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FROM THE SKA PROGRAM DEVELOPMENT OFFICE

Another SKA Newsletter, another bumper
crop of news items from around the world!
When you read these pages, you’ll get a sense
of the large number of engineering, science,
and organisational threads that are being
pursued by the collaboration, as well as a
sense of satisfaction with the achievements
made in the last six months. Some of the
highlights from my perspective are the
progress made on the technical side in
defining the overall SKA system, the work
done for the site characterisation in Australia
and South Africa, the increased focus on
outreach, the engineering milestones passed
by the design studies, precursors and
pathfinders around the world, the delivery of
the PrepSKA mid-term report and the revised
Description of Work for Work Package 2
(WP2), and the progress on policy issues.

Officer, Ian Morison, retired in September;
thanks Ian for all your hard work over the last
couple of years. Site characterisation is going
into full gear in 2010 with the radio frequency
interference (RFI) measurement campaign due
to start in early April, and the tropospheric
phase monitoring campaign later this year. The
site selection process itself is planned to start in
mid-2011, which is not all that far in the future.
Top of the technical achievements over the last
six months are the installation of the first dishes
in each of the precursor arrays, MeerKAT and
ASKAP, and the milestone of first fringes with
MeerKAT. More than half of the LOFAR stations
have now been deployed and exciting results
are already in hand; MWA is also making
significant progress. The completion of the four
year SKA Design Study (SKADS) at the end of
2009 marks a major milestone in the
characterisation and development of aperture
arrays for the SKA. Congratulations to Arnold
van Ardenne, SKADS Coordinator, and his team!

The second annual PrepSKA WP2 meeting in
October 2009 in Manchester brought over
100 people together to present work on the
SKA system design and to discuss and debate
issues. Agreements were reached on the
documentation needed for the Conceptual
Design Review on the SKA system that was
held in late February 2010. This is the first
time that the international project has been
reviewed by an external panel. Another
highlight was the first public release of the
Design Reference Mission in which the
science case has been analysed to obtain the
most exacting or “envelope” technical
specifications. If the technical design can
meet these combined specifications, the SKA
will be able to do all the science in the science
book; whether that is possible will become
apparent as WP2 proceeds.

The SKA Science and Engineering Committee
(SSEC) and the Agencies SKA Group also met in
Manchester in October 2009 to focus on the
policy issues of construction and operations
funding, governance, procurement rules, SKA
schedule and timeline, and the site selection
process.
Funding,
governance,
and
procurement are also PrepSKA Work Packages,
led by the funding agencies in the UK, the
Netherlands and Italy. These are not such
glamorous topics as science and engineering,
but no less vital to get right.
Finally, SKA2010 our annual science and
engineering meeting, is nearly upon us. It
promises to be a rewarding gathering, and I
look forward to seeing many of you there.

Our new Outreach Officer, Jo Bowler, and her
global Outreach Committee have put a
comprehensive set of plans together for this
year including the production of a spectacular
new telescope fly-by animation by Swinburne
Astronomy Productions. Our former Outreach

Richard Schilizzi
Director, SPDO
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NEWS FROM THE PROJECT

SPDO ENGINEERING ACTIVITIES
during the review. The review report is
expected to be published around the end
March 2010. Contact your liaison engineer to
view the documents, the review plan and the
presentations

WP2 Meeting – October 2009
The second PrepSKA WP2 meeting was held in
Manchester in October 2009. This was a
working meeting, designed to provide a forum
to report on progress, to present ideas and to
debate the science and engineering objectives.
There was a strong emphasis on reporting
progress and results specific to the emerging
SKA design, time scales and performance.
Presentations on cost-contained system
designs utilising different receptor approaches
were followed by presentations on the
associated risks of these approaches. There
were also more detailed discussions on
specific SKA components and operations. The
last day was devoted to discussions on
science/technology trade-offs - the process by
which the highest priority science, and the
most efficient SKA implementation, are
selected. These discussions are designed to
inform SKA participants of what lies ahead in
SKA developments.

Verification Programmes
The SKA will be the largest radio astronomy
project yet undertaken, and will utilise new
technology on a large scale. Some of the new
technology is available commercially or widely
used in radio astronomy already, but its
performance is being pushed to new levels.
Other technologies are completely new to
radio astronomy. A range of verification
techniques is required to ensure that we have
suitable technology to build the SKA. The most
extensive technique requires construction of
large sub-systems, followed by extensive
measurement and testing in an SKA-like
regime. Two of these programmes are being
planned, the Dish Verification Programme
(DVP) and the Aperture Array Verification
Programme (AAVP). The DVP is in advanced
stages of planning with the construction of the
Dish Verification Antenna (DVA-1). This will be
placed at the Very Large Array (VLA) site in
New Mexico (See section “Dish Verification
Antenna”). As part of the process, the VLA will
be used to characterise the behaviour of the
antenna and to verify that its performance is
sufficiently good to meet SKA system
performance requirements. The most difficult
aspect will be to meet the imaging dynamic
range requirement at decimetric wavelengths.
Planning for the AAVP is also well advanced
and aperture array technology will have to
reach a similar level of specification and be
equivalently verified. Planning for the
verification programmes will be an important
aspect of preparation for conceptual reviews
at the SKA sub-system level.

System Conceptual Design Review
The first of a series of formal Conceptual
Design Reviews, the system CoDR, was held in
Manchester in February 2010. Preparation for
this was an extensive project, requiring the
production of about 25 documents covering
more than 500 pages and culminating in the
three day review itself. The system CoDR
documents describe all aspects of the SKA
from science goals, implementation, support
and operations at the concept level, and
include a description of how the next phase,
System Definition, will be carried out. The
purpose of the next phase is to arrive at a set
of system requirements consistent with a clear
description of the science requirements, and a
good understanding of what can be delivered
(feasibility, cost, readiness, etc.). Of course a
great deal of detailed work will be needed to
arrive at the next phase, including obtaining
results from design reviews at the sub-system
levels. The globally selected system CoDR
reviewers put in a huge effort to absorb all the
documentation, and some very long days

Peter Dewdney
SKA Project Engineer and Chair, EWG
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SPDO
INDUSTRY
ACTIVITIES

procurement and contracts management,
early
strategic
engagement,
industry
expectations, communications with industry,
teaming and consortia, supply chains, and IP
arrangements. This work, together with
experiences of multi-nationals already
involved with the SKA pathfinders/precursors,
will be captured as a harmonised approach in
the SPDO Industry Engagement Strategy
document.

PARTICIPATION

Since commencing with the SPDO in April
2009, Phil Crosby (Manager – Industry
Participation Strategy) has been working
diligently to appreciate the international
perspective of the SKA programme, and its
institutional and industrial community. Effort
has been directed in four broad areas.
First, Phil has been working alongside the
PrepSKA Work Package 5 (WP5) leader in INAF
in delivery of goals concerned mainly with
procurement
and
industry
capability
assessment. The initial draft of the
Procurement Guidelines for WP2 has been
revised and circulated (Perna, Crosby,
Colangelo), and a draft model for global
industry capability assessment is currently
under development. INAF staff are progressing
the industry capability register database
design.

Lastly, the SPDO is supporting a number of
industry related activities such as; the COST
initiative to develop sound business models for
supporting the SKA case with contributing
governments; representation at industry
focused events and meetings, the Power
Investigation Task Force, early stage
consultancy procurement; and assistance with
industry cooperation agreements. To this
end, the SPDO has recently signed a
“statement of mutual intent" with IBM. This
non-binding arrangement sets out the
intentions and scope for continued discussions
and potential collaborations on certain
preliminary aspects of the Square Kilometre
Array project.

Second, work has commenced on investigating
acceptable intellectual property arrangements
for the SKA programme, and a draft IP policy
has been tabled before the SSEC for comment.
It is expected that, following feedback and
professional advice, an IP policy may be
approved in coming months.

Phil Crosby
SKA Manager - Industry Participation Strategy

Third, Phil has been investigating industry
engagement models at several mega-science
project facilities, including aspects such as

SCIENCE
Activities involving the Science Working Group
(SWG) have been varied and include the first
public release of the Design Reference
Mission, participation in the PrepSKA Work
Package 2 annual meeting, participation in the
IAU General Assembly, supporting the
Astro2010 process and system conceptual
design review (CoDR), and continuing the
preparations for SKA2010.

technical requirements, on a set of
observations required to execute key
components of the SKA Science Case. In
addition to input from the SWG and the wider
scientific community, the DRM has also
undergone a technical review by the SPDO
Domain Specialists. The DRM is expected to be
a “living document”, responding both to
scientific and technical developments. In this
spirit, several minor changes have been
suggested, both to the presentation of
technical requirements as well as to the
scientific requirements. These minor changes
are being adopted, and a new version is
expected soon.
The DRM was one of the key documents
provided during the system CoDR. Together,

Design Reference Mission and System CoDR

The first public release of the Design
Reference Mission (DRM) occurred on 1
October 2009, and the document is available
through the SKA website. The DRM describes
the science requirements, and the resulting
4

the SKA Science Case and DRM provide the
overarching set of scientific requirements that
the telescope must meet. Thus, one of the
questions addressed at the system CoDR was
whether the system that is being designed is in
fact the correct one to address the scientific
requirements as laid out in the Science Case
and DRM?

describe the technical and programmatic
status of the SKA. Nonetheless, the responses
have been grounded in the SKA Science Case,
and SWG members have helped prepare both
documentation and supported a presentation
to an Astro2010 sub-panel.
International Astronomical Union General Assembly

The IAU XXVII General Assembly was held in
Rio de Janeiro, Brazil. Many SWG members
were on the Scientific Organising Committees
for different symposia, and many of the
plenary speakers referenced the SKA.
Furthermore, the SKA, and the science it will
enable, was one of the facilities highlighted in
the Special Session “Next Generation Large
Astronomical Facilities”.

PrepSKA WP2 meeting

This meeting was held to assess progress in
the worldwide effort toward the system
design under the PrepSKA auspices. As a result
of their participation, SWG members were
able to assess the current state of
developments and understand how these
developments were leading toward producing
a telescope capable of reaching the scientific
goals of the SKA.

SKA2010

Planned for 22-25 March 2010, in Manchester,
GB, this meeting follows in the spirit of many
previous SKA meetings (e.g., Paris, Pune,
Manchester). It is anticipated however, now
that the SKA has entered the system design
phase, this meeting will have a greater impact
on the scientific observations to be conducted
by the SKA as the result of various system and
engineering decisions. SWG members serve on
the Organising Committee for this meeting,
and several teleconferences have already been
held to direct the scientific content of this
meeting. An exciting programme of invited
speakers is beginning to be assembled and a
call for contributed papers has been issued.

There were also two sessions within the
meeting devoted to the specific topic of recent
scientific results with a potential impact on the
SKA
design.
SWG
members
made
presentations on topics ranging from nearby
stars that may have orbiting disks of material
within which planets are forming, to the most
distant galaxies. There was widespread
agreement that the presentations were
uniformly stimulating and exciting. The
challenge of the SKA design effort is to provide
capability that will enable the variety of
science described by SWG members.
Astro2010

As described in previous SKA newsletters, the
U.S. Decadal Survey is conducting an
assessment of projects for the next decade,
similar in spirit to the European AstroNet
process in 2008. The primary focus of the
events of the past six months has been to

Joseph Lazio
SKA Project Scientist and Chair, SWG

SIMULATIONS WORKING GROUP
The Square Kilometre Array (SKA) will be
operating at the time when several new large
optical, X-ray and Gamma-ray facilities are
expected to be working. To make the SKA both
competitive and complementary to these large
facilities, thorough design studies are needed,
focused in particular on imaging performance
of the array. One of the crucial aspects of such
studies is the choice of the array configuration,

which substantially affects the resolution, rms
noise, sidelobe level and dynamic range
achievable with the SKA. Analytical and
numerical studies for assessment and
optimisation of the SKA configurations have
been done as part of the SKA Design Study
(SKADS) project, with the results presented in
SKA Memo 107 (Lal et al. 2009).
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In this study, quantitative assessment of the
effect of the array configuration on imaging
performance of the SKA have been made,
based on two conceptual figures of merit
(FoM): the spatial dynamic range (SDR) and
the
uv-gap
parameter
expressing
incompleteness of the Fourier domain
coverage in interferometric observations.

the SDR not to be limited by the uv-coverage.
Numerical work under the SKADS project has
accommodated the SKA specifications on
6
for the
image dynamic range (>10
continuum), demonstrating that this would
require uv-gaps of 0.02 or less. This new
benchmark is now being implemented by the
Site Characterisation Working Group Array
Configuration Task Force at the SPDO in the
further array configuration and costing
studies.

The SDR is derived from the range of spatial
scales that can be reconstructed from
interferometer data and it depends on a
number of instrument parameters, including
the integration time of the correlator, channel
bandwidth, and the uv-coverage.

1

1

A.P. Lobanov , D.V. Lal , S. Jiménez1,2
Monferrer
1 -Max-Planck-Institut für Radioastronomie,
Bonn 2 -Universidad de Valencia

Previous analytical estimates (Lobanov 2003,
SKA Memo 38) indicated that the uv-gap
parameter should be less than 0.2, in order for

SITE CHARACTERISATION
PrepSKA Work Package 3 concerns “further
site characterisation” which is managed by
Rob Millenaar, the SPDO Site Engineer. The
Site Characterisation Working Group (SCWG)
assists the Site Engineer in this work. There
have been two teleconferences since the
previous newsletter report. In the sections
below a number of topics are reported that
have seen a lot of activity in the past half year.

and built to circumvent further delays. During
the design of the spectrometer, and
interfacing firmware, problems of differing
nature were experienced. These had to be
addressed in cooperation with the South
African developers of the ROACH hardware
platform and the associated low level
firmware. A very fruitful visit by the Australian
developer was paid to Cape Town where
crucial
problems
were
solved
and
development continued.

Radio Frequency Interference

The development of instrumentation has been
continued in the three main participating
countries:

South Africa, SKA South Africa – The overhaul
of the two trailers, including the re-build of the
RF electronics boxes was completed. When
the digital spectrometer is finished it will be
integrated and tested in South Africa.

The Netherlands, ASTRON – Development of
the data processing software has continued.
The software package under development
retrieves the measured data from disk, does
the calibration calculations, and applies these
to the measured RFI data. Part of the package
is also to perform automated reporting of the
results. It is planned that the bulk of the data
processing package will have been done by the
end of December 2009.

Because of the considerable delays in the
development of the digital hardware, it is now
expected that the two systems will start taking
measurements at the core locations of the two
candidate sites in April 2010.
Troposphere

In the past months the options for working
with partners in building two tropospheric
phase stability interferometers has been
further investigated and a plan is in place. The
systems will be observing a geostationary
satellite and will detect phase variations in the
signal that find their origin in the upper

Australia, CSIRO – The Australian group is
designing the digital spectrometer part of the
instrumentation. Progress on development has
been slow because of various reasons, of
which delivery problems were particularly
serious. A sampler board had to be designed
6

troposphere. We are working towards a yearlong campaign at the two core sites in South
Africa and Australia. The two sites will provide
day to day support.

accommodate the arrays in the two candidate
locations.
For the last step in the designs it is necessary
to have masks that determine where antennas
can or cannot be placed for reasons of
geography or radio interference. For many
months now there has been a major effort in
defining the specifications for those masks.
Contributions from the two site proponents
have been evaluated and combined into a first
draft mask specification document. This
specification is currently under review.
Subsequently the mask files will be produced
by the two site proponents and delivered to
the SPDO for use in the configuration designs.

