect serendipitous 
discoveries. Example: Galileo’s telescope vs naked eye. 
Not just something “we know that we don’t know”, but also something 
that we even “don’t know that we don’t know”.  

6 



Imaging protoplanetary disks 

• One of 5 topics of the KSP#1 “Cradle of Life” 
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ALMA image of the planet-forming disc around 
the young, Sun-like star TW Hydrae. The inset 
image (upper right) zooms in on the gap nearest 
to the star, which is at the same distance as the 
Earth is from the Sun, suggesting an infant 
version of our home planet could be emerging 
from the dust and gas. The additional concentric 
light and dark features represent other planet-
forming regions farther out in the disc. 
Credit: S. Andrews (Harvard-Smithsonian CfA), 
ALMA (ESO/NAOJ/NRAO) 
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SPHERE (VLT in Chile) 12 



• The Cradle of Life topics with the SKA-1: 
• Dust evolution and grain growth in proto-planetary discs (up to cm-size 

particles, compared to just submm-size with ALMA); 
• Snow line detection in proto-planetary discs; 
• Complex organic and pre-biotic (amino acid) molecules in proto-planetary 

discs (e.g. alpha-alanine, glycine, etc.); 
• Measuring magnetic fields of exoplanets and habitability; 
• Temperament of young stars (flares, stellar wind) and its effect on p-p discs; 
• SETI (radars, broadcasts, etc.) 
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Gravitational waves 

• The existence of GW was proved indirectly, but firmly by 
measurements of properties of the binary pulsar PKS1913+16 
discovered in 1974 by Jo Taylor and his PhD student Russell Hulse (the 
NP of 1993). 

• Similar to our discussion on the SKA, the question arose – should 
money be spent on construction of LIGO detector, and then its space 
version LISA.  
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GW150914 – 14 Sep 2015 16 



• No identification for the GW150914 
• The first identification two years later – GW170817 (EM170817) 
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October 2017 
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Gemini: 
Two 8.1-m optical/IR 
telescopes in Hawaii  
and Chile 
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NGC4993 
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[Left] Radio image created using VLA observations (6 GHz) on 9 September 2017, with the radio 
counterpart to EM170817 highlighted. Its flux density is 23 ± 3.4 μJy. [Right] A combined image 
from four VLA observations at 6 GHz spanning 22.6 August–1 September 2017. The flux density 
at the position of EM170817 is 7.8 ± 2.6 μJy, consistent with a marginal or non-detection. 22 



• A burst of gamma-rays, GRB170817A, was detected ~2 seconds after 
the GW detection the Fermi Gamma-ray Space Telescope. The GW 
source was localized to an area of 28 deg2 and a distance of 40 ± 8 
Mpc.  

• There were 49 cataloged galaxies within this volume, allowing 
astronomers to rapidly search for electromagnetic counterparts. An 
optical counterpart, designated SSS17a, was detected within ~11 
hours of the GW event, in the S0-type galaxy NGC 4993 at a distance 
of 40 Mpc and soon independently confirmed.  

• The radio afterglow was registered using the Jansky VLA and ATCA 16 
days after the GW burst! 
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SKA GW are different 

SKA 

103 and 107 solar masses 

106 and 109 solar masses 
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• We expect SKA will discover merger of supermassive BHs 
• Determine properties of GW, spectrum of GW 
• There will be a very important role of optical and gamma-ray 

telescopes, as well as of VLBI in identification of the object 
responsible for the event. 
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The origin of cosmic rays (incl. ultra-energetic 
neutrinos) 
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Cosmic rays: high-energy particles  
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The most energetic ultra-high-energy cosmic rays (UHECRs) 
have been observed to approach 3 × 1020 eV, about 40 
million times the energy of particles accelerated by 
the Large Hadron Collider and 20 million times the energy 
of photos ever detected. 
 
