An Engineering Challenge for Next-Generation
Astronomical Research :
The Square Kilometre Array
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The Deep Sky
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A radio telescope array — the VLA p -l

VLA

— 27 X 25m
dishes

— Array

configuration
expands from
1km to 35km

Most
productive
radio telescope
in the world
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An international megascience project’
— 55 Institutes in 19 countries

— 15 Funding Agencies in the “Informal Funding
Agencies Workgroup”

— 100 FTE on SKA R&D

— 120 astronomers and engineers on committees and
workgroups

100 times more sensitive than today’s best
Instruments

Proposed capital budget of 1.5 billion €/£/%’s
Operational circa 2021
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Square Kilometre Array

» Distributed array of some
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Why build it?

 Fundamental questions in physics and astronomy
— “What are the basic properties of the fundamental particles and
forces?”

* Neutrinos, Magnetic Fields, Gravity, Gravitational Waves, Dark
Energy

— “What constitutes the missing mass of the universe?”

» Cold Dark Matter (e.g. via lensing), Dark Energy, Hot Dark Matter
(neutrinos)

— “What is the origin of the Universe and the observed structure
and how did it evolve?”

« Atomic hydrogen, epoch of reionization, magnetic fields, star-
formation history......

— “How do planetary systems form and evolve?”

* Movies of Planet Formation, Astrobiology, Radio flares from exo-
planets......
— “Has life existed elsewhere in the Universe, and does it exist
elsewhere now?”

« SETI



The universe as we don’t know It
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What Is the Reionization Era?

Time since the
big bang (years):

~ 300,000

~ 500 million

~ 1 billion

~ 9 billion

~13 billion

A Schematic Outline of the Cosmic History

<+ The big bang

The universe fills
with ionized gas.

< The universe
becomes neutral
and opaque.

The dark ages start.

Galaxies and quasars
begin to form.

The reionization starts.

The cosmic renaissance.
The dark ages end.

<+ Reionization is complete.
The universe becomes
transparent again.

1 Galaxies evolve.

“

The solar system forms.

Today: Astronomers
figure it all out!







International R&D : Dishes+Single
Pixel Feeds o l

USA

ATA 6m
hydroformed dish

10 m composite
dish

i

So Africa

15 m composite dish




International R&D: Dishes+Phased Array .. .
Feeds ort
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International R&D: Multi-beaming with a

dense aperture array

SKA Design Study (Europe)
EMBRACE (ASTRON)




International R&D : Sparse

aperture arrays
LOFAR (Netherlands et al)

~

LWA (USA)

MWA (USA, Australia)
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South Africa —
International Hub of Astronom
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South Africa —
International Hub of Astronomy
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South African SKA Participation...

Why?

 We have an excellent site
— Good RFI environment
— Stable ionosphere
— Dry and stable troposphere
— Remote but accessible
— Common sky coverage with existing telescopes

o Capacity to construct and support the SKA

— Proven project management track record

— World-class manufacturing and construction industry
« Government commitment

— Astronomy Geographic Advantage Act

— Astronomy Geographic Advantage Programme
— Implementation of basic infrastructure
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SKA South Africa Project Office







South African SKA
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Population density, transport
Infrastructure and RF transmitters
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South African Radio Frequency
Measurement Campaign

14 0,000,000 : - &) RFI Measuring Site







South African Radio Frequency
Measurement Campaign o




South African Radio Frequency Measurement

Campaign

Spectral power flux density [dB(W:‘n‘?ﬂ-lz]
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Astronomy Geographical Advantage Act

Empowers the Minister for Science and
Technology to declare protected areas
around strategic astronomy sites by

publication in the Government Gazette.

The Act empowers the Minister to prohibit
over-flights

The Act covers both radio and optical
astronomy

Three tiers of protected areas:

— Core area — the physical area of the
observatory / instrument

— Central area — surrounds the core area.
Minister prohibits certain activities /
categories of activities in this area

— Coordination area —Minister sets standards
which activities must comply with

Protected areas apply to existing and new
activities

THE PRESIDENCY

MOPRESIDENTE

Mo. 665 17 June 2008 | No. 656 17 Jume 2008

Itis hereby notified that the President has | Go itsisiwi fano gore MoPresidente o
assented to the following Act, which is|saennwe Molao o o latelang o o
hereby published for general informa- | phasaledivang kitso ya botlhe fanoi—
tion:—

Mo. 21 of 2007: Astronomy Geographic|No. 21 2007: Molac wa Mafelo a a
Advantage Act, 2007, Siametseng Bolepanaledi wa 2007,

JOO0ENOLY i

% AID'S HELPLINE: 0BD0-0123-22 Pravention Is the cure
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MeerKAT (Karoo Array Telescope) l




MeerKAT

Parameter MeerKAT

A >80x15m=14139m? (or area equivalent)
Toye 27K

v [GHZ] 0.5-10

Av 512 MHz

Spectral channels 65536

Av, . 300 Hz

Nominal baseline (max) 5 km

Spatial resolution

10” x (1420MHz/v) x (5km/L)

Instantaneous FoV

0.73 x (1420MHz/v)? x (15m/D)? deg?