Array Configuration

A major study and design effort is underway
for designing array configurations that can go
beyond paper studies on layouts, but
concentrate on a combination of scientific
excellence and the practical possibilities for
SKA arrays at the two candidate locations.
Investigations into areas where there is room
for optimising the configurations for the SKA
are being carried out. This includes the
preferred distribution of collecting area, the
transition from core areas to log-spiral arm
layouts and the population options for the
cores. This is all preparatory work for the final
designs of the configurations which will be
used for establishing the cost of the required
infrastructure
that
is
necessary
to

Rob Millenaar
SKA Site Engineer and Chair, SCWG

OUTREACH
Sim SKA online game

In November 2009, Jo Bowler took over the
position of SKA Outreach Officer from Ian
Morison. The Outreach Committee is involved
in a wide range of activities from writing
articles and representing the SKA at
conferences to producing the SKA animation
and sending out press releases about funding
wins,
appointments
and
engineering
breakthroughs. There are many plans afoot for
2010 including an SKA cartoon series and an
SKA episode for the 365 Days of Astronomy
podcast.

Members of the OC committee are currently
reviewing an online game, Sim SKA, due to go
live shortly on the new anzSKA public
engagement website http://www.ska.edu.au/.
The website (See section “Interactive SKA
Education Website Launched” for details) will
feature the Sim SKA game (Figure 1) in which
users create their own radio telescope array
that can make discoveries in line with the key
science goals of the SKA.

SKA brochure and flyer revisions

Major work over the past two months has
gone into revising the SKA brochure and flyer
ready for reprinting. Edits have been made to
ensure that the facts, figures and images are
accurate. A short print run is currently
underway to provide sufficient copies for the
spring and summer conference season. A
further revision will be carried out to include
images from the latest SKA animation (more
on this later) as well as a comprehensive
revision of the text and the latest technical
updates.

Figure 1. Sim SKA online game
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Scholarpedia

365 Days of Astronomy Podcast featuring the SKA

Wikipedia and Scholarpedia are one of the first
places that people look for information on the
SKA. With this in mind, Rainer Beck (MPIfR)
has written an excellent SKA entry for
Scholarpedia. Check out the SKA page here:
http://www.scholarpedia.org/article/Square_k
ilometre_array

The SKA has booked at broadcast slot for the
365 Days of Astronomy podcast. Initially
created for the International Year of
Astronomy, the podcast became so successful
that it has continued into 2010. The podcast
episodes are written, recorded and produced
by astronomers around the world. Listen out
for the SKA episode, due to be broadcast on 18
May 2010. http://365daysofastronomy.org/

Media Coverage

The SKA generates international media
interest and this is monitored and recorded by
the OC. Major news items are posted on the
SKA website and a monthly media coverage
report is now produced. If you would like to
receive copies of this please contact Jo Bowler.

Coming Soon...
SKA Cartoon

There are early plans in progress to create an
SKA cartoon series based on the science and
discovery potential of the SKA. Featuring a
group of animal mascots with international
backgrounds, the cartoon will emphasise the
international nature of the SKA whilst
approaching astronomical topics in a fun and
engaging way.

New SKA Animation

Unfortunately the latest edition of the SKA
animation, completed in late 2009, has poor
continuity and rendering. It is not sufficiently
intuitive to provide a standalone explanation
of the SKA and so Swinburne Astronomy
Productions has been commissioned to
produce an SKA animation featuring the latest
array layout and antenna design concepts. The
new animation will be created using
Swinburne’s rendering facility that uses the
Swinburne Centre for Astrophysics and
Supercomputing’s supercomputer which offers
significantly better performance than standard
animators can offer. Early stages of the
animation look impressive (Figure 2).

Journalist Information

There will soon be a new factsheet available
on the SKA website to provide journalists with
up-to-date information in non-technical
language. High resolution images suitable for
print publication, and edited clips from the
latest SKA animation, are also being regularly
added to the SKA website.
Conferences in 2010

Look out for members of the SKA Outreach
Committee on the SKA stand at the SKA 2010
Science and Engineering Meeting and the SKA
International Forum.
Get Involved!

If you have an idea for an outreach activity or
would like advice on how to go about SKA
outreach in your region, contact your local
Outreach
Committee
member
(http://www.skatelescope.org/pages/com_out
reach.htm)
or
contact
Jo
Bowler
bowler@skatelescope.org; Tel: +44 (0) 161 275
4130.

Figure 2. Comparison between the newly

Jo Bowler
SPDO Outreach Officer and Chair, OC

commissioned SKA animation and the existing
animation.
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MEETINGS
Future Meetings
US SKA Consortium meeting

Washington DC, US (3-4 June 2010)
By invitation only

CAP2010: Communicating Astronomy with the
Public 2010

Cape Town, ZA (15-19 Mar. 2010)

A New Golden Age for Radio Astronomy
OFC/NFOEC - The World’s Largest
Communications & Networking Event

Optical

Drenthe, NL (10-14 June 2010)

San Diego, CA, US (21-25 Mar. 2010)
Submission deadline: Closed

LOFAR Opening Ceremony

SKA2010: Annual SKA Science and Engineering
Meeting

Agencies SKA Group Meeting

Drenthe, NL (12 June 2010)

Manchester, GB (22-25 Mar. 2010)

Drenthe, NL (14 June 2010)
By invitation only

SKA Science & Engineering Committee SSEC 4

Connecting Industry, Society and Science workshop

Manchester, GB (26-28 Mar. 2010)
By invitation only

Drenthe, NL (14 June 2010)
International SKA Forum 2010

RFI 2010 - RFI Mitigation Workshop

TT Hall, Assen, Drenthe, NL (15 June 2010)

Groningen, NL (29-31 Mar. 2010)

PrepSKA Board and Working Group meetings

European Cooperation in Science and Technology
(COST) Workshop

Drenthe, NL (16 June 2010)

Rome, IT (30-31 Mar. 2010)
Non-science benefits of the SKA

SPIE 2010: Astronomical
Instrumentation

Telescopes

and

San Diego, CA, US (27 June – 2 July 2010)

24th European Frequency and Time Form

Noordwijk, NL (12-16 Apr. 2010)

38th Scientific Assembly of the Committee on Space
Research (COSPAR 2010)

RAS NAM2010: Royal Astronomical Society National
Astronomy 2010 meeting

Bremen, DE (18-15 July 2010)
Submission deadline: 19 February 2010

Glasgow, GB (12-16 Apr. 2010)

CASPER 2010

International Workshop on Phased Array Antenna
Systems for Radio Astronomy

Cambridge, MA, US (16-20 Aug. 2010)

Provo, UT, US (3-5 May 2010)
Submission deadline: 29 Jan. 2010

Joint European and National Astronomy Meeting
(JENAM 2010)

Lisbon, PT (6-10 Sept. 2010)

Radionet Board meeting

Sardinia, IT (4-5 May 2010)

German Astronomical Society: Zooming in: The
cosmos at high resolution

Astronomy with Megastructures: Joint Science with
the E-ELT and SKA

Bonn, DE (13-17 Sept. 2010)

Crete, GR (10-14 May 2010)

10th European VLBI Network Symposium: VLBI and
the New Generation of Radio Arrays

Magnetic Fields on Scales from Kiloparsecs to
Kilometres: Properties and Origin

Manchester, GB (20-24 Sept. 2010)

Krakow, PL (17-21 May 2010)

Annual PrepSKA WP2 meeting

Manchester, GB (Oct. 2010) (date tbc)

CASCA 2010: Canadian Astronomical Society

Halifax, NS, CA (25-28 May 2010)

SKA Science & Engineering Committee SSEC 5

IT (Oct. 2010) (date tbc). By invitation only
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SUMM ARY OF NEWS FROM THE CONSORTIA AND INSTITUTES

AUSTRALIA AND NEW ZEALAND

ASKAP Technical Developments

Australia and New Zealand have officially come
together as part of the international effort by
signing a collaborative arrangement on a joint
SKA bid. This confirms both countries’ shared
objective of working together to host the SKA,
and establishes the Australia – New Zealand
SKA Coordination Committee.

As the development of ASKAP progresses, the
project has met several key technological
milestones:
•
The analogue system has progressed
from concept to design phase.
•
Prototype hardware has been delivered
for the entire ASKAP beamformer.
•
Software for monitoring and controlling
the Parkes ASKAP test antenna has been
released.
•
The first simulated ASKAP 30-squaredegree image has been made - reaching
expected goals.
•
Significant progress has been made with
the development of synthesisers required
for each of ASKAP antennas.
•
Testing of ASKAP’s prototype phased
array feed has been undertaken when
equipped with improved low-noise
amplifiers.

ICRAR Launched

The Perth-based International Centre for Radio
Astronomy Research (ICRAR) had its official
launch in September 2009 to help coordinate
Western Australia’s radio astronomy research,
develop industry partnerships and engage with
students and the broader community about
radio astronomy.
ASKAP Site Agreement

ASKAP construction can begin at the
Murchison Radio-astronomy Observatory
(MRO) in Western Australia’s Mid West region
following an Indigenous Land Use Agreement
(ILUA) with the local population which will
provide them with a range of practical and
financial benefits including education and
training opportunities.

ASKAP Geothermal Cooling Trial Starts

CSIRO has started trialling a prototype
geothermal cooling system that will be used to
assess whether this offers an efficient and
cost-effective option for cooling ASKAP’s
electronics and reducing the telescope’s
overall demand on power. A “passive” air
cooling option for ASKAP has already been
trialled.

ASKAP Survey Science Projects Announced

In September 2009 CSIRO announced that ten
major science projects, representing 363
unique authors from 131 institutions, had
been selected to use ASKAP during the first
five years of the telescope’s operation. Of the
ten projects’ authors, 33% are from Australia
and New Zealand, 30% from North America,
28% from Europe, and 9% from elsewhere in
the world.

Science at the Murchison
Observatory (MRO)

Radio-astronomy

The team behind the first experiment located
at the MRO, the Murchison Widefield Array
(MWA), is in the process of integrating and
demonstrating the prototype 32-antenna
system.

First ASKAP Antenna Passes Factory Tests

Radio Astronomy Research Grows in New Zealand

During a seven-day visit to China, CSIRO staff
carried out the acceptance testing of the first
ASKAP 12 m antenna. Having completed all
tests successfully, the antenna was
disassembled, and dispatched to the ASKAP
site where assembly began in December 2009.

New Zealand’s first radio telescope operated
by Auckland University of Technology’s
Institute for Radio Astronomy and Space
Research achieved its “first light” in August
2009. The 12 m telescope is located near
Warkworth, about 50 km north of Auckland.
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A new radio astronomy research group led by
Dr Melanie Johnston-Hollitt, has been
established at the Victoria University of
Wellington.

opportunities that SKAMP will soon be
offering.

CANADA

The New Zealand SKA Research and
Development Consortium, or SKARD, has been
created to bring together professional
researchers involved in SKA related research.

Canadian SKA Programme Workshop

A workshop on the Canadian SKA programme
was held in October 2009 at the University of
Calgary. It brought together research teams
and representatives from the National
Research Council, current and potential
industry partners, as well as representatives of
government agencies at federal and provincial
levels.

In February 2010 New Zealand’s Auckland
University of Technology hosted the
conference Pathways to SKA Science in
Australasia.
Industry Engagement Continues

CSIRO and the new International Centre for
Radio Astronomy Research (ICRAR) have
recently signed a number of collaborative
research and development agreements with
industry. CSIRO has also continued its
programme of industry engagement by hosting
two special ASKAP and SKA technical
discussion sessions. A new industry group has
also been formed in New Zealand.

The Canadian Long Range Plan for Astronomy

The Canadian SKA Consortium Board will be
presenting a case to the Long Range Planning
(LRP) Panel for Canadian participation in the
SKA as a 10% partner.
Canada-Australia Agreement

In November 2009, an agreement was made to
recognise the joint investment by Canada and
Australia in development of focal-plane,
phased-array feed systems.

Interactive SKA Education Website Launched

An interactive educational website dedicated
to the SKA has been unveiled. It features
resources for teachers, downloadable mobile
phone ringtones and wallpapers, and
interviews
with
astronomers
http://www.ska.edu.au/.

SKA Technology R&D in Canada
Composite Reflectors

Work on a novel design for a 12 m reflector is
well advanced. This design follows the
philosophy of using a thin membrane for the
reflector that is only supported around the rim
and in the centre of the reflector, close to the
mount point. Wind-tunnel testing of offset
feed dishes at the NRC Institute for Aerospace
Research has now been completed, and the
final report is being prepared. Investigation
into carbon-eglass hybrid materials and
phenolics is on-going to provide potential
benefits including reduced cost and low uvsensitivity.

Window to the Universe Teachers Guide Published

In 21 lessons, Window to the Universe
introduces students to the electromagnetic
spectrum, key concepts in understanding the
Universe, and astronomical techniques and
technology. It also features lessons on ASKAP
and the SKA.
SKAMP – Square Kilometre
Prototype (Australia)

Array

Molonglo

In September 2009, 40 astronomers attended
a highly successful two day meeting, "Science
with SKAMP: Widefield Spectroscopy of the
Southern Radio Sky", which was held at
Molonglo Observatory. The presentations and
ensuing discussion at this stimulating
workshop made clear that there is broad
community interest in the exciting scientific

Phased-Array Feed developments

Whilst work on the PHAD (Phased-Array Feed
Demonstrator) is winding down, a successor to
PHAD is being planned. This new array (known
as Advanced Focal Array Demonstrator, AFAD)
will build upon the PHAD with the key
distinction that it will be astronomy-capable.
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the international forefront with respect to
developing FPA technology for radio
telescopes.

CHINA
Improvement of the 30 m Aperture FAST Model

The 30 m FAST model, first constructed in
2005, has being upgraded to follow the latest
FAST design which will use six suspension
towers rather than four. Tests of the new
structure are in progress.

DIGESTIF Front-end Upgrade

DIGESTIF is a Phased Array Feed demonstrator
system that is installed in one of the WSRT
dishes. In September 2009 an updated frontend (antenna array and Low Noise Amplifiers
(LNAs)) was installed in the DIGESTIF system.
The new front-end was designed to bring the
system temperature below 70 K and,
pleasingly, interferometric measurements on
3C147 gave a system temperature of 68 K. This
is well in line with expectations and confirms
that the final APERTIF requirement of 55 K is
within reach.

Test and Prototyping of FAST Reflector

A full size FAST surface panel has been
constructed from aluminium, stapled to a steel
backing structure. The position of each panel
will be controlled by the three actuators which
support the panel at the three ends of the
triangular backing structure. Three types of
actuator have been designed and will now be
tested.

