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THANKS

ÅTo the organisers

ÅFor the invitation

ÅFor a really interesting and informative 
conference

ÅFor the opportunity to share ideas



THIS TALK

ÅWhat is the SKA?

ÅSKA Science

ÅThe South African SKA site, the MeerKAT, CBASS, HERA and 
HIRAX

ÅMeerKATscience

ÅData challenges of the SKA and the Big Data Africa programme 
(including the African Big Data Research Cloud)

Å{Y! {!Ωǎ IǳƳŀƴ /ŀǇƛǘŀƭ 5ŜǾŜƭƻǇƳŜƴǘ ǇǊƻƎǊŀƳƳŜ

South Africa must increase its participation the knowledge 
economy in order to grow and reduce inequality



SQUARE KILOMETRE ARRAY

ÅTruly a mega-project

Å²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǊŀŘƛƻ ǘŜƭŜǎŎƻǇŜ

Å²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǎŎƛŜƴŎŜ ǇǊƻƧŜŎǘ

ÅGlobal participation

ÅHuge data rates

ÅTransformational science

ÅTwo phases (SKA-1 and SKA-2) up to 2030

ÅThe scale of the SKA represents a leap forward in 
both engineering and research and development. 



SKA ςA MEGA-PROJECT IN SCIENCE

ÅHigh profile, so attracts attention to science and technology ς
very good public and political coverage

ÅChanges national and international perception of what we can 
do in South Africa ςworld-leading science and technology

ÅAttracts young people to study science and technology

ÅUnlocks public sector funding

ÅAttracts industry collaboration

ÅSKA Africa builds on all of these to maximize the development 
benefit as well as the science

Å240 people directly employed by SKA SA in three locations: 
Karoo; Cape Town; Johannesburg

ÅMany more in universities and industry working with us



THE SKA IS A GLOBAL PROJECT

ÅTencountries are members of the SKA Organisation ςAustralia, 
Canada, China, Germany, India, Italy, New Zealand, South 
Africa, Sweden, The Netherlands and the United Kingdom. 

Å India now a full member of the SKA Organisation through the 
DAE 

ÅThe SKA Organisation is headquartered at the Jodrell Bank 
Observatory, near Manchester in the United Kingdom.

ÅApproximately 100 organisations and companies from 20 
countries areparticipating in the design and development of 
the SKA 

Å India is fully involved, especially in the telescope manager 
software design consortium (consortium lead)



SKA Organisation: 10 countries, more to join

Australia (DoI&S)
Canada (NRC-HIA)
China (MOST)
India (NCRA/DAE)
Italy (INAF)
Netherlands (NWO)
New Zealand (MED)
South Africa (DST)
Sweden (Chalmers)
UK (STFC)



WHAT WILL THE SKA DO?

ÅThe SKA will use thousands of dish antennas and up to a 
million dipole antennasthat will enable astronomers to 
monitor the sky in unprecedented detail and survey the entire 
sky muchfaster than any system currently in existence

ÅThis will give the SKA unrivalled scope in observations, 
exceeding the image resolution quality of the Hubble Space 
Telescope

ÅSKA will also image hugeareas of sky with an unprecedented 
level of sensitivity



SKA IN AFRICA

Partner Countries:
ÅBotswana
ÅGhana
ÅKenya
ÅMadagascar
ÅMauritius
ÅMozambique
ÅNamibia
ÅZambia
ÅSupported by African 
Union Heads of State



SKA CORE IN THE KAROO



SKA CONSTRUCTION TIMETABLE

ÅMeerKAT- 64 x 13.5m diameter offset 

dishes over 8km

ïCompletion 2017

ÅSKA1-MID ς197 x 15m dishes over 150km

ïDesign phase 2013-2016

ïConstruction 2018 - 2022

ÅSKA2-MID ςup to 2500 dishes over ~ 3000km

ÅSKA2-MFAA ςmid-frequency aperture array

ïDesign starts about 2019 

ïConstruction about 2023-2030

Å In Western Australia

ï125 000 low frequency antennas for 

SKA1-LOW

ïSKA2-LOW not yet clear



Great Observatories for the coming decades 

E-ELT/TMT/GMT: optical/IR

Atacama Large Millimetre Array 
(ALMA): mm/submm

James Webb Space Telescope: 
NIR

Square KilometreArray: 
cm/m



WHY THE SKA?