Post-calibration polarisation purity

40 dB

* Includes planning for mid/low frequency aperture array
 Maximum baseline not yet settled — imaging vs. point sources
» Dish diameter not yet settled — cost function dependent on more

than just science




MeerKAT Team, Cape Town




meerKAT Project

E- .................................................. | Manager / Leader
v
Project
scientists
4
________ ;| meerKAT Project KAT (Cape Town) | meerKAT
Engineer Project Manager Infrastructure Team

CT Project Office
support staff

System
engineers
Digital signal Radio Software Dishes Feeds
processing frequency and
engineering computing




MeerKAT timescales

10% SKA Full SKA
construction? construction?
< > >
2004 05 06 07 08 09 10 12 14 227
KAT J _ meerKAT science
conceptualised KAT planning,

team recruited,
prototypes and
R&D conducted

meerKAT
con-
struction

KAT commiissioning

v

KAT
construction

meerKAT commiissioning+——Y-e



I\/Iaking KAT happen — risk driven concurrent design

approach
I Validation
I/
I .
User Requirements definition User Opera.tlonal
spec I testing
I Verification
System Design System kl/\ System
& Modeling spec I int. & test
I  Verification
. Sub-
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& Prototyping spec | Verification int. & test S O
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Critical design review

Risk-driven
Concurrent design

Time



Making KAT happen — implementation through

prototypes

Future
Future w

ut Karoo
uture .
Pre-production
HartRAO
model (PPM)
Future HartRAO
Advanced development
model (ADM)
HartRAO

Current :
Experimental development

model (XDM)
SAAOQ, Cape Town

Completed

Current Production Equivalent

demonstrator (PED)



Challenges

Geographical diversity
— Teams based in Cape Town, Johannesburg and Grahamstown

Very tight deadlines

— 15 year project in 5 years, resulting in incomplete test and
verification cycles

— Over-engineered prototypes

Experience in radio astronomy

— Traditionally, radio telescopes built by scientists

— Expertise held by scientists

— Initial ‘incompatability’ between scientists and system engineers
Future proofing

— User requirements are ‘unknown’

Highly skilled team members
— High proportion of PhD’s and masters degrees



MeerKAT... work in progress 1
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Roads and power

Legend
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14 000 Ha of land purchased for MeerkKAT - ‘“'r




RFI-shielded on-site complex for MeerKAT to be buHLat
Losberg ‘ l
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Support base for MeerKAT at Klerefontein, ... .
near Carnarvon <

=




Data Transport
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MeerKAT Collaborations

e South Africa is part of SKA Design Study (FP6 programme) and
PrepSKA (FP7 programme)

» Participating in new technology receiver development (FPA) with UK
SKADS group (Cambridge, Oxford, Manchester) and ASTRON
« EXisting technology partnerships

— CONRAD (www.conradsoftware.org)— South African/Australian
collaboration to develop software for new generation radio astronomy
array telescopes

— CASPER(casper.berkeley.edu) — Collaboration to develop new
generation, generic backend digital signal processing boards for
astronomy facilities

« Other collaborations
— Caltech/Jet Propulsion Labs (USA)
— University of lllinois (USA)
— University of Wisconsin
— Cornell University
— IBM



Collaboration with
Berkeley University to
develop ROACH

(digital back end for
MeerKAT)



Human Capital Development

Initiated in 2004 to leverage attraction of SKA and MeerKAT

Raise interest of careers in science and technology and grow
human capital in

radio astronomy, fundamental physics, radio frequency engineering,
digital signal processing, software engineering, high-performance
computing, rapid data transport and related subjects.

Strategy to grow science, engineering and technology at school,
undergraduate, post- graduate and senior research levels

The SA SKA senior researchers programme

The SA SKA postgraduate bursay programme

The SA SKA undergraduate bursary and development programme
The SA SKA astronomy and engineering schools programme

The SA SKA supplementary mathematics and science teaching
programme

The SA SKA Youth into Science programme

Dual supervision agreements for SA SKA/KAT bursars with
Cambridge, Oxford, Manchester, Caltech, lllinois



SKA SOUTH AFRICA
SQUARE KILOMETRE ARRAY

Dr. Adrian Tiplady
atiplady@ska.ac.za

+27 11 442 2434

science and technology

Department:
Science and Technalogy
REPUELIC OF SOUTH AFRICA
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