LOFAR

Precise Geology Survey of the FAST Site

By November 2009, LOFAR had grown from
the very first station, completed in March, to
more than half of the planned final size. The
full hardware had been installed on 23 stations
including two international stations. By the
end of the year, 26 stations were expected to
be ready. Construction of the remaining 12
stations in the Netherlands along with six
international stations is expected to be
completed in 2010.

It is important to thoroughly understand the
geological environment of the FAST site and so
precise underground measurements of the
telescope site started in 2009. In September,
government officials and researchers gathered
in Guiyang to discuss the progress and results
of the earth drilling data. The data indicates
that, as expected, the site is suitable for the
construction of the FAST design.

Once stations have been built and the fibre
connection to the correlator in Groningen
established, they can be validated and tested.
To date, ten stations have been validated and
are being used in technical commissioning
observations. First fringes between three
LOFAR stations were detected in July 2009.
Since then more exciting observations have
been made, employing more stations. LOFAR
maps of the low frequency radio sky are
steadily improving in quality. Pulsars have now
been detected both with the High Band
Antennas of LOFAR between 120-240 MHz and
the Low Band Antennas between 30-80 MHz.

Project Construction Meeting at the FAST Site

The vice-president of Guizhou province, Sun
Guoqiang, organised a meeting on how to
arrange and plan for the FAST construction. It
was attended by representatives of the
Chinese Academy of Sciences and Guizhou
provincial departments. One outcome was
that a radio protection zone around the FAST
site will be listed as a legislature of the
provincial government.

EUROPE
A working group with delegates of national
LOFAR consortia in each of the participating
countries has completed crucial steps towards
the formation of the International LOFAR
Telescope (ILT), which will cement the
international collaboration in the operational
phase. A formal memorandum of agreement is
expected to be signed next year.

APERTIF

The APERTIF project, an SKA Pathfinder aiming
to significantly increase the survey speed of
the Westerbork Synthesis Radio Telescope
(WSRT), successfully passed its Preliminary
Design Review (PDR) in August 2009. The
committee concluded that all major risks were
identified and that, with APERTIF, ASTRON is at
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The LOFAR telescope will be formally
inaugurated on 12 June 2010. The
inauguration will take place in Exloo, next to
the core of the array. ASTRON expects this to
be a very special day, with about 400 people
attending the ceremony.

SOUTH AFRICA
MeerKAT Update

The main focus of the telescope team (based
in Cape Town) has been the development and
construction of the KAT-7 instrument, the
MeerKAT precursor. While first fringes have
been observed, some effort is still required to
complete commissioning of the first two
antennas. The aim is to have 7 antennas on
site by the end of January 2010.

SKADS

A lot of major events took place in the final six
months of the SKADS programme:
EMBRACE

Four antenna structures have been installed
on site and the acceptance testing of the first
two is 90% complete. A fifth antenna structure
is being installed and a sixth dish is being
moulded

Both EMBRACE stations, in Westerbork and
Nançay are being finalised. Around
November/December project members from
OPAR and ASTRON worked closely together to
set up and configure the back-end hardware at
the Westerbork EMBRACE station and have
been able to obtain important results from the
Westerbork Array Test Station.
SKADS Conference: Wide
Technology for the SKA

Field

Science

The development of the feed and cryogenic
systems has been completed. An innovative
orthomode transducer (OMT) design meant
that weight budgets could be achieved and a
strong focus on limiting heat sources has
achieved cryostat temperatures of between
50-70 K. It is envisaged that the first cold feed
will be installed by mid 2010. All the LNAs for
KAT-7 have been tested at cryogenic
temperatures to verify performance. The
complete RF system has been installed on two
antennas, with a reference system running in
the lab.

and

From 4-6 November 2009, the final SKADS
Conference, with over 100 participants, took
place in Limelette, near Brussels. The
conference also marked the launch of the
movie “The making of EMBRACE”.
MCCT SKADS Training Schools and Workshops

2009 was a very busy, but also productive
year. The goal to achieve first fringes and the
detailed planning to complete KAT-7 has been
achieved. MeerKAT is on its way and the
engineering team are looking forward to the
challenges associated with building a worldclass instrument.

During the final six months of the Marie Curie
Conferences and Training programme, three
workshops, as well as the third school, took
place. The main goal of the schools was to
attract and train the new generation of
(Engineering)
scientists
on
radio
interferometry, with special focus on the
Square Kilometre Array (SKA).

SA SKA 4th Annual Bursary and Fellowship
Conference: Building Vital Capacity for the World’s
Biggest Radio Telescope

In December 2009, a final (technical) workshop
entitled “The SKA and Digital Signal
Processing” was held in Manchester focusing
on digital signal processing (DSP) and beamforming. The aim of this workshop was to
study challenges in these fields by looking at
the
SKA
hardware
and
algorithm
requirements.

In December 2009, six postdoctoral fellows
and university supervisors, 48 postgraduate
students, academics and government officials
from some of the SKA African partners, the
SKA team and international guests converged
on the picturesque town of Stellenbosch near
Cape Town for a five day conference. This
annual conference creates a sense of
community among students and researchers
involved in the SKA project and also serves to
hone the presentation and communication
skills of the students and postdoctoral fellows.
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HARTRAO 26m Antenna Bearing Replacement

peer through the synchrotron and point source
foregrounds.

The 26 m antenna at Hartebeesthoek suffered
a failure of the major bearing at the southern
end of the main polar drive shaft. Happily, the
Department of Science and Technology has
provided funds for its repair which should be
completed by mid 2010. The repaired 26 m
telescope will be used for single dish
observations and astronomical VLBI.

Update on MeerKAT Infrastructure
Power provision

Construction of the grid power line is
progressing well and is expected to be
operational in January 2010.

MeerKAT Request for Proposals

Solar Power

As the MeerKAT precursor array of seven
antennas takes shape, a request has been
made for survey proposals that could be
undertaken by the full array. The call describes
the recent changes in specification of the array
to include a 60 km spur of seven antennas,
giving an approximately E-W baseline of 60 km
from the main 8 km configuration, and an
extension of frequency ranges to include a
lowest frequency of 580 MHz, to extend the HI
redshift range to z=1.4, a high frequency
extension to about 15 GHz, to enable surveys
for pulsars and transients towards the centre
of the galaxy and to give the possibility of
detecting CO at a red shift approaching z=7.

The user requirement for the establishment of
a 1 MW photovoltaic installation at
Klerefontein and a concentrated solar power
plant for MeerKAT has been completed. The
SKA SA is in discussion with a European
development bank to secure grant funding
towards the establishment of a pilot solar
thermal plant.

Several key projects are suggested including
Deep HI surveys, HI Absorption observations
(including OH mega masers), Ultra-deep
continuum surveys with full polarisation,
Magnetic fields in clusters, and Deep Galactic
studies, including the Magellanic Clouds.

Establishment of Klerefontein
Temporary Visitor Centre

Precision Array for Probing the
Reionisation (PAPER) in South Africa

Epoch

Optic Fibre Network
An optic fibre cable from the site complex to
Carnarvon (strung along the power cable).is
expected to be installed by the end of March
2010.
Exhibition

/

The SKA SA project has received ZAR100,000
funding from the Northern Cape Department
of Tourism and Environmental Affairs to
establish an interim exhibition room at the
Klerefontein office.
The design of the
exhibition stand and MeerKAT model is
underway. It is expected that this will be
completed in January 2010. Exhibits will also
be placed in the Carnarvon and Williston
libraries.

of

The PAPER team successfully deployed a 16dipole array at the Karoo Array Telescope
(KAT) site during October 2009. The KAT group
provided welcome assistance in making this
deployment successful, including the use of a
shielded container laboratory. The dipole sites
were laid out with a GPS unit loaned from the
Allen Telescope Array project. A small
('pocket') digital correlator, called PoCo, was
installed along with a time/frequency GPS
receiver and test observations began. Within a
few days of data taking a map of the southern
sky was achieved. The current plan is to begin
the 2010 campaign after the football World
Cup in June with completion of a 128-dipole
array, expanded correlation and multi-month
integration to determine how deep we can

MeerKAT Precursor KAT 7 sees Fringes

The South African MeerKAT Project reached a
major milestone on 3 December 2009 when
interference fringes were seen between two of
the dishes on the MeerKAT site. Fringes were
seen from a range of radio sources within a
few days of the final subsystems arriving on
site for installation. Five dishes have now been
installed on site and it is expected that the
seven composite dishes of the MeerKAT
precursor, KAT 7, will all have been installed on
the site by the end of January 2010.
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South African SKA Research Chairs

those antennas that will be mass produced for
the first phase of construction of the SKA. The
main intent of DVA-1 is to verify the sky
performance of the system as a single-antenna
system and to characterise its performance; in
particular, the far-out sidelobe pattern and its
stability are of great interest for high dynamic
range imaging.

The South African SKA Project, together with
the National Research Foundation, has
established five SKA research chairs as part of
the South African Research Chairs Initiative.
The chairs are for research into radio
astronomy instrumentation, multi-wavelength
astronomy and experimental cosmology.

U.S. Demonstrator Arrays
Expanded Very Large Array (EVLA)

USA

The EVLA project is making good progress
toward its completion in late 2012, when the
final receivers will be installed. At the end of
September 2009, 23 of the 28 VLA antennas
had been converted to EVLA specifications,
and now account for more than 80% of all
antenna-hours in scientific observations. The
last antennas are scheduled to be converted
by mid 2010. The new EVLA correlator
supplied by the Canadian partners is now
undergoing its installation and system
integration, and numerous test observations
are being carried out using a 12 station subset
of the correlator on a single 1 GHz band (10
times the bandwidth of VLA). Following
decommissioning of the old correlator, the
target date for the EVLA to be back on line
with the new correlator is 1March 2010. At
that time, at least 25 antennas will be
converted to EVLA standards, and all future
data will be EVLA data.

Technology Development Programme (TDP)

The TDP is a four year project funded at a total
of $12M by the National Science Foundation to
support U.S. participation in the SKA project.
The aim of the TDP is to develop particular
technologies that will provide options along
with performance and cost assessments
necessary for making decisions for the overall
system design of the SKA.
Antennas Working Group (AWG)

The AWG held a meeting in May 2009 in Los
Angeles that was well attended by
representatives from around the world. A
consensus view emerged that the dish
component of the SKA would be an off-axis
shaped reflector system that would
accommodate multiple single-pixel feeds and a
phased-array feed, as needed. Wideband
single-pixel feeds are being developed in the
TDP to optimise noise performance and to
characterise feed patterns for use in optical
designs.

Hardware Developments

EVLA continues the development of its last
new receiver bands. More than half of the
EVLA antennas now have receivers installed in
the new 26.5-40 GHz band, and routine
observations in that band have commenced.
The on-antenna performance of a prototype
12-18 GHz receiver system has been
evaluated, and the performance exceeds
design specifications.

Calibration and Processing Group (CPG)

A key activity for the CPG is to develop imaging
algorithms that can achieve high dynamic
range on typical patches of sky. Dynamic
range will depend strongly on the level and
stability of far-out sidelobes of individual
antennas, so the CPG effort will feed back to
the AWG in order to develop acceptable
antenna designs.

Allen Telescope Array

The ATA has launched a major set of surveys
and science observations that exploit the
unique capabilities of the array in frequency
coverage, field of view, and digital signal
processing. The observational programmes, in
radio astronomy and SETI, represent the first
steps towards carrying out the scientific
promise of the ATA. SETI surveys include the

Dish Verification Antenna

The TDP will develop an antenna, DVA-1, on a
suitable test site in about two years’ time. This
antenna will have specifications agreed upon
with the SPDO, and other partners, and will be
as close as possible to the performance of
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Galactic Centre (GC) survey, a targeted star
survey, and the PiHI (Pi x H-line frequency)
survey. The GC survey is searching for
narrowband transmitters from 10 square
degrees over the frequency range 1.42-1.72
GHz. This survey, conducted when the GC is up
at night time, is approximately 20% complete
with 712 observations of 3500 total positions.
783 stars were observed as part of the
targeted
star programme.
The
PiHI
observations
focused
on
correlator
observations of targeted stars in search of
narrow-band signals.

evaluation. Commissioning and early science
will begin using the prototype boards and 20
antennas. Meanwhile, the site for the second
LWA station has been fenced in, power has
been hooked up, and a small electronics
shelter has been installed.
Murchison Widefield Array (MWA)

A recently installed 32-tile (32T) hardware
correlator and real-time imaging computer
have dramatically increased the capability of
the instrument. The latest results and images
instil confidence that the whole 32T machine
will start producing exciting (but limited)
science within the next few months.

A small amount of commissioning work is
underway, including continuing retrofits to the
ATA feed and upgrade of the correlators to
handle all 42 antennas. Significant effort is
underway related to the SKA TDP project
including design of the prototype antenna for
the dish verification programme, modifications
and tests of the ATA feed, and study of high
dynamic range imaging.

Updated Project Plan

An updated project plan through to
completion of the 512T array, including
commissioning and testing, is nearing
completion. The remainder of the project is
divided into three phases. Phase 1 will see the
completion and validation of the 32T array,
ending approximately March 2010; Phase 2
carries through the buildout of the full 512T
array, projected to finish approximately the
end of 2011; Phase 3 encompasses
commissioning and early science, projected to
run until approximately the end of 2012.

Long Wavelength Array (LWA)

The construction of the first LWA station is
nearing completion and most of the 256
dipoles have been assembled and installed by
students and staff volunteers. The new
electronics shelter has been installed, and the
prototype analogue receiver and digital
processing boards are undergoing final
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NEWS FROM THE CONSORTIA AND INSTITUTES

AUSTRALIA AND NEW ZEALAND
Australia, New Zealand SKA Partnership Formed

High Performance Computing Centre Named

Australia and New Zealand have officially
come together as part of the international
effort to realise the vision of the SKA by
signing a collaborative arrangement on a joint
SKA bid. Under the arrangement signed in
August 2009 (Figure 3), Australia and New
Zealand will together offer the international
community the opportunity to develop the
SKA across the two countries, with a maximum
baseline of around 5,000 km.

The name of a new AUS$80 million high
performance computing centre to be located
in Perth was officially announced in August
2009. The Pawsey High Performance
Computing Centre for SKA Science was named
after Dr Joseph Lade Pawsey (1908–1962), one
of the great pioneers in radio astronomy
internationally and a founder of the field in
Australia.
The Pawsey Centre will be operated by iVEC,
an organisation dedicated to building
supercomputing capacity in Western Australia.
iVEC is a joint venture between CSIRO and
Western Australia’s four public universities,
with support from the Western Australian
Government.

The arrangement confirms both countries’
shared objective of working together to host
the SKA, and establishes a joint bid governance
structure in the form of the Australia – New
Zealand SKA Coordination Committee. Both
countries will also cooperate in areas such as
SKA science and engineering, industry
engagement and realising the educational
benefits of the SKA.

ICRAR Launched

The Perth-based International Centre for Radio
Astronomy Research (ICRAR) had its official
launch in September 2009. ICRAR will help
coordinate
Western
Australia’s
radio
astronomy research, develop industry
partnerships and engage with students and
the broader community about radio
astronomy.
The new centre is a joint venture between
Curtin University of Technology and The
University of Western Australia, and is
sponsored by the Western Australian
Government with strong collaborative support
from partners such as CSIRO and iVEC. It is led
by Director Professor Peter Quinn and Deputy
Directors Professors Steven Tingay, Lister
Staveley-Smith and Peter Hall.

Figure 3. Signing of the Australia – New Zealand
arrangement for a joint SKA bid by Australia’s

Minister for Innovation, Industry, Science and
Research, Senator the Hon. Kim Carr (seated, at left)
and New Zealand’s Minister for Economic

ASKAP Engineer Awarded Top Science Prize

Development, the Hon. Gerry Brownlee (seated, at

For his achievements in astronomy and
wireless technologies, CSIRO’s Dr John
O’Sullivan has been recognised with
Australia’s pre-eminent science award – the
2009 Prime Minister’s Prize for Science.

right). CSIRO SKA Director Dr Brian Boyle (standing,
far left) and Scott McHardy from the New Zealand
High Commission (standing, far right) are also
pictured. Credit: Photocall.
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Dr O’Sullivan was Project Leader of CSIRO's
Wireless Local Area Network (LAN) Research
Team, a group that developed wireless LAN
technology that is used in most wireless
communication systems. This technology is
used by over 800 million people every day.
Dr O’Sullivan’s latest efforts have been
directed towards the development of an
innovative “chequerboard” phased array feed
with a uniquely wide field-of-view for ASKAP
(Figure 4).

Figure 5. Western Australian Government Ministers
and representatives of the Wajarri Yamatji People at
Parliament House in Perth. Credit: WA Department
of Commerce.
ASKAP Survey Science Projects Announced

In September 2009 CSIRO announced that ten
major science projects, representing 363
unique authors from 131 institutions, had
been selected to use ASKAP during the first
five years of the telescope’s operation. The
large Survey Science Projects, each needing
more than 1500 hours to complete and
designed to take advantage ASKAP’s unique
capabilities, will use at least 75 per cent of
the telescope’s observing time.

Figure 4. CSIRO’s Dr John O'Sullivan with a prototype
of the revolutionary phased array feed for ASKAP.
Photo credit: Chris Walsh, Patrick Jones Photo

An international panel of expert astronomers
selected the 10 top projects according to their
scientific merit and operational feasibility.
These projects address widely recognised
astrophysical issues and their results will be
important for the broad astronomical
community.

Studio.
Indigenous Land Use Agreement Completed

Construction will begin on ASKAP at the
Murchison Radio-astronomy Observatory
(MRO) in Western Australia’s Mid West region
following an Indigenous Land Use Agreement
(ILUA) signed between the Yamatji Marlpa
Aboriginal Corporation, the Wajarri Yamatji
People, the Government of Western Australia,
Australian Government and CSIRO (Figure 5).

Of the ten projects’ authors, 33% are from
Australia and New Zealand, 30% from North
America, 28% from Europe, and 9% from
elsewhere in the world.
Principal Investigators of the successful teams
have been invited to work with CSIRO through
the Design Studies phase. The Principal
Investigators and ASKAP Project Scientists will
form the ASKAP Survey Working Group which
will meet on a regular basis to ensure close
collaboration between CSIRO and the Survey
Science Projects.

Official registration of the ILUA took place in
November 2009 and means that CSIRO's lease
over the MRO, Australia and New Zealand’s
candidate core site for the SKA, has taken
effect. The ILUA also provides a range of
practical and financial benefits to the Wajarri
Yamatji People, including education and
training opportunities. The ILUA was one of
the fastest ever negotiated, due to the support
of the Wajarri Yamatji People and all levels of
government.

A list of the ten successful projects can be
found at: http://www.atnf.csiro.au/projects
/askap.
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First ASKAP Antenna Passes Factory Tests

Prototype hardware has been delivered for the
entire ASKAP beamformer, which includes
digitiser, backplane, control and power boards
(to be located at each antenna) and a digital
signal processing and rear transition board (to
be installed in the central building as part of
the beamformer).
Software for monitoring and controlling the
Parkes Testbed Facility’s 12 m antenna (used
to test ASKAP’s systems) has been released.
The first simulated ASKAP 30 square degree
image has been made to the expected noise
depth by using the SKA Design Studies’
Simulated Skies model, which demonstrates
that the imaging and analysis software is
working.
Significant progress has been made with the
development of several low cost synthesiser
units required in each of ASKAP’s 36 antennas.
Testing of ASKAP’s prototype phased array
feed has been undertaken to characterise its
performance when equipped with improved
design low-noise amplifiers.

CSIRO staff travelled to China at the end of
September 2009 to undertake factory
acceptance testing of the first ASKAP 12 m
antenna (Figure 6). During their busy seven
day visit to CETC54’s test range in
Shijiazhuang, the ASKAP team worked through
the antenna’s factory acceptance tests, which
were all successfully completed. The antenna
was then disassembled, painted and started its
journey to the Murchison Radio-astronomy
Observatory in Western Australia where
construction commenced in December 2009.
CSIRO originally awarded the contract for
construction of ASKAP’s 36 antennas to
CETC54 in November 2008 after an
international tendering process.

ASKAP Geothermal Cooling Trial Starts

CSIRO has started trialling a prototype
geothermal cooling system that will be used to
assess whether this offers an efficient and
cost-effective option for cooling ASKAP’s
electronics and reducing the telescope’s
overall demand on power.
The system uses cool water to transfer heat
energy away from ASKAP’s prototype
electronics cabinets. Subsequently, the heated
water
is
cooled
by
using
high
pressure/temperature refrigerant gas in
reticulated copper pipes buried to a depth of
30 m in the surrounding lower-temperature
earth. The refrigerant gas condenses in the
copper pipes and returns to a compressor in
its liquid state.

Figure 6. The first ASKAP antenna at CETC54’s
antenna test range in China. Credit: Carole Jackson,
CSIRO.

By measuring the system temperatures using
thermocouples attached along the length of
the buried copper pipes and internal water
pipes, the ASKAP team will be closely
monitoring the performance of the system
over coming months. A “passive” air cooling
option for ASKAP has already been trialled.

ASKAP Technical Developments

As the development of ASKAP progresses, the
project has met several key technological
milestones:
The analogue system has progressed from
concept to design phase. The electrical and
mechanical design of the phased array feed is
well under way, as is the design of the
conversion modules and rack that will be
located in the pedestal of the antenna.

Science at the Murchison
Observatory (MRO)

Radio-astronomy

The team behind the first experiment located
at the MRO, the Murchison Widefield Array
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(MWA), is in the process of integrating and
demonstrating the prototype 32 antenna
system. In November 2009, team members
visited the MRO to integrate the correlator
with the rest of the system. At a second site
visit in December 2009, further data will be
collected for the 32 antenna system test and
verification programme. Analysis of the data
collected will take place in preparation for a
review of the system in February 2010 (see
section on Murchison Widefield Array (MWA)).

conference Pathways to SKA Science in
Australasia which aims to highlight recent SKA
developments in Australia and New Zealand,
and to review the main areas of SKA science.
Visit http://www.aut.ac.nz/skanz2010 for
details of the conference programme.
Industry Engagement Continues

CSIRO and the new International Centre for
Radio Astronomy Research (ICRAR) have
recently signed a number of collaborative
research and development agreements with
industry:

A new experiment was deployed at the MRO
in August 2009. A single low-frequency dipole
antenna and an accompanying digital receiver
were installed by the EDGES (Experiment to
Detect the Global EoR Signature) team for a
three month automated observing campaign.

•

Radio Astronomy Research Grows in New Zealand

New Zealand’s first radio telescope achieved
its “first light” in August 2009. The 12 m
telescope located near Warkworth, about 50
km north of Auckland, is suitable for both
geodetic and astrophysical very long baseline
interferometry. Operated by Auckland
University of Technology’s Institute for Radio
Astronomy and Space Research, the telescope
is co-located with a global positioning system
base station that is part of PositioNZ, New
Zealand’s national geodetic network.

•

•

A new radio astronomy research group has
been established at the Victoria University of
Wellington. The group, led by Dr Melanie
Johnston-Hollitt, will be based in the School of
Chemical and Physical Sciences with strong
links to the newly formed Faculty of
Engineering and Computer Science.

A digital data processing system being
investigated by CSIRO for the SKA is a
supercomputer running a standard
operating system called a single digital
backend, which has potential to
significantly augment the scientific
capabilities of the SKA. CSIRO and IBM
have recently signed a statement of
intent to work together on developing a
prototype single digital backend for the
SKA.
ICRAR has signed a Memorandum of
Understanding with IBM to develop
software suitable for the transfer,
management, processing and storage of
the vast amount of radio astronomical
data likely to be produced by the SKA.
CSIRO has engaged BAE Systems
Australia to provide critical analyses of
the performance of CSIRO’s phased array
feed receivers within the proposed SKA
antenna design.

CSIRO has also continued its programme of
industry engagement by hosting two special
ASKAP and SKA technical discussion sessions:
ASKAP computing challenges and the
development of SKA systems; and the
development of sensitive, ultra-wideband
receivers for radio astronomy. A new quarterly
publication, ASKAP Technical Update, has been
introduced to keep industry and other
interested stakeholders informed on the
progress of the ASKAP project.

The New Zealand SKA Research and
Development Consortium, or SKARD, has been
created to bring together professional
researchers involved in SKA-related research.
It aims to foster collaboration both within New
Zealand and internationally, and to liaise with
industry, government and other groups to
advance New Zealand’s contribution to the
SKA. Members are drawn from all of New
Zealand’s major research universities and have
interests in antenna design, signal processing,
imaging and inference, high performance
computing and radio astronomy.

A new industry group has been formed in New
Zealand. The New Zealand SKA Industry
Consortium (NZSKAIC) is made up of the NZICT
Group (the industry organisation representing
New Zealand’s IT software, hardware,
networks, services, education and training
providers), New Zealand Trade and Enterprise,

In February 2010, New Zealand’s Auckland
University of Technology will host the
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and New Zealand’s Ministry for Economic
Development.

The resource was developed as part of a joint
Questacon and Scitech SKA project funded by
the Australian Government. CSIRO astronomy
educator Rob Hollow and the NSW Science
Teachers Association also contributed to the
resource, which is expected to reach over
25,000 students across Australia. It can be
downloaded at the following web address
http://www.ska.edu.au/educators.

Interactive SKA Education Website Launched

An interactive educational website dedicated
to the SKA was unveiled by Australian
Parliamentary Secretary for Innovation and
Industry, the Hon. Richard Marles, in early
December 2009 at an event in Melbourne. SKA
Program Development Office Director
Professor Richard Schilizzi also gave a public
lecture at the event on the international SKA
programme.
Developed by Questacon, Australia’s national
science outreach centre, the website is aimed
at school-aged children around the world
(Figure 7). It features resources for teachers,
downloadable mobile phone ringtones and
wallpapers, and interviews with astronomers.
The new interactive website can be found at
http://www.ska.edu.au.

Figure 8. Window to the Universe is expected to
reach over 25,000 students.
Students Tweet Telescope Takeover

Students from three Melbourne high schools
recently took control of CSIRO’s Parkes radio
telescope as part of PULSE@Parkes, an
innovative science education programme. The
students controlled the 64 m Parkes radio
telescope using the internet and posted their
pulsar observations on Twitter. The students’
session attracted international interest with
NASA scientists following their efforts.

Figure 7. The new interactive educational website
www.ska.edu.au
Window to the Universe Teachers Guide Published

A teaching resource designed for students in
Years 9–10 was officially launched in August
2009. Comprising 21 lessons arranged in three
sections, Window to the Universe (Figure 8)
introduces students to the electromagnetic
spectrum, key concepts in understanding the
Universe, and astronomical techniques and
technology. It also features lessons on ASKAP
and the SKA.

PULSE@Parkes is part of an ongoing
programme that is giving students across
Australia the chance to do real science with a
large, professional radio telescope. CSIRO
plans to build on the experience of
PULSE@Parkes to develop remote-observing
education programmes for ASKAP and later for
the SKA. The programme began in late 2007
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and more than 20 sessions, involving over 250
students, have now been run.

For the latest SKA-related news from Australia
and New Zealand, and to register to receive
the quarterly anzSKA Newsletter, visit the
anzSKA website at http://www.ska.gov.au.

CSIRO’s experience running PULSE@Parkes
was shared with participants at the
Astronomical Society of the Pacific’s Science
Education and Outreach: Forging a Path to the
Future conference held in San Francisco in
September 2009, and the first international
PULSE@Parkes session was held in early
December 2009 at the University of Cardiff.

Gabby Russell
Communication Officer
CSIRO Australia Telescope National Facility

Ilgarijiri – Things Belonging to the Sky

SKAMP – Square Kilometre Array Molonglo
Prototype (Australia)

A visit to Australia and New Zealand’s
candidate core SKA site by a group of
indigenous artists and scientists has been the
inspiration for an art exhibition, Ilgarijiri –
Things Belonging to the Sky (Figure 9). The
group spent three days together and made a
special visit to the Murchison Radio-astronomy
Observatory, located on Wajarri Yamatji land.
The artists produced a collection of more than
90 artworks connecting the land, culture and
astronomy.

A highly successful two day meeting, "Science
with SKAMP: Widefield Spectroscopy of the
Southern Radio Sky", was held at Molonglo
Observatory, just outside of Canberra,
Australia on 16-17 September 2009. Hosted by
The University of Sydney, approximately 40
astronomers participated in this meeting
(Figure 10), including international speakers
from the USA, Canada and India.
Topics covered during the meeting included:
•
The status of SKAMP instrumentation.
•
Surveys for redshifted 21-cm and OH
absorption systems.
•
Searches for variables and transients.
•
Studies of radio recombination lines in
the interstellar medium.
•
Mapping of non-thermal emission and
magnetic fields in the Milky Way and
other galaxies.
•
Synergies with other upcoming wide-field
surveys with the MWA, SkyMapper and
ASKAP.
Various upcoming challenges for SKAMP
surveys were discussed: these include the
development of a real-time pipeline needed to
handle the large data rate, the hostile radio
interference environment resulting from
SKAMP's proximity to Canberra and source
confusion in deep integrations.

Figure 9. Seven Sisters by Barbara Merritt (2009) is
part of the Ilgarijiri – Things Belonging to the Sky
exhibition.

Organised by the International Centre for
Radio Astronomy Research and Yamaji Art
Indigenous art cooperative, the exhibition was
officially launched at the Geraldton Regional
Art Gallery in June 2009. It has since toured to
Perth and Canberra, and will be travelling to
South Africa in March 2010 where it will be
featured at the conference Communicating
Astronomy to the Public. More information on
the artworks and exhibition can be found at
http://ilgarijiri.wordpress.com.