Oh-My-God particle (a proton): 
99.99999999999999999999951% of the speed of light.  
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MRO Ceduna Hobart Parkes Narrabri Tidbinbilla Warkworth 

Existing Radio Astronomy Sites 

5,500 km Baseline 
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Epoch of Reionization 
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HI 21cm Tomography of IGM  
Zaldarriaga + 2003 

z=12 9 7.6 

∆TB (2 arcmin) = 10-30 mK  

SKA rms (100hr) = 4mK 

LOFAR rms (1000hr) = 80mK 
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Theoretical reionization signature  

Furlanetto, Oh, Briggs 06 
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This represents an unexpectedly deep 
absorption, compared to the expectation 
within the standard model (Pritchard & 
Loeb 2012). To explain the strength of the 
absorption signal, the primordial gas must 
have been colder than expected. Any 
astrophysical phenomena could only have 
acted to raise the IGM gas temperature, 
such as the heating from early sources of 
X-ray radiation (e.g. Jeon et al. 2012), and 
thus cannot explain it. 
 
Bowman, Rogers, et al., 2018 

50 



Remarkably, the peak amplitude of the 
absorption is 3 – 5 times larger than 
predicted by the most optimistic models, 
and the absorption profile is flat-bottomed, 
rather than curvilinear and Gaussian-like, 
which is also at odds with models.  
 
So how can the differences from the 
models be explained?  
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Rennan Barkana (2018) 52 



Bowman and Rogers conducted myriad tests in which the 
they altered their experimental hardware or data analysis.  
 
The tests included  
• repeating the data acquisition and analysis using a 

duplicate antenna at a second, nearby location; 
• orienting the antenna at different azimuth;  
• changing the ways in which the antenna is isolated 

from the ground 
• switching various facets of the data calibration on and 

off.  

53 



54 



327 MHz line of interstellar deuterium 55 



2012 2017 
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So how to explain unexpected depth and shape of the 
signal? 
 
Barkana (2018) argues that models could achieve the 
reported signal amplitude and profile if non-
gravitational interactions occur between dark matter 
and normal matter particles, and if the dark-matter 
particles have relatively low masses and velocities that 
are less than the speed of light.  
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The idea that a detectable radio signal from the cosmic dawn can be 
connected to the particle properties of dark matter suggests a 
potentially revolutionary angle for exploring fundamental physics.  
 

Greenhill (Nature, 2018) 
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The most stringent test will be to compare the current 
results with those to come from independent 
experiments also aimed at detecting the cosmic-dawn 
signal. I hope that the unexpected amplitude and line 
shape of the reported absorption signal is indeed a hard-
won breakthrough that reveals evidence of unexpected 
physics. 

Greenhill, 2018 
 
Role of SKA: Refining the measurements; measuring 
properties of the dark matter; looking at a higher 
frequency emission feature; detecting fluctuations due to 
RRLs and primordial fluctuations; applying a 3D 
tomography approach, etc, etc. 
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3D Tomography of Neutral Hydrogen 

• Movie 1 (As we change frequency – the SKA as a time machine) 
• Movie 2 (God’s eye view) 
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R. A. Sunyaev, and J. Chluba 2009 
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By Barbel Koribalski 
9 July 2018 
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ASKAP Projects: WALLABY, GASKAP, EMU 65 



From: The Local Volume H i Survey (LVHIS) 
Mon Not R Astron Soc. 2018;478(2):1611-1648. doi:10.1093/mnras/sty479 
Mon Not R Astron Soc | © 2018 The Author(s) Published by Oxford University Press on behalf of the Royal Astronomical 
SocietyThis article is published and distributed under the terms of the Oxford University Press, Standard Journals Publication 
Model (https://academic.oup.com/journals/pages/about_us/legal/notices) 66 
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From: The Local Volume H i Survey (LVHIS) 
Mon Not R Astron Soc. 2018;478(2):1611-1648. doi:10.1093/mnras/sty479 
Mon Not R Astron Soc | © 2018 The Author(s) Published by Oxford University Press on behalf of the Royal Astronomical 
SocietyThis article is published and distributed under the terms of the Oxford University Press, Standard Journals Publication 
Model (https://academic.oup.com/journals/pages/about_us/legal/notices) 69 
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• SKA-1 will allow to extend the volume studied in this “pathfinder” 
survey by the factor of 100-1000, therefore to increase by the same 
factor number of galaxies studied, providing important data for the 
study of the dark matter content in galaxies at different epochs. 
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THANK YOU! 

72 



73 



Slower? 
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