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THANKS

A To theorganisers
A For the invitation

A For a really interesting and informative
conference

A For the opportunity to share ideas
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THIS TALK

A What is the SKA?
A SKA Science

A The South African SKA site, tleerK ATCBASS, HERA and
HIRAX

A MeerKATscience

A Data challenges of the SKA and the Big Data Africa programm
(including the African Big Data Research Cloud)
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SouthAfrica mustincrease its participation the knowledge
economyin order togrow and reduce inequality
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SQUARE KILOMETRE ARRAY

A Truly a megaroject
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A Global participation

A Huge data rates

A Transformational science

A Twophases (SKA and SKA&) up to 2030

A Thescale of the SKA representteapforward in
both engineering and research and development.
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SKA; A MEGAPROJECT IN SCIENCE

A High profile, so attracts attention to science and technology
very good public and political coverage

A Changes national and international perception of what we can
do in South Africg world-leading science and technology

A Attracts young people to study science and technology
A Unlocks public sector funding
A Attracts industry collaboration

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

A 240 people directly employed by SKA SA in three locations:
Karoo; Cape Town; Johannesburg

A Many more in universities and industry working with us
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THE SKA IS A GLOBAL PROJECT

A Tencountries are members of the SKA Organisatjédwstralia,
Canada, China, Germany, India, Italy, New Zealand, South
Africa, Sweden, The Netherlands and the United Kingdom.

A Indianow a full member of the SK®@rganisation through the
DAE

A The SKA Organisation is headquartesiethe Jodrell Bank
Observatory, near Manchester in the United Kingdom.

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

A India is fully involved, especially in the telescope manager
software design consortium (consortium lead)
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SKA Organisation: 10 countries, more to join

Australia Dol&S
CanadgNRCGHIA)
China (MOST
India(NCRA/DAE)
Italy (INAF)
Netherlands WO)
NewZealand (MED)
South Africa (DT
Sweden(Chalmer}
UK(STFC)
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‘ Full members //// African partner countries .
\\\\\ SKA Headquarters host country (non-member SKA Phase 2 host countries)

///// SKA Phase 1 and Phase 2 host countries

Exploring

This map is intended for reference only and is not meant to represent legal borders



WHAT WILL THE SKA DO?

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

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

A SKA will also image hugeeas of sky with an unprecedented
level of sensitivity

National
Research
Foundation  SKAArrca Africa

W science
Se#® & technology 3
{ @ ) Deparment
A4/ S d Technol
N REPUBLIC OF SOUTH AFRICA RF




SKA IN AFRICA

SKA Stations in Africa - Phase Il Partner Countries:
A Botswana

A Ghana

A Kenya

A Madagascar

A Mauritius

A Mozambique

A Namibia

A Zambia

A Supported by African
Union Heads of State
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SKA CORE IN THE KAROO
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SKA CONSTRUCTION TIMETABLE

A MeerKAT 64 x 13.5m diameter offset
dishes over 8km
I Completion2017
A SKAIMID¢197x 15m dishesver150km
I Design phase 2013016
I Construction 20182022
A SKA2MID ¢ up to 2500 dishes over3000km
A SKA2MFAAC mid-frequency aperturerray
I Design starteabout2019
I Constructiomabout 20232030
A In Western Australia
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Great Observatories for the coming decades =%
EELT/TMT/GMT: optical/IR
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Universe with the world's argest radio telescope



WHY THE SKA?

SKAwill be one of the great physics machines oft £enturyand
one2¥ GKS ¢2NI RQa SYIAYSSNAY
TheSKA will be able to conduct transformational science,
breaking new ground in astronomiaatbservations to investigate:

©  9AY A SA ¢ emtivity 0B liNiEs

W How the very first stars and galaxiésrmed
just after the Bid3ang
W Themysterious force known as dark energy,

the discoveryf whichgained the2011 Nobel
prizefor physics

W The powerfulmagneticfieldswhich permeate
the cosmos
W Whether we are alone in the universe
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SKA: driving innovation

Dishes, feeds, receivers ~200 ~2500
Aperture arrays ~130,000 ~1,000,000
Signal transport ~1Pb's ~10PW's
Signal processing ~exaMACs ~exaMACs
High performance computing ~100stera-flops ~exaflops
Data storage Exabyte capacity Exabyte
Power requirements ~10MW ~50MW

Key innovationSoftware engineering and algorithm development

Exploring the Universe with the world's largest radio telescope
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EXTREME DATA CHALLENGE

MeerKAT SKAMId SKA2Mid*

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

Into Science  700Gbps ~3Thbps up to ~500 Thbps
Processor

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

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

*  Data rates indicative only
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HOW SENSITIVE WILL SKA BE?

w Current radio astronomy technigues can detect planets
orbiting nearby stars.

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

w Phase 2 of the SKA will be able to detect television
broadcasts from the planets
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BIG QUESTIONS IN COSMOLOGY

A Why is the expansion of the Universe accelerating? Is it Baigy? IS
It modified gravity?

A What is the nature of the primordial Universe? Was there Inflation?
Arethe primordialperturbationsnon-Gaussian?