On the other hand, it is clear that SKAMP has
some unique capabilities amongst SKA
pathfinders: it has a large collecting area
already in place, offers continuous and highly
redundant u-v coverage, is a university
instrument that can be dedicated to large
projects, and already has all-sky reference
images in hand from previous sky surveys. The
presentations and ensuing discussion at this
stimulating workshop made clear that there is
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broad community interest in the exciting
scientific opportunities that SKAMP will soon
be offering.
The workshop programme is listed at
http://www.physics.usyd.edu.au/sifa/Main/SK
AMPPROG
More information on SKAMP is at
http://www.physics.usyd.edu.au/sifa/Main/SK
AMP
Figure 10. Delegates of the Science with SKAMP
workshop held at the Molonglo Observatory,
Australia.

Bryan Gaensler
SKAMP Project, Sydney Institute for Astronomy

CANADA
Canadian SKA Programme Workshop

presentations
and
discussions
around
opportunities and challenges for industry
participation as partners in early-phase R&D of
SKA technologies, in developing capacity for
production and manufacture for the SKA, and
aligning with an evolving international industry
strategy for the SKA.

A workshop on the Canadian SKA programme
was held on 7-8 October 2009 at the University
of Calgary. The workshop brought together
SKA research teams in science and engineering
at universities and the National Research
Council, representatives of current and
potential industry partners, as well as
representatives of government agencies at
federal and provincial levels.

The Canadian Long Range Plan for Astronomy

As we approach the end of the decade, the
current national Long Range Plan (LRP) for
Canadian astronomy is coming to the end of its
planning horizon. The Canadian astronomical
community is now ramping up for the next LRP
process that will result in a prioritised plan for
Canadian astronomy for the next ten-year
period. The information gathering part of the
LRP will take place over the autumn and winter
(northern) of 2009/10, and the draft
recommendations of the LRP Panel will be
presented to the next meeting of the Canadian
Astronomical Society, in Halifax, Canada, at the
end of May 2010. The Canadian SKA
Consortium Board will be presenting a case to
the LRP Panel for Canadian participation in the
SKA as a 10% partner. A white paper will be
submitted in early February 2010, and
presentations will be made at town-hall
meetings and directly to the Panel.

The first day was devoted to reports and
planning of activities over the full range of
Canadian R&D programmes, including:
composite antennas, focal-plane array
systems, broad-band, ambient temperature
LNAs, low-power Analogue to Digital
Converters (ADCs) and integrated receivers,
multi-dimensional digital filtering, software
and algorithm development for wide-field
calibration and imaging, pulsar science
planning and data acquisition and processing,
correlator and beam-forming systems, and
cyber-infrastructure for distributed postprocessing and data management. Highlights
of some of these research programmes are
described below.
One the second day, government and industry
representatives participated in a series of
23

Canada-Australia Agreement

In November 2009, the Canadian National
Research Council, the University of Calgary and
the Australia CSIRO signed a Statement of
Intent for Co-operative Development Activities
for ASKAP. This agreement recognises the joint
investment by Canada and Australia in
development of focal-plane, phased-array feed
systems and the goal to implement them as
wide-field devices on interferometer arrays.
SKA Technology R&D in Canada
Composite Reflectors

Work on a novel design for a 12 m reflector is
well advanced (Figure 11). This design follows
the design philosophy of adapted for the ATA 6
m reflectors of using a thin membrane for the
reflector that is supported only around the rim
and in the centre of the reflector, close to the
mount point. The main advantage of this
design is very low distortion of the reflector
surface under all wind and gravity conditions.
The integration of feed loads into the dish
backing structure is nearly complete, at which
point optimisation studies can start.

Figure 11. A rendition of the latest composite offset
reflector designs being developed at NRC-HIA in
Penticton.

Investigation into carbon-eglass hybrid
materials is ongoing. The potential benefits of
such a hybrid include reduced cost over pure
carbon and increased UV and moisture
stability over Kevlar. In addition, an
investigation into the use of phenolics is also
ongoing with the potential benefits including
reduced cost and low UV sensitivity.

Wind-tunnel testing of offset feed dishes at
the NRC Institute for Aerospace Research has
now been completed, and the final report is
being prepared. These data are very important
to establishing the veracity of wind load
modelling,
essential
to
the
further
development of offset telescope designs.

Phased-Array Feed developments

Work on the PHAD (Phased-Array Feed
Demonstrator) is winding down: the last tests
are being performed, data is being analysed,
and results are being completed. Also, a
successor to PHAD is being planned. This new
array (known as Advanced Focal Array
Demonstrator, AFAD) will build upon the PHAD
with the key distinction that it will be
astronomy-capable. Its main attributes will be:

A report on creep in the 10m MkII design has
been completed by Profile Composites. No
concern was found in any area of the dish or
backing structure in regards to creep except,
potentially, in the area immediately
surrounding the bolts connecting the
telescope to the base. This issue can be
mitigated readily, and close attention will be
paid to this area on future telescope designs.
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•

Low-noise front-end. Use of Vivaldi
elements will continue, but unlike the
printed circuit board elements used in
PHAD, AFAD will use a modified slotline
design that spreads conducting currents
over a larger area, thereby reducing loss.
AFAD will also have LNAs mounted as
close as possible to the Vivaldi feed
points to minimise transmission line
losses. Low-noise ambient temperature
LNAs, such as small-geometry CMOS, will
be used.

•

Wide instantaneous bandwidth. AFAD
will use 10 Gb fibre-optic ethernet for

digital signal transmission and the
analogue bandwidth will be the
maximum that can be supported, about
600 MHz.
•

Direct-sampling ADCs. It is now possible
to obtain commercial ADCs with a
sampling rate of 3 GHz or higher. These
will be used in AFAD, greatly simplifying
the analogue signal chain.

•

Real-time beam former. The offline
beamformer for PHAD proved its value in
performing diagnostics on the system.
However, data storage and offline
processing created a serious bottleneck
for routine observations with long
integrations. The AFAD beamformer will
be constructed to operate on the full
data width in realtime using a custom
FPGA-based processing system currently
under development at DRAO.

element to the operation of the SKA. Most of
the early key science will be achieved by major
surveys using very large amounts of observing
time and are carried out by global
collaborations
of
research
centres.
Additionally, these observations may serve
several science programmes simultaneously
i.e. several projects will accept the same
output data stream, or multiple streams may
be created from different “back ends”. The
scale of the data challenge implies that
distributed international teams will play a
significant role in securing and managing the
data, the specialised processing to create the
various science products, and the visualisation,
post-processing analysis and knowledge
extraction from the products, as well as
providing tools for user support.
These requirements drive the need for a global
cyber-infrastructure for the SKA. The goal of
Cyber SKA Canada is to define and begin to
develop the cyber-infrastructure required.
Current and emerging large survey data
products, such as the ALFA commensal surveys
with the Arecibo and the EVLA and WIDAR
correlator, will be used as test cases for
development.

SKA Cyber-Infrastructure

In October 2009, CANARIE Inc. announced an
award of $2.1M to the University of Calgary for
a project called Cyber SKA Canada. CANARIE is
Canada’s Advanced Research and Innovation
Network. Cyber SKA Canada, part of their
Network Enabled Platforms programme, is a
collaboration with the University of British
Columbia, McGill University, the Herzberg
Institute of Astrophysics, Cornell University
and IBM Canada. The SKA has been called an
ICT telescope. ICT is central to the power of
the telescope. Furthermore, the manner in
which the SKA will execute its key science
projects introduces a significant “sociological”

Sean Dougherty
Herzberg Institute of Astrophysics
Russ Taylor
Chair of Canadian SKA Consortium, NRC

25

CHINA
Improvement of the 30 m Aperture FAST Model

weight of the whole panel is less than ten
2
kg/m .

The 30 m FAST model was initially constructed
in 2005 to test the mechanical, electronic,
material and structural properties of the FAST
telescope. This mini-FAST was used as a
preliminary facility to demonstrate the
reliability of the FAST project and was
instrumental in the successful funding of the
FAST proposal. At this stage, only four
suspension poles supported the cables and
feed cabin. However, the recent layout design
of FAST has six suspension towers and so the
model has now been updated to reflect the
new design (Figure 12). The basic
infrastructure of the FAST model has not
changed, apart from the cable tension
measurement. With the mini-FAST model now
closely resembling the actual design of the
FAST telescope, a variety of tests are under
consideration.

The FAST telescope needs a lightweight panel
structure with uniform stiffness distribution as
well as little deformation with added load and
quick adjusting cable tensile stress. Four kinds
of panel elements were therefore developed
and tested. The preferred one is a beam cable
back structure, the advantage of which is low
weight, although the slow response for
adjusting the cable tensile stress is a
drawback.
The position of the panel is controlled by the
three actuators, which are constructed and
mounted to support the panel at the three
ends of the triangle back structure. At present,
three types of actuators have been designed,
which will be tested for their advantages of
mechanical characteristics, the cycloid pin
wheel with sliding screw (Figure 13), worm
gear reducer with ball screw, and serial worm
reducer with ball screw.

Figure 12. The newly improved FAST 30-meter model
in Miyun, 200 km north of Beijing, where six
suspension towers are constructed.
Test and Prototyping of FAST Reflector

The new test of the FAST model demonstrates
that the back structural design is reasonable,
and has provided a significant reference for
the primary design of FAST reflector. Based on
the new test data, the structural and
mechanical characteristics of the real panel
becomes necessary, thus the 1:1 scaled panel
has been constructed in the Miyun site. This is
made of the aluminium, stapled on the steel
back structure. The panel is punched with
holes; the panel side size is 11 m with the
surface deformation rms of 2.5 mm. The

Figure 13. Actuator of cycloid pin wheel with sliding
screw.

To promote the efficiency of the actuator, a
new prototype actuator was designed and
tested, with the technology specifications:
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stroke 960 mm, precision 0.25 mm, speed 1.6
mm/s, and maximum force 5 ton, which in
principle
satisfies
with
the
design
requirements of FAST telescope. This means
that from a structural point of view, the true
FAST reflector panel can be realised and
controlled by the actuator and there is no
difficulty in the manufacture of the high
quality reflector.
Precise Geology Survey of the FAST Site
Figure 14. The meeting on the precise survey of FAST

Thoroughly understanding the geological
environment of the FAST site is important for
the
FAST
infrastructure,
so
precise
underground measurements of the telescope
site were undertaken. Experts from National
Astronomical Observatories, Construction and
Survey Institute of Guozhou, Construction and
Design Institute of Guizhou, and Geology
Survey Institute of Guizhou, governmental
officials and researchers related to the FAST
project gathered in Guiyang, capital city of
Guizhou province, in September 2009 to
discuss the progress and results of the earth
drilling data (Figure 14).

site was held in Guizhou.
The Project Construction Meeting at FAST Site

The vice-president of Guizhou province, Sun
Guoqiang, led a group of government officials
to the FAST site area, Pingtang county, and
held a meeting on how to arrange and plan the
FAST construction (Figure 15). The Chinese
Academy of Sciences and related Guizhou
provincial departments attended the meeting.
Discussions included the road survey and
design, land levy and compensation, road
construction standards, as well as organising
the Guizhou Astronomical Observatory. It was
agreed that the FAST radio protection zone
will be listed as a legislature of the provincial
government, which will be issued to all levels
of government. The government has promised
to set up a working office at the FAST site.

At the meeting, the details of the FAST site
survey were introduced, and the experts
thought that, the total technological routine of
the survey was reasonable, with meaningful
results, and that it satisfies the requirements
of FAST design and construction. The precise
survey data should be analysed by
incorporating the rock properties and
geological conditions to give helpful advice for
the FAST design and construction.

Figure 15. The provincial governmental meeting on
FAST construction held at the FAST site, Pingtang,
Guizhou.
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EUROPE
APERTIF

DIGESTIF Front-end Upgrade

The APERTIF project, a SKA Pathfinder aiming
to significantly increase the survey speed of
the Westerbork Synthesis Radio Telescope
(WSRT), recently passed two important
milestones.

DIGESTIF is a phased array feed demonstrator
system that is installed in one of the WSRT
dishes (Figure 17).

Preliminary Design Review

In August 2009, the APERTIF system
successfully passed the Preliminary Design
Review (PDR) (Figure 16). A committee
consisting of Albert-Jan Boonstra (Chair,
ASTRON), Ger de Bruyn (ASTRON), Aaron
Chippendale (CSIRO), Jason Hessels (ASTRON),
Lister Staveley-Smith (UWA) and Bruce Veidt
(NRC-DRAO) reviewed a number of important
questions to make sure that the current
baseline design optimally covers the science
case and is technically feasible. An extensive
set of documentation was produced for the
review that describes the APERTIF science
requirements, system requirements, system
architectural design and design of the
subsystems. After the formal review process is
completed, this documentation will be made
publically available. The committee concluded
that all major risks were identified and that,
with APERTIF, ASTRON is at the international
forefront with respect to developing FPA
technology for radio telescopes. This excellent
result provides a solid base to continue the
critical design of APERTIF.

Figure 17. DIGESTIF, a phased array feed
demonstrator system.

In September 2009, an updated front-end
(antenna array and LNAs) was installed in the
DIGESTIF system. The new front-end was
designed to bring the system temperature
below 70 K. Through interferometric
measurements on 3C147, using two
conventional MFFE equipped dishes and the
PAF system, the sensitivity of the latter has
been measured. The measured ratio of Tsys and
the antenna efficiency (Tsys/eff) is 91 K. From
simulations we expect the antenna efficiency
to be 75%. Combining the two numbers
indicates that the system temperature is now
68 K (Figure 18). This is well in line with the
expectations and confirms that the final
APERTIF requirement of 55 K is within reach.

Figure 16. The APERTIF Preliminary Design Review

Figure 18. The APERTIF system temperature is in line
with expectations and the final requirement of 55 K
is within reach.

The APERTIF team
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LOFAR

performance of the station is evaluated, minor
problems are flagged and modifications or
repairs are carried out. After that, the station
can be used for observations and is handed
over from the rollout team to the Radio
Observatory of ASTRON. To date, ten stations
have been validated and are being used in
technical commissioning observations. First
fringes between the first three LOFAR stations
were detected in July 2009. Since then more
exciting observations have been made,
employing several more stations. LOFAR maps
of the low frequency radio sky are steadily
improving in quality, and pulsars have now
been detected both with the HBAs of LOFAR,
between 120-240 MHz, and the Low Band
Antennas (LBAs) between 30-80 MHz.

Over the summer LOFAR has grown from the
very first station (CS302), completed in March,
to more than half of the planned final size, by
November 2009. As described in the last
newsletter, the LOFAR roll-out, coordinated by
ASTRON, is now up to full speed after a long,
cold, wet winter and has progressed rapidly
over the summer.
By the end of November, the full hardware
had been installed on 23 stations including
two international stations. A further three
stations await only the installation of the High
Band Antennas (HBA’s). In autumn, as weather
conditions worsened, and the fields got
muddier, progress slowed down. But
placement of the HBAs continued and 26
stations should be ready soon. Construction of
the remaining twelve stations in the
Netherlands and six international stations is
expected to be completed in 2010.