SKA will be one of the great physics machines of 21st Century and 
one ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜƴƎƛƴŜŜǊƛƴƎ ƳŀǊǾŜƭǎ 

The SKA will be able to conduct transformational science, 
breaking new ground in astronomical observations to investigate: 

ω 9ƛƴǎǘŜƛƴΩǎ ǘƘŜƻǊȅ of relativity to the limits
ω How the very first stars and galaxies formed  

just after the Big Bang

ω Themysterious force known as dark energy, 
the discovery of which gained the 2011 Nobel  
prize for physics

ω The powerful magnetic fieldswhich permeate 
the cosmos

ω Whether we are alone in the universe



Element SKA1scale SKA2 scale

Dishes, feeds, receivers ~200 ~2500

Aperture arrays ~130,000 ~1,000,000

Signal transport ~1 Pb/s ~10 Pb/s

Signal processing ~exa-MACs ~exa-MACs

High performance computing ~100s tera-flops ~exa-flops

Data storage Exa-byte capacity Exa-byte

Power requirements ~10MW ~50MW

SKA: driving innovation

Exa= 1018, or 1 followed by 18 zeroes; 
increase in compute capability by factor 1000

Key innovation: Software engineering and algorithm development



EXTREME DATA CHALLENGE

15

MeerKAT SKA1-Mid SKA2-Mid*

Into Correlator 2 Tbps ~20 Tbps up to ~5 Pbps

Into Science 
Processor

700 Gbps ~3Tbps up to ~500 Tbps

Into Archive 20 Gbps** ~300+ Gbps up to ~2 Tbps

Compute load 500 TFlops ~80+ PFlops ~3+ EFlops

*    Data rates indicative only

**     Sustained



HOW SENSITIVE WILL SKA BE?

ωCurrent radio astronomy techniques can detect planets 
orbiting nearby stars.

ωPhase 1 of the SKA will be able to detect the airport radar 
signals from these same planets, should any being be using 
such equipment 

ωPhase 2 of the SKA will be able to detect television 
broadcasts from the planets



BIG QUESTIONS IN COSMOLOGY

ÅWhy is the expansion of the Universe accelerating? Is it Dark Energy? Is 
it modified gravity?

ÅWhat is the nature of the primordial Universe? Was there Inflation? 
Are the primordial perturbations non-Gaussian?

Å5ƻŜǎ 9ƛƴǎǘŜƛƴΩǎ General Theory of Relativity really apply to 
cosmological scales, or does it needs modification?

Å Is the Universe really isotropic and homogeneous? Is the Universe 
really flat? 

Å SKA will not only measure cosmological parameters with more 
precision, but will answer fundamental questions in cosmology: this 
needs a ōŀƭŀƴŎŜ ōŜǘǿŜŜƴ άǇǊŜŎƛǎƛƻƴ ŎƻǎƳƻƭƻƎȅέ ŀƴŘ άŘƛǎŎƻǾŜǊȅ 
ŎƻǎƳƻƭƻƎȅέ 



SKA SCIENCE REVIEW PANEL PRIORITY:  COSMOLOGY 

Å άaŀǇ the 3D matter distribution on the largest scales and deepest redshifts ever - in 
order to obtain transformational constraints on primordial non-Gaussianityand to 
perform the first tests of gravity on super-horizon scales.έ

Å Require a large HI intensity mapping survey on SKA1-Mid

Å άtǊƻōŜ the initial conditions and  the global features of the Universe through non-
Gaussianityand the dipole in the matter distribution using high  precision 
measurements of the angular correlation functionsΦέ

Å Require a large continuum survey on SKA1-Mid

Å 9ȄǘǊŀ άƘŜŀŘƭƛƴŜέ ǎŎƛŜƴŎŜΥ aŀǇ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ IL ƻƴ ŎƻǎƳƻƭƻƎƛŎŀƭ ǎŎŀƭŜǎ ŦǊƻƳ ȊҐнл 
ǘƻ ȊҐл όάƳŀƪŜ ŀ ƳƻǾƛŜ ƻŦ ǘƘŜ ¦ƴƛǾŜǊǎŜΗέύ

Å Combine SKA1-Low with large HI intensity mapping survey on SKA1-Mid 

All of this science is transformational ςand not possible without SKA



FINDING ALL THE PULSARS IN THE MILKY WAY

ÅTiming precision is expected to increase by factor ~100

ÅRare and exotic pulsars and binary systems: including PSR-BH systems!

ÅTesting cosmic censorship and no-hair theorem

ÅCurrent estimates are ~50% of population with SKA1, 100% with SKA2

- ~40,000 normal pulsars
- ~2,000 millisecond psrs
- ~100 relativistic binaries
- first pulsars in Galactic Centre
- first extragalactic pulsars

(Cordeset al. 2004, Kramer et al. 2004, Smits et al. 2008)



THE TRANSIENT RADIO SKY

ÅCƻǳǊ ŎŜƭŜǎǘƛŀƭ άCw.έ ŜǾŜƴǘǎ ƴƻǿ ŘŜǘŜŎǘŜŘ όŀŦǘŜǊ ŦƛǊǎǘ άLorimerέ ōǳǊǎǘύΥ 
S = 0.5 ς1.3 Jy, ɲǘ= 1 ς6 msec, DM = 550 ς1100 cm-3 pc

ÅEstimated event rate: 1x104 sky-1 day-1

ÅCompletely unknown origin, possibly at cosmological distances 



THE SKA SOUTH AFRICA PROGRAMME

ÅPrepare and conduct the site bid

ÅPrepare the greenfield SKA site(s) and infrastructure

ÅBuild the MeerKAT64-dish array

ÅProtect the radio quietenessof the site

ÅParticipate in the design and governance of the SKA

ÅHuman Capital Development Programme

ÅCommunity development projects

ÅOutreach

ÅAfrican Very Long Baseline Interferometry Network

ÅHost and collaborate on PAPER, HERA, C-BASS and possibly 
HIRAX telescopes



SKA SITE

Protected Central 
Astronomy 
Advantage Area 
(AGA Act)

Population density 



AVOIDING RADIO FREQUENCY INTERFERENCE



THE SITE IN 2003



ALTERNATIVE COMMUNICATIONS

Portable Radio 

Farm house
Radio Network

Mobile Radio

VoIP
Internet 
Email

Karoo telecommunications are poor

SKA expanding provision of radio astronomy friendly telecom 
services to public, municipal services, rural safety

ï Voxsatellite voice and data

ï Mobile voice connectivity ςestablish radio astronomy friendly 
mobile network for area. Opportunities for local entrepreneurs to 
manage and operate network

ENSURING ACCESS TO ΨRADIO ASTRONOMY-FRIENDLYΩ 
TELECOMMUNICATIONS



THE PRESIDENT VISITS SIP16

ωSKA & MeerKAT - Special 
Infrastructure Project 16

ωPresidential Infrastructure 
Coordination Commission



DEPUTY PRESIDENT AND MINISTER AT MeerKATANTENNA

Very good support - deliver 
what we promise, on time



BRICS MINISTERS VISIT THE SITE IN 2014



ESTABLISHING THE KAROO SITE

POWER ROADS ςSEALED 2016

DATA BURIED RETICULATION



INFRASTRUCTURE

New 33 kV Power line with MASS fibre 
optic cable approaching Core Site

CARNARVON
POP SITE

Long-haul fibre from site to Cape Town ς2010/2011



LOSBERG SITE 2014

Antenna shed

Berm

Bunker



KAT7



MeerKATCORE



MeerKATand SKA1-MID LAYOUT



CONTROL ROOM IN PINELANDS



ROTARY UPS
BUNKER FOR RFI AND 

TEMPERATURE CONTROLDISH SHED

SITE INFRASTRUCTURE AT LOSBERG



RFI SHIELDED ROOM



RADIO INTERFERENCE : IS THE BIGGEST THREAT



THE MeerKATTELESCOPE

Å{ƻǳǘƘ !ŦǊƛŎŀΩǎ άǇǊŜŎǳǊǎƻǊέ ƛƴǎǘǊǳƳŜƴǘΦ 
ÅIt was initially intended to allow us to 
benefit from technology and science 
development and human capital 
development
ÅDesigned, developed and built by SKA 
South Africa with industry 
ÅWill be integrated into SKA-1 about 2022
ÅExperience in constructing MeerKATis 
proving invaluable in SKA-1 design and 

technologies.