A52Sa 9 /G¢neral SHegf\(bé Relativity readipplyto
cosmologicascalespr does it needs modificatich

A s the Universe really isotropic and homogeneous? Is the Universe
really flat?

A SKA willhot only measure cosmological parameters with more
precision, butwill answer fundamental questions in cosmologthis
needsad I f YOS 0SU6SSY AGLINSOA&AAZY
Ozavyzf2z23Je¢
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SKA SCIENCE REVIEW PANEL PRIORITY: CO:

A & a I'the) 3D matter distribution on the largest scales and deepest redshifts-éwer
order to obtain transformational constraints on primordial n@aussianityand to
perform the first tests of gravity on supéiorizon scales.

A Require a large HI intensity mapping survey on SKWi

A &t NEhéifitial 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 functidn$

A Require a large continuum survey on SKid

A QEGN} aKSFRtAYSé &aO0ASYOSY al LJ i KS
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A Combine SKALow withlarge HI intensity mappingurvey on SKA—MId

All of this science is transformationahnd not possible without SKA
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FINDING ALL THE PULSARS IN THE MILKY WA

(Cordeset al. 2004 Kramer et al. 20046 mits et al. 2008)

- ~40,000normal pulsars

- ~2,000 millisecong@srs

- ~100relativisticbinaries

- first pulsars in Galactic Centre
- first extragalactic pulsars

ATiming precision is expected increase by factor ~100

ARare and exotic pulsars and binary systems: includingBPSsystems!
ATesting cosmic censorship and-nair theorem

ACurrent estimatesare ~50% ofpopulation with SKA1, 100% with SKA2
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THE TRANSIENT RADIO SKY

A Population of Fast Radio Bursts at Cosmologlcal Dlstances
D. Thornton et al. .
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THE SKA SOUTH AFRICA PROGRAMME

A Prepare and conduct the site bid

A Prepare the greenfield SKA site(s) and infrastructure
A Build theMeerKATe4-dish array

A Protect the radicqquietenesof the site

A Participate in the design and governance of the SKA
A Human Capital Development Programme

A Community development projects

A Outreach

A African Very Long Baseline Interferometry Network

A Host and collaborate oRAPERHERAG-BASSiNd possibly
HIRAX telescopes
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SKA SITE

- Protected Central

®5KA_Configuration_SPDO_Dish_Full
©AA1_SPDO_Versiont

Astronomy

Population (per sq km)
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[Jo1.00000001 - 118
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[ll189.0000001 - 197

{157 0000001 - 225
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w— National Roads
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Other Access
— Tracks
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AVOIDING RADIO FREQUENCY INTERFERENC
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THE SITE IN 2003
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ALTERNATIVE COMMUNICATIONS

ENSURING ACCES3RADIO ASTRONOMPRIENDIY
TELECOMMUNICATIONS

Karoo telecommunicationare poor

SKAexpandingprovision of radio astronomy fnendty:lecom/
services tqublic, municipal services, rural safety

T Voxsatellite voice and data

l Satellite Broadband
| & .

VolP
Internet
Email
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Pnrtahle Radin

Radio Network Farm house

Mobile Radio

I Mobile voice connectivity establish radio astronomy friendly
mobile network for area. Opportunities for local entrepreneurs to
manage and operate network
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THE PRESIDENT VISITS SIP16




DEPUTY PRESIDENT AND MINIS MdeKATANTENNA

Very good supportdeliver
what we promise, on time
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BRICS MINISTERS VISIT THE SITE IN 2014

iyl

mmmm ||||||“"""”“|""
WHUTHITHATH T

L

il

|
|

n

SKEN—1Vg
4

4

National
Research
Foundation

RF

Science and Technology
REPUBLIC OF SOUTH AFRICA

Department



ESTABLISHING THE KAROO SITE

ROAD& SEALED 2016
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INFRASTRUCTURE

Longhaulfibre from site to Cape Towg2010/2011

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

CARNARVON
PORSITES s

w science -
w® & technology 3 m— Sd caw
kw@‘) Scince and Technol Research  P2/§3  comamm
Q) i/ cience and ‘echnol
R REPUBLIC OF SOUTH AFRICA RF | -

Foundation  SkAarrca Africa




LOSBERG SITE 2014
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Antenna shed
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MeerKATCORE
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MeerKATand SKAMID LAYOUT

KAT?
MeerkAT
SKA Phase 1
[ PAPER Telescope

Zwartkop Legend
¢ KAT7
Ondgrstedorings
B ®  MeerKAT
: i ® SKAPhase 1
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CONTROL ROOM IN PINELANDS
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SITE INFRASTRUCTURE AT LOSBERG
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RFI SHIELDED ROOM

©2015 ROB MILLENAAR
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RADIO INTERFERENCE : IS THE BIGGEST THF

Legend

— National Roads

—— Main Roads

—— Secondary Roads
Other Access

e Tracks
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THEMeerKATTELESCOPE

A 2dz0K | FNAOF Q& & LIN
At was initially intended to allow us to
benefit from technology and science
development and human capital
development

Mesigned, developed and built by SKA
South Africa with industry

ANill be integrated into SkAabout 2022
AExperience in constructingeerkKATis
proving invaluable in SKAdesign and

technologies