Software development is a crucial part of the
LOFAR system. In collaboration with university
groups in the Netherlands and the
international partners, work is progressing on
the system and user software that is needed
to carry out a great variety of research
programmes. A suite of software pipelines for
the processing of LOFAR data is under
construction. The first three pipelines to be
completed
will
focus
on
standard
interferometric imaging, pointed observations
of known pulsars, and the detection of very
high energy cosmic rays. Although software
development is likely to continue for quite
some time, the focus in the coming months
will be on delivering a system that is ready to
start the first preparatory surveys and more
extensive commissioning tests in the first
quarter of 2010.

One of the most characteristic features of
LOFAR is the concentration of six stations that
are located at the heart of the array, and can
be seen in aerial photographs. These stations
have been built on what is being referred to as
the “superterp”. A circular island, about 340m
in diameter, that was created last year. After
leaving the ground to settle for a year,
construction of the stations started in August
2009 and is now finished.

Construction of international LOFAR stations
has also continued. July saw the delivery and
installation of the first HBA field at the MaxPlanck Institute für Radioastronomie’s station
in Effelsberg, Germany (Figure 20). In August
the first fringes between the Effelsberg station
and LOFAR stations in the Netherlands were
detected. In October, the HBA part of the
Tautenburg station of the Thüringer
Landessternwarte was completed. Meanwhile
construction of the stations in Potsdam
(Germany) and Nançay (France) is underway
and work is expected to start soon at
Chilbolton in the UK. Construction of the
stations in Onsala (Sweden) and Jülich
(Germany) is due to start next year. In total,
eight international stations are certain to be
built; five in Germany and one in France,
Sweden and the UK respectively. Colleagues in

Figure 19. The LOFAR stations on the so-called
“superterp”, as it looked when under construction in
August 2009. This is the central area of LOFAR where
the hardware of six stations is placed in very close
proximity; the antennas are now in active use for
commissioning observations.

Once the fibre connection to the correlator in
Groningen has been established, the stations
can be validated and tested. At this stage the
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Poland, Italy and Spain are working hard to
secure funding for further stations, which
would extend LOFAR’s baselines even further
and add to its capabilities.

with necessary technical commissioning
activities, in a programme that will be running
well into the second half of 2010. The “Longterm” proposals are being used for a census to
gauge the pressures on observing time,
modes, data access and handling resources,
and to provide feedback to the proposers on
appropriate project scopes. This will allow
iteration, and is a jump-start for the first full
proposal allocation cycle for the operational
period, that will follow in late 2010.
Looking back over the year, one can conclude
that major progress was made in construction
and commissioning of LOFAR in 2009. All users
are eagerly awaiting the completion of the
roll-out in 2010 and the ramp-up of
observations; ASTRON is expecting a steady
stream of visitors to participate in the
commissioning programme that will continue
the highly successful series of thematic Busy
Weeks conducted in 2009.
And last but not least: the LOFAR telescope
will be formally inaugurated on 12 June 2010.
The inauguration will take place in Exloo, next
to the core of the array. ASTRON expects this
to be a very special day, with about 400
people attending the ceremony.

Figure 20. The first completed international station
is that of the Max-Planck-Institute for Radio
Astronomy, situated in Effelsberg next to their 100 m
telescope, from which the picture was taken. All
stations in the Netherlands and abroad are designed
for use in interferometery; the data are processed on
the LOFAR BlueGene/P supercomputer in Groningen,

The LOFAR Team @ ASTRON

the Netherlands.

A working group with delegates of national
LOFAR consortia from each of the participating
countries has completed crucial steps towards
the formation of the International LOFAR
Telescope (ILT), which will cement the
international collaboration in the operational
phase. A formal memorandum of agreement is
expected to be signed next year.

SKADS

Several major events took place in the final six
month extension of the 48 month SKADS
project. The end of the project coincided with
the end of the Marie Curie for SKADS
programme.
EMBRACE

Following installation of the first LOFAR
stations
and
the
first
successful
measurements, an “Announcement of
Opportunity for Early access to LOFAR
observations” was issued on 10 July 2009. The
deadline was September 30, 2009. The call
was split into two categories. In total, 94
proposals were submitted, 59 for “Early
Access” commissioning projects and 35 for
“Long Term” projects. The proposals were
reviewed by the LOFAR Programme
Committee in December, 2009. “Early access”
proposals will be merged into a cohesive
shared-risk commissioning package together

A lot of progress was made in the last quarter
of 2009 when both EMBRACE stations in
Westerbork and Nançay were finalised. At the
end of 2009, project members from OPAR and
ASTRON worked closely together to set up and
configure the back-end hardware at the
Westerbork EMBRACE station. Software from
LOFAR has been reused and adapted for the
EMBRACE application. Specific software for
controlling the tiles has been developed and is
currently being enhanced to increase the
scanning speed. Within the official SKADS
timeframe, the EMBRACE team (with members
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from Nançay and ASTRON), was able to obtain
important results from the Westerbork Array
Test Station. Results are being obtained from a
4x4 tile configuration using one CDC per tile. It
has been demonstrated that the complete
data path is functional. A major requirement is
related to the beam shape of EMBRACE. An
important validation step is to verify that the
scanned tile beam resembles the beam shape
as is predicted by the models used for
designing the array. This verification has now
been realised by scanning the beam, using a
3x3 tile configuration, over the sky at the
frequency of 1487.25 MHz where the geostationary satellite Afristar is transmitting its
signal. A novel technique has been developed
to obtain the beam pattern of a tile and the
result is shown in Figure 21.

in the tile RF beam former and are not
discussed in more detail here. However,
another feature in Figure 21 is the almost
vertical null line through the picture at the left
hand side, which is explained by Erik van der
Wal using the series of pictures in Figure 22.

Figure 22. Pictures used to explain the about vertical
zero feature in the scanned pattern of Figure 21.

In Figure 21 a null-line crosses the side lobe
crossing in the left. This is caused by the fact
that the antenna elements are rotated 45
degrees with respect to the array outline
A combination of two antenna elements can
be defined as a unit-cell for the array (Figure
22 top left). If we assume the unit cell to be
isotropic (Figure 22 top centre), then the array
factor generates the normal sinc side lobe
pattern from a square aperture (Figure 22
bottom centre). To include the effects of the
unit-cell, this sinc pattern needs to be
multiplied by the pattern generated by the
two antenna elements in the unit-cell. The
pattern generated by the two elements,
generate a null-node pattern only in one
direction (Figure 22 bottom left). Since the
distance between the elements is related to
the distance between unit-cells, the two extra
grating lobes in Figure 22, bottom centre) will
perfectly cancel in the total array factor
pattern, but the ‘null’-line remains visible
(Figure 22 bottom right).

Figure 21. Scanned beam pattern including grating data
of a tile obtained by scanning a 3x3 tile configuration over
the whole sky. This is obtained by using the geo-stationary
satellite Afrista that transmits a signal of 1487.25 MHz.

This scanned beam pattern is measured
without applying corrections (calibration)
within a tile. The result resembles almost
perfectly the results, obtained from a model
based on the array factor with quantized
phases, including the artifacts. The result is
remarkable, almost too good to believe, and
shows how the mutual coupling is taken into
account in the design of this dense array.
The scan beam pattern has a dynamic range of
more than 30 dB. At coordinates (l,m)=(0.3,0.9) the signal from Afristar reveals the main
lobe of the scanned beam. All side lobes are
visible. The grating lobe of the scanned beam
creates another copy of the main lobe at
(l,m)=(0,0.75).

SKADS Conference: Wide
Technology for the SKA

Field

Science

and

From 4-6 November, 2009 the final SKADS
Conference took place in Limelette near
Brussels (Figure 23), the same place as where
the project was kicked off in November 2005.
In fact it was a whole SKADS week as there
was a Controllers meeting on 2 November

The dots in Figure 21 are a result of the phase
quantization of the 3-bits beam former chips
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focussed at the requirements for the Final
Report and the final meeting of the SKADS
Board took place on 3-4 November.

Figure 25. Jader Monari (left), SKADS Coordinator
Arnold van Ardenne (middle), Fred Dulwich (right).

The conference also marked the launch of the
movie “The making of EMBRACE”, giving an
impression of the whole process of design,
development, production and installation of
this instrument. Copies of the movie are still
available
at
the
SKADS
secretariat
(info@skads-eu.org).

Figure 23. SKADS Board and MT in Limelette.

MCCT SKADS Training Schools and Workshops

During the final six months of the Marie Curie
conferences and training programme three
workshops as well as the third school took
place.
The third school took place from 24-28 August,
2009 in Paris.

Figure 24. Participants at the SKADS Conference.

All oral presentations of the conference can be
found
at
the
SKADS
webpage
http://www.skadseu.org/limelette2/presentations.php
During the conference, the competition of
best oral presentation and best poster was
announced. Out of 77 contributions, both oral
and posters, prize winners were Fred Dulwich
(University of Oxford) for his oral presentation
and Jader Monari (IRA-INAF) for his poster
(Figure 25).

Figure 26. Participants from third MCCT SKADS
school 24-28 August 2009.

The main goal of the schools was to attract
and train the new generation of (Engineering)
scientists on radio interferometry, with special
focus on the SKA. This school was aimed not
only at radio astronomers, but also at young
astronomers and engineers from all fields of
astronomy. The venue of the School was at the
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original site of the Observatoire de Paris,
located near the centre of the City of Lights.

implement an arbitrary M.E., and to solve for
arbitrary subsets of its parameters. It also has
an extremely short turn-around time, and
unprecedented visualisation, for rapid
experimentation with new ideas.

The school covered the following areas:
•
•
•
•

•

Science and technology highlights of the
SKA
Scientific projects for the SKA Precursor
instruments (ASKAP and MeerKAT)
Science with SKA pathfinder instruments,
such as LOFAR
Scientific synergy with, e.g., the higherfrequency radio telescope ALMA and
with future large optical telescopes like
the E-ELT
New approaches in radio astronomy
imaging and calibration (like MeqTrees).

An important goal of this workshop was to
continue working together afterwards. The
group should be the seeding nucleus of a
Creative Commons, connected by the internet,
by a common language, and by common tools.
This is made possible by the unusual
modularity of MeqTree, which allows widely
separated people to contribute at the level of
processing scripts (Python) and specific nodes
(C++). These may then be shared and
cannibalised.
Another
important
communication tool is the “PURR log”, which
allows easy exchange of detailed results in the
form of images, plots and text.

Meanwhile the proceedings of all three MCCT
for SKADS schools have been made available
by PoS / SISSA.

The final (technical) workshop entitled “The
SKA and Digital Signal Processing” was held in
Manchester from 9-13 December, specialising
on digital signal processing (DSP) and beamforming. As the SKA presents major technical
challenges for DSP due to the high data rates
and the very large number of receptor
elements, the aim of this workshop was to
confront these challenges by looking at the
SKA hardware and algorithm requirements.
Discussions included developments on current
pathfinders, emerging technologies and how
these can be scaled to those required for the
SKA.

As there was a considerable budget left in the
programme Brussels agreed on an additional
workshop. It was hosted by the Observatoire
de Paris at the Nançay radio astronomy
Station, France, from 27 September-10
October 2009 (Figure 27).

The meeting was held in the Alan Turing
Building of the University of Manchester, with
one day of the workshop at Jodrell Bank
Observatory (Figure 28).

Figure 27. Participants at the Nançay workshop in
front the Nançay SKADS/EMBRACE radome.

The explicit aim was to identify, train and
connect a new breed of “user-developers”,
who are willing and able to lead the way
towards “3rd generation calibration” in radio
astronomy. The latter differs from traditional
calibration in its emphasis on directiondependent instrumental effects like the
ionosphere and individual station beams. It is
firmly based on the Measurement Equation
(M.E.), the full-polarisation matrix formalism
that describes a generic radio telescope.
Calibration of the new giant radio telescopes
would be unthinkable without it.

Figure 28. 2-PAD at Jodrell Bank Observatory.

The chosen tool is the MeqTree software
package, which has been explicitly designed to

On behalf of the SKADS team:
Steve Torchinsky, SKADS Project Scientist
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SOUTH AFRICA
MeerKAT Update

well as the engineering and science
verification that has to be done on each of
these. This will tie into the KAT-7 and MeerKAT
project plans that will be detailed early in
2010. The plan will be completed in early
2010.

XDM

A significant amount of effort has gone into
finalising and documenting the work on XDM,
one of the three MeerKAT project. The data
packs for XDM have been collated and the
lessons learnt documented in a series of
memos and weekly presentations that were
made to the Cape Town office.

The aim is to have seven antennas on site by
the end of January 2010.
System Engineering

A significant amount of work was spent on
getting the system reliable – this provided
valuable insight into testing of subsystems
prior to deployment and showed the level of
engineering and concept exploration required
to get a system running efficiently and reliably.
XDM is now being used by HartRAO for
scientific purposes.

System Engineering took responsibility for
systems which do not fall under the defined
subsystems.
RFI Containers:
The containers were originally delivered to the
South African Astronomical Observatory
(SAAO), where the integration of cooling
systems and power was completed in order to
minimise work on site. The container that will
house the RF down-converter, computing
equipment and correlator have been shipped
to site and all electrical work on now been
completed.

MeerKAT Precursor - KAT-7
Project Management

Site work:
Satellite links were installed and tested to
verify that the CT team has the capability to
operate the fringe finder remotely between
now and when the optical fibre connection to
Cape Town is available. A 12m container to be
used as an office on site has been positioned
next to the shielded container and the
electrical and communication lines have been
routed.

Figure 29. KAT-7 System.

The main focus of the telescope team (based
in Cape Town) has been on the development
and construction of the KAT-7 instrument, the
MeerKAT precursor. In order to facilitate
learning, a phase called “fringe finder” that
would allow collection of early data was
defined. While first fringes have been
observed, some effort is still required to
complete commissioning of the first two
antennas.
A detailed KAT-7 commissioning plan has been
drawn up and is being fine-tuned to fit with
the SKA site bid RFI campaign. This will map
the transition from fringe finder to KAT-7 as

Figure 30. Container on site.
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Figure 31. Feed mock-up.

Cooling:
Cooling units for the ASC container and for the
pedestals have been installed and the
plumbing has been done. Racks (with their
associated cooling to ensure performance and
life requirements on electronics are met) have
been installed in the Cape Town lab (for
integration testing) and in the container.
Pedestal controller:
Three pedestal controllers (for fringe finder on
site and a reference system in Cape Town)
have been delivered

Figure 32. Prototype industrialisation model.

Weather sensors:
Weather sensors have been installed.
Antenna Structures

An antenna trial assembly was done in Pretoria
to minimise work on site. The composite
dishes are moulded on site on a mould that
has temperature control installed. This ensures
that moulding is done close to operating
temperatures, thereby minimising thermal
effects on the telescope.

Figure 33. Trial assembly of antenna in Pretoria and
CAD image of completed antenna.
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Figure 34. Dish moulding in process.

Figure 38. Installation of antenna #1.

Four antenna structures have been installed
on site and the acceptance testing of the first
two is 90% complete. A fifth antenna structure
is being installed and a sixth dish is being
moulded. Significant progress has been made
in qualifying the manufacture process in order
to ensure that the composite dish is a viable
option for MeerKAT (and possibly SKA), as only
very low risk options can be considered.

Figure 35. Mould setup on site.

A qualification plan is being drawn up that will
address all perceived problems with composite
dishes (i.e. UV life, water ingress etc.) in order
to provide evidence whether the dishes are a
feasible option for SKA or not.

Figure 36. Moulded dish transported to site.

Figure 37. Antennas installed on site.
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Feeds and Cryo

RFE (Receiver Front End)

The development of the feed and cryo has
been completed. Specialists from the VLA and
HartRAO were involved in the PDR and the
CDR and feedback has been very positive. The
horn was tested at a testing range and actual
vs. theoretical performance (as determined by
EM modelling using FEKO) correlated very
well. An innovative OMT design meant that
weight budgets could be achieved and a strong
focus on limiting heat sources meant that
Stirling coolers could be used to achieve
temperatures of between 50-70 K in the cryo,
with associated savings on operating costs and
design simplicity. Part of the feed design was
to optimise the antenna strut shape and cone
deflector in the centre, to optimise EM
performance of the system as a whole.

For more information on the RFE system, refer
to the sections ‘KAT-7 Site Integration Status’
and ‘KAT-7 Lab Integration Status’.
Suppliers for LNAs that would meet the noise
figure and heat budget were identified and
samples tested to verify that the KAT-7
requirements would be met. All the LNA’s for
KAT-7 have been tested at cryo temperatures
to verify performance.
Suppliers for RFE cables (coaxial) that will be
used in cable wraps were identified and
samples of cables obtained to test in a
specially designed bending jig that is an exact
replica of the antenna azimuth stage. The
performance of the cables over 10,000 bends as well as any degradation - was evaluated
prior to purchasing the final cables to use on
KAT-7.

Two feeds for fringe finder have been
delivered and installed on site. These are
“hot” feeds i.e., not cryo systems.
Commissioning of a cryo system is in progress
– comprehensive testing need to be done on
this unit before taking it to site (including
three months reliability test) and it is
envisaged that the first cold feed will be
installed by the mid 2010.

Suppliers for RF-Optical receivers and
transmitters were identified and units that
would meet the KAT-7 requirements have
been purchased.
Optical fibre has been purchased and installed
to bring the RF signal to a central location (RFI
shielded container) where the downconversion is done.
The various RF stages were designed (including
cooling stages to ensure stability of the
system), reviewed, manufactured and tested
at the suppliers premises, after which the
integrated RFE system was tested in the lab
prior to start of the end-to-end lab integration
tests.
The complete RFE system has been installed
on two antennas, with a reference system
running in the lab.

Figure 40. Bending Jig Design.

Figure 39. Mounted Feed package.
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telescope devices through a range of proxies.
These proxies allow aggregation of low level
devices, as well as providing 'value added'
services such as applying pointing corrections
for antenna control.
A GUI and an interactive python shell are
provided as the user interface. The interactive
shell serves as a unified interface to the entire
system and provides functionality applicable
to telescope operators, scientist, engineers
and logistics staff. A wide range of signal
displays are available to allow the operator to
monitor the full signal chain of the telescope in
real-time.
Development on a single dish continuum
analysis package for commissioning purposes
was also undertaken. A compact and portable
file format using HDF5 as its basis has been
developed for single dish work on the fringe
finder and future telescopes.

Figure 41. RFE Architecture (LNA in cryo not shown).
DBE (Digital Back End)

The DBE team plays a leading role in the
ROACH collaboration. In the latter part of the
year, a CASPER conference was held in Cape
Town that brought together the leading role
players on correlators to discuss technologies
and approaches for the SKA.

Comprehensive documentation has been
developed alongside the system, including
both code level and high level design
documents. A continuous build approach
coupled with good unit test coverage has kept
software quality very high. Together with
software simulators for each major telescope
subsystem, this has resulted in painless system
integration.

The hardware required for fringe finder has
been tested individually and integrated into
the complete signal path (both in the lab and
on site). Work on additional functionality
required for KAT-7 (but not for fringe finder) is
underway and is reflected in the
commissioning plan for KAT-7.

The software effort has produced a broad and
functional base that will serve as a platform
for future software development in support of
KAT-7 and MeerKAT.
KAT-7 Lab Integration Status
Current Status Overview

The lab integration effort is now complete.
The effort took careful planning (lab
integration plan shown below) to coordinate
all the activities, and was done jointly between
System Engineering and Project Management.
Activities included component and subsystems
Factory Acceptance Testing (FATS); integration
and integration testing; and end-to-end lab
testing. Each test event is performed according
to a factory acceptance test procedure, based
on the specification of the component or
subsystem. In total, 119 tests were performed
on system level and 277 tests on subsystem
level.

Figure 42. DBE Roach Board.
CSS (Computing Subsystem) and DSG (Decision
Support Group)

The main thrust of the computing team for
2009 has been the development and delivery
of the Monitor and Control (M&C) software for
the Fringe Finder prototype. The M&C system
exposes control and sensor points for all
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Figure 43. Lab Integration Setup.
SAAO Physical Integration Facility

Integration Lab Setup

The SAAO facility was used to do physical
integration testing, mainly of the feed focus
assembly and for integrating the containers
before shipment to site.

Pinelands Integration Lab

The main integration facility is in the Pinelands
office in Cape Town. The integration lab was
populated and integrated as components
became available after their respective
acceptance tests. Early control and monitoring
testing with each subsystem (as they became
available) was invaluable to facilitate the
setting-to-work and integration of the end-toend system. The control and monitoring
integration tests were based on:
The hardware interface control document
(ICD) describing the cabling interface; The
software ICD, describing the application-level
interface between the specific device and
central control and monitoring software; and
the underlying protocol and global commands,
which are standardised and described by the
KAT standard for software interfacing. This
standard was extremely useful to simplify the
overall monitoring and control software and to
ensure smooth integration.

Figure 44. Containers at the SAAO.
Lab Integration Results

Lab tests indicate that the system is meeting
all its critical functional and performance
requirements. The graphs in Error! Reference
source not found. show some sample results
from the functional lab integration testing: The
power and phase
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Figure 45. Plots of Lab Integration Results #1.

spectrum for auto- and cross-correlation are
shown with some delay introduced in one
channel (resulting in the phase slope), the
figure also shows the predicted phase
gradient.
The plots in Figure 46 were captured during
functional testing. Correlated switched noise
was introduced at the input, to show the
correlated versus uncorrelated characteristics
of the system.
Figure 47. Plot of Lab Integration Results #3.
KAT-7 Site Integration Status
Integration Status Overview

Two antennas have been completely
integrated and set to work, including:
•
•

Figure 46. Plots of Lab Integration Results #2.

•
Figure 47 was captured during functional
testing of the coarse delay functionality. The
waterfall display of the cross-correlation phase
spectrum shows the changing phase slope as
increasing step function delays are introduced
in one channel.

•
•
•
•

Motion controller
Pedestal controller (which controls all RF,
including noise diode switching)
Feed and cryo system (currently not
cooled, only running at stabilised 25°C)
Focus RF assemblies (noise diode
assembly and RF stage 3 assembly)
RF stage 5 assembly in the pedestal
Optical transmitters in the pedestal
Optical link to container and optical
receivers in container.

A 12 m container has been installed on site to
serve as a temporary operating centre for the
engineering and commissioning teams. The
Antenna Services Container (ASC) has also
been installed on site, completely integrated
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and set to work. This shielded container will be
used for the next few months to house the RF
down converter, correlator and computing
facilities.

Figure 48. Container and weather mast installation.

MeerKAT

Figure 49. Pedestal and feed Installation.

A first order architecture has been designed
and a high order timeline has been completed
that will be revisited once the URS has been
finalised. Critical studies required to validate
the architecture have also been defined. It has
been a very busy, but also productive year.
The goal that was set to achieve first fringes
was met and detailed planning to complete
KAT-7 has been done. MeerKAT has been
kicked off and the engineering team are
looking forward to the challenges associated
with building a world class instrument.

First Field Results

On-site subsystem installation, setting to work
and testing is completed. System integration
and setting to work is also close to completion.
Formal system acceptance on site has not
started. The first integrated system signals
have been received, and first fringes have
been observed. More detail is provided in the
section ‘MeerKAT Precursor KAT-7 Sees
Fringes’.

SA SKA 4th Annual Bursary and Fellowship
Conference: Building Vital Capacity for the World’s
Biggest Radio Telescope

On 2December 2009, six postdoctoral fellows
and university supervisors, 48 postgraduate
students, academics and government officials
from some of the SKA African partners, the
SKA team and international guests converged
on the picturesque town of Stellenbosch near

Figure 50. Photo of first fringe observations using
the moon.
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Cape Town in South Africa for a five day
conference.
The South African SKA Project’s Youth into
Science and Engineering Programme holds an
annual Bursary Conference which has become
a much anticipated event on the SKA and radio
astronomy calendar. Students value the
opportunity to interact with the world’s
leading astronomers, the local astronomy
community and the SKA engineering and
science team and to mix with and meet other
students. Delegates from other African
countries which are part of the African SKA bid
also attended the conference.

Figure 52. Winners of the best presentations: Mr.
Paul van der Merwe from Stellenbosch University,
Mr. Gideon Wiid from Stellenbosch University, Ms.
Zara Randriamanakoto (from Madagascar) from the
University of Cape Town, Ms. Andri Prozesky from
the University of South Africa and Mr. Bosco Oruru
(from Uganda) from the University of the Free State
with Dr Matt Jarvis, who presented the prizes.

A number of side meetings took place during
the conference. A workshop was held on how
students on the SKA programme can
contribute further to the school outreach
programme. Dr Matt Jarvis, from the
University of Hertfordshire, held a very
successful discussion on the use of databases
from major surveys which are in the public
domain.

Figure 51. The 2009 SKA SA Project Postgraduate
Bursary Conference took place from 2 - 7 December
2009 in Stellenbosch, South Africa.

“The annual conference creates a sense of
community among students and researchers
involved in the SKA project,” said Kim de Boer,
SA SKA human capital development manager.
The conference also serves to hone the
presentation and communication skills of the
students and postdoctoral fellows. They and
their supervisors and the SKA team, as well as
the international guests, all present on their
current research.
The students’ presentations were judged by
their peers, and the top six projects were
awarded prizes. As with the past three
conferences, the student presentations
elicited a very favourable response from
visiting international scientists who rated the
quality of the students’ work as comparable
with the best to be found internationally.

Figure 53. Dr. Matt Jarvis discusses surveys with
students and researchers.

“The rapid growth of a vibrant and very
enthusiastic astronomy community and the
high quality of the research by the students
and post docs is boosting Southern Africa’s
reputation as a hub for astronomy” said Dr
Bernie Fanaroff, SA SKA project director. He
said “One of the most exciting developments is
the enthusiasm of our African partner
countries. The University of Nairobi in Kenya
has started an astronomy and astrophysics
course. They received sixty applications for
their first year, but could only take nineteen.
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The University of Antanarivo in Madagascar
has established astronomy courses and
Mauritius has had a radio astronomy group for
many years. The Namibian technical university
is also working on research projects with us.”
The South African SKA Project
Human Capital Development Programme
Cumulative Statistics of intake by Academic Level
(as at January 2010)
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Figure 54. The South African SKA Project Human
Capital Development Programme cumulative
statistics of intake by nationality (as at January
2010).

Number of bursaries, fellowships and grants

The South African SKA Project
Human Capital Development Programme
Cumulative Statistics by Nationality
(as at January 2010)
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Figure 55. The South African SKA Project Human
Capital Development Programme Cumulative
Statistics of intake by nationality (as at January
2010).
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The South African SKA Project
Human Capital Development Programme
Cumulative Statistics by Gender
(as at January 2010)
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Figure 56. The South African SKA Project Human
Capital Development Programme Cumulative
Statistics of intake by gender (as at January 2010).

The SKA Youth into Science and Engineering
Programme was initiated in 2005. The
programme offers comprehensive bursaries to
students in engineering, physics and
astronomy
at
undergraduate
and
postgraduate level. Prior to 2008 the focus
was on PhD and MSc students, but since 2008
undergraduate students have been included in
order to increase the pool of potential
students and attract more of them into
astronomy and the relevant engineering
disciplines. The undergraduate programme
focuses particularly on attracting a greater
number of black and women students.
International astronomers who presented at
this year's conference included:
Prof. Lister Staveley-Smith: Deputy-director
(Science) of the International Centre for Radio
Astronomy Research (ICRAR).
Prof. Marc Verheijen: Kapteyn Astronomical
Institute - University of Groninge.
Dr. Andrew Faulkner: SKADS Project Engineer,
University of Cambridge.
Dr. Matt Jarvis: Centre for Astrophysics,
Science & Technology Research Institute:
University of Hertfordshire.
Prof. D.J. Pisano: Department of Physics,
University of West Virginia.
Dr. Girish Beeharry: Head of the Physics
Department, University of Mauritius.
Dr. Somanah Radhakrishna: Mauritius Radio
Telescope.
Dr. Oliver King: W.M. Keck Institute for Space
Studies Postdoctoral Fellow at the California
Institute of Technology.

Figure 57. International guests from Namibia,
Kenya, Mauritius, Britain, the Netherlands, Australia
and the United States with Professor Justin Jonas,
Associate Director of the South African SKA Project.

At the SKA Forum which was held in Cape
Town in February 2009, Dr Gill Marcus, the
Governor of the South African Reserve Bank,
said that she was convinced that the SKA
telescope would give young people in Africa a
sense of purpose and inspire them to pursue
maths and science at school and to follow
careers in science and engineering. This would
create a critical mass of problem-solving
thinkers, able to find solutions to the water,
food, health, energy and environmental
challenges of the continent. In her keynote
address to mark the opening of the Bursary
Conference, the Minister of Science and
Technology, Ms. Naledi Pandor, stated: ‘The
South African SKA project’s Human Capital
Development Programme that has a deliberate
focus on capacity development and this has
been recognised internationally as unique and
highly successful.’
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HARTRAO 26m Antenna Bearing Replacement

The renewed 26 m telescope will be used for
single dish observations and astronomical
VLBI, including the ICRF campaigns.

On 3 October 2008, the 26 m antenna at
Hartebeesthoek suffered a failure of the major
bearing at the southern end of the main polar
drive shaft. Fortunately, the antenna was
pointing near to the zenith at the time and
could be driven slowly to the safe (zenith)
stow position, where it has remained. No
other structural damage occurred. The
antenna is one of the series of 1960s NASA
deep space satellite tracking antennas, some
of which have been retired, while others
continue to be used for astronomy.
The polar shaft supports all two hundred
tonnes of the moving structure above it and so
to extract and replace the bearing is a major
job, involving partially releasing the structure
above the shaft and jacking it up it in order to
extract the faulty bearing and to examine the
damage in detail before replacing it with a
similar new bearing. The roller bearing has a
diameter of about 70 cm. The northern end of
the polar shaft has a spherical thrust bearing
which is unlikely to be damaged.

Figure 58. The 26 m Hartebeesthoek Radio
Telescope (with the MeerKAT XDM in the
background and the Satellite Laser ranger and GPS
system in the foreground).

Prof Roy Booth
Director
Hartebeesthoek Radio Astronomy Observatory

MeerKAT Request for Proposals

Since the problem occurred, several teams of
engineers have been brought in to examine
rectification strategies. Most wanted to charge
to conduct studies before quoting for the
repair but some three months ago, we were
contacted by the General Dynamics Company,
whose engineers visited the Observatory,
studied the problem and there and then
decided on a repair strategy and subsequently
quoted. They had earlier spoken with US
engineers who had experience of the antenna.
They collaborated with a local company,
Stratosat, who have organised local suppliers
for some of the work. We are delighted to be
able to announce that the repair work is about
to begin and we are grateful to the
Department of Science and Technology for
providing the funds for the work. The work
should be completed before the middle of
2010. This will enable our scientists to
continue to collaborate in the international
VLBI networks.

As the MeerKAT precursor array of seven
antennas takes shape, we have announced a
Request for Proposals for Survey projects for
the full array. The RFP was sent to Astro-ph on
15 October and can also be found on the SA
SKA web site. The call describes the recent
changes in specification of the array to include
a 60 km spur of seven antennas, giving an
approximately E-W baseline of 60 km from the
main 8 km configuration, and an extension of
frequency ranges to include a lowest
frequency of 580 MHz, to extend the HI
redshift range to z=1.4, a high frequency
extension to about 15 GHz, to enable surveys
for pulsars and transients towards the centre
of the galaxy and to give the possibility of
detecting CO at a red shift approaching z=7.
Several key projects are suggested including
Deep HI surveys, HI Absorption observations
(including OH mega masers), Ultra-deep
continuum surveys with full polarisation,
Magnetic fields in clusters, and Deep Galactic
studies, including the Magellanic Clouds.

We are also lucky to be able to take over the
first KAT 15 m prototype antenna, XDM, which
we will use for regular S/X Geodesy VLBI in
order not to subject the repaired 26m
telescope to the arduous slewing routines
which are typical of Geodesy observations.

The high frequency capability will be phased-in
in 2014 and the full low frequency range in
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The antennas and ground screens (see
previous SKA newsletter) were packed and
shipped by sea from Green Bank to Cape
Town. The Charlottesville team had carefully
developed the design of these parts including
the plan on US manufacturing and remote
field deployment.

2016. The former will facilitate high frequency
surveys for pulsar and transients, as well as
deep searches for high-z CO emission. The
antennas of the 8 km central part of the array
may be connected for VLBI observations.
The date for submission of proposals is 15
March 2009
Precision Array for Probing the
Reionisation (PAPER) in South Africa

Epoch

of

The PAPER team successfully deployed a 16dipole array at the Karoo Array Telescope
(KAT) site during October 2009. This is a
change in venue from earlier plans to continue
at the Murchison Radio Observatory site. The
change for this year's campaign was driven by
the ongoing joint effort in correlator
development between Berkeley and Cape
Town digital groups (CASPER and KAT, resp.).
One advantage to the long term goals of the
SKA Programme will be the in depth
assessment of low frequency observations at
the two sites. The KAT group provided
welcome assistance in making this deployment
successful.

Figure 60. PSA-16 deployment team: October 2009
(left-right standing) Carel van der Mere, Don Backer,
Freedom Kubeka, James Aguirre, Tandeka
Makhanya, Jason Manley, Charity Zondi, Danny
Jacobs; (left to right kneeling) Aaron Parsons,
Gerard Kubeka.

The PAPER (Figure 60) team started to arrive
at the end of September. Supplies were
purchased in Cape Town, followed by an allday drive out to Carnarvon, a town that is
about an hour's drive on gravel road from the
KAT-7 site. A group of four interns from a
technical college in Durban joined the effort,
and provided a lot of help. In exchange they
were taught about radio astronomy
instrumentation. The dipole sites were laid out
with GPS unit loaned from the Allen Telescope
Array project. Next the antenna and ground
screen kits were unloaded, ground screens
assembled and placed in field. Then the RG-6
cables that carry RF from both polarisations
along with DC power were laid out between
the antennas and container equipment hut.
The rest of the PAPER team showed up after
the CASPER workshop concluded in Cape Town
(and a weekend trek to Table Mountain). The
electronics (active balun at the antenna,
receivers in the hut) were installed and tested.
A small ('pocket') digital correlator,
affectionately called PoCo, was installed along
with a time/frequency GPS receiver. We were
ready to go. A fringe was basically seen that
first day of electronics installation, but the
really convincing data came the next day.
Within a few days of data taking Aaron
Parsons had a map of the southern sky to
show off; all were pleased. The 8-input PoCo
was cycled around the 16 antennas over the

The first stage during September 2009
consisted of clearing and levelling a 300 m
diameter circle at the selected site (Figure 59)
along with a 2 km road into the site from the
nearby KAT-7 deployment area. The KAT group
was able to loan our group one of its four
shielded enclosures, which made this
deployment possible. The container labs have 160 dB of shielding and are well equipped
inside with outlets, lighting and bulkheads.

Figure 59. Precision Array for Probing the Epoch of
Reionisation (PAPER) in South Africa (PSA-16) during
the October 2009 campaign. Sixteen dipole
antennas are deployed within a 300 m diameter
circle about 2 km east of the KAT-7 site in the Karoo
desert near Carnarvon. Cables connect the dipole
electronics to a central equipment hut, which is a
cargo container outfitted for RFI shielding, electricity
and air conditioning and on loan from the KAT
project.
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week of our data taking to sample all of the
baselines. The data are being calibrated and
analysed. Figure 61 and Figure 62 show the
results of one day of this data. Only seven
antennas are used. The eighth was put on load
to act as a 'Gain-o-Meter'; temperature affects
the balun gain. If one antenna is on load, then
its power fluctuations are a combination of the
kTaB power of the load and the gain
variations. The all-sky image (Figure 61) is a
blend of that done in Green Bank with a 15dipole array and the PSA result. Imaging is as
successful as it is with these small arrays owing
mainly to the wide fractional bandwidth of the
correlator (~80 MHz), which allows multifrequency synthesis (see Parsons et al., astroph).
The team will continue the 2009 campaign
with a buildout in January 2010 to 40 antennas
along with a full-Stokes parameter, 100 MHz
bandwidth packetised correlator. The current
plan is to begin the 2010 campaign after the
football World Cup with completion of a 128dipole array, expanded correlation and multimonth integration to determine how deep we
can peer through the synchrotron and point
source foregrounds.

Update on MeerKAT Infrastructure

Figure 61. PGB-15 and "first look" PSA-7 all-sky

Figure 63. Steel monopole structure.

Power provision

Construction of the grid power line is
progressing well. The construction of the steel
monopole structure and wooden pole
structure is approximately 80% completed.
Line stringing has commenced on various
sections of the line. The plans for the upgrade
to the Karoo substation have been submitted
to Eskom for approval. It is expected that the
tender for the upgrade to the Karoo substation
will be advertised in early 2010. The National
Research Foundation (NRF) has signed the first
feasibility quotation for linking into the Eskom
grid. The SKA SA is currently awaiting the
detailed feasibility quotation from Eskom for
sign-off by the NRF. The SKA SA is also in
discussion with Eskom on the Service Level
Agreement which will be entered into
between Eskom and the SKA SA. The line is
expected to be operational in January 2010.

image at 150 MHz. Colour scale is log10 (Jy/beam)
from -1(blue) to 2 (red). Centre is at RA=0
(daytime/sun is on the wrap-around). Synchrotron
emission from the Galaxy is strongly filtered by
limited, short-baseline up-coverage.

Figure 62. Blow up of Figure 61 around 23h RA -17d
DEC. Labelled sources are from Culgoora catalog
with flux densities above 10 Jy.

Figure 64. Wooden pole structure with strung cable.
Solar Power

The user requirement for the establishment of
a 1 MW photovoltaic installation at
Klerefontein and a concentrated solar power
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plant for MeerKAT has been completed. This
will be signed off by the SKA SA, after which a
pre-feasibility study will be advertised for both
pilot solar plants. The SKA SA is in discussion
with a European development bank to secure
grant funding towards the establishment of a
pilot solar thermal plant. The project is also in
discussions with the William H Clinton
Foundation around areas of cooperation.

final report is expected in January 2010.
Establishment of Klerefontein
Temporary Visitor Centre

Exhibition

/

The SKA SA project has received ZAR100,000
funding from the Northern Cape Department
of Tourism and Environmental Affairs to
establish an interim exhibition room at the
Klerefontein office. The design of the
exhibition stand and MeerKAT model is
underway. It is expected that this will be
completed in January 2010. Exhibits will also
be placed in the Carnarvon and Williston
libraries.

Optic Fibre Network

The provision of optic fibre cable from the site
complex to Carnarvon forms part of the Optic
1 contract for the grid power line. The fibre
cable will be strung along the power line once
the line has been completed. Broadband
InfraCo has received their ICASA license. A
Memorandum of Understanding has been
drafted between the SKA SA, SANReN and
Broadband InfraCo. This is a statement of
intent to form a partnership for the provision
of local and international connectivity.
SANReN published a Request for Proposals on
the 11 November 2009 for the provision of
optical fibre from Carnarvon to Cape Town. It
is expected that fibre will be installed by the
end of March 2010.

MeerKAT Precursor KAT-7 Sees Fringes

The South African MeerKAT Project reached a
major milestone on 3 December 2009 when
interference fringes were seen between two of
the dishes which have now been constructed
on the MeerKAT site. This milestone was
reached ahead of schedule – it was originally
scheduled for 18 December 2009. This is a
major achievement for the MeerKAT team.
The subsystems were developed and tested in
Cape Town and integrated in the integration
laboratory in the MeerKAT Cape Town office.
Fringes were seen from a range of radio
sources within a few days of the final
subsystems arriving on site for installation.
Although a great deal of work remains to be
done on the MeerKAT precursor, the speed
with which this milestone was achieved has
demonstrated again the commitment and
competence of the South African SKA Project’s
MeerKAT team.

KAT-7 Reticulation

All the trenching, ducting and power cabling at
the KAT-7 site and between the site complex
and the site has been completed.
Provision of Design and Engineering Services for
MeerKAT

Aurecon International has been appointed for
the provision of design and engineering
services for MeerKAT. Work has commenced
on the conceptual design of the five
infrastructure work packages for MeerKAT.
Socio-Economic Impact Study

The University of the Free State has been
appointed by the project to conduct a followup socio-economic impact study of Carnarvon,
Williston and Victoria West. This study will
measure the impact that construction activity
has had in the local area since construction
commenced in November 2007. The
household survey and business survey will be
completed by the end of November 2009. A
baseline study was conducted in 2007 and the
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the other African countries participating with
South Africa in the bid.
South African SKA Research Chairs

The South African SKA Project, together with
the NRF, has established five SKA research
chairs as part of the South African Research
Chairs Initiative. The chairs were advertised in
August 2009 and have now been awarded to
the University of Cape Town, the University of
the Witwatersrand, Stellenbosch University,
Rhodes University and the University of the
Western Cape, for research into radio
astronomy instrumentation, multi wavelength
astronomy and experimental cosmology. The
universities are now seeking international
candidates for these prestigious chairs. Each
chair is worth €270, 000 per chair for 15 years.
People who are interested should contact the
universities directly or the South African SKA
Project Office at kdeboer@ska.ac.za.

Figure 65. Interference fringes formed by correlating
the signal received by the two antennas from the
Orion radio source (bottom 420-700 secs), followed
by slew to Jupiter (middle section around 400 secs
without fringes) followed by track of Jupiter (top 0340 secs). The correlator coarse delay correction has
been applied in each case. The frequency bandwidth
displayed is 400 MHz with a centre frequency of 1.8
GHz (frequency increasing to the right). The thin
vertical lines indicate known internally generated
signals within the prototype correlator.

Figure 66. Interference fringes from a range of
sources.
South African Cabinet Establishes Inter-Ministerial
Committee

The Cabinet of the Government of South Africa
has established an inter-ministerial committee
consisting of seven ministers, chaired by the
Minister for Science and Technology, Naledi
Pandor. The mandate of the committee is to
facilitate Africa’s SKA site bid. Minister Pandor
has also been in discussion with Ministers in
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USA
Technology Development Programme (TDP)

Antennas Working Group

The TDP is a four year project funded at a total
of $12M by the National Science Foundation
to support U.S. participation in the SKA
project. It is a distributed effort involving
institutions in the U.S. that are members of
the U.S. SKA Consortium. The TDP is centrally
managed at Cornell University with J. Cordes
as Project Director and L. Baker as Project
Manager. Primary TDP activities are technical
but the funding also supports the US
contribution to the Common Fund for the
SPDO and funds the travel of US participants
to SSEC meetings.
The primary work areas for the TDP are (1)
Antennas, Feeds and Receivers and (2)
Calibration and Processing. Associated with
each of these is a working group, the Antennas
Working Group (AWG) and the Calibration and
Processing Group (CPG). These groups are one
of the vehicles for organising the distributed
effort in the U.S. and they also serve as points
of contact between the U.S. and working
groups of the SPDO and individual groups
around the world working on closely related
tasks. In particular, there is international
membership in both the AWG and CPG. The
aim of the TDP is to develop particular
technologies that will provide options along
with performance and cost assessments
necessary for making decisions for the overall
system design of the SKA. TDP work areas are
identified as those that are particularly
important in analyses of tradeoffs between
scientific requirements, performance and cost.

The AWG held a meeting in May 2009 in Los
Angeles that was well attended by
representatives from around the world. A
consensus view emerged that the dish
component of the SKA would be an off-axis
shaped reflector system that would
accommodate multiple single-pixel feeds and a
phased-array feed, as needed. There was
agreement that a detailed optical design was
needed along with a development time line so
that that an optimised SKA antenna could be
developed by the TDP as part of an antenna
verification programme. The TDP Project
Office is developing the optical design, with
the work being led by L. Baker, G. Cortes, B.
Imbriale (visiting from JPL), and S. Chatterjee.
Wideband single-pixel feeds are being
developed in the TDP, including an updated
ATA feed, the QSC feed, the Lindgren feed, the
Kildal “11” feed, and a sinuous feed design.
The goal is to optimise noise performance and
characterise feed patterns for use in optical
designs.
Optimised
reflector
designs
necessarily must take into account the
illumination angle of the feed, which varies
between the different designs. The QSC feed
has been tested at a commercial testing range
while the Lindgren feed has been tested at the
USC range and on the GAVRT antenna at
Goldstone. Feed tests will continue.
Considerable discussion has taken place
between the TDP Project Office and the SPDO
about verification of the antenna. The
purpose, realisation, and testing of a
prototype SKA antenna under an Antenna
Verification Programme is actively being
discussed.

Status and Recent Activities

The TDP has just begun its third year. The
baseline work plan is described in the Project
Execution Plan (PEP) available on the TDP web
site (http://www.astro.cornell.edu/SKATDP).
This plan is subject to updates in consultation
with the NSF and our advisory and oversight
committees and in collaboration with the
SPDO. Work has progressed in the two main
areas described above.

Calibration and Processing Group (CPG)

In the calibration and processing area, recent
work includes studies in:
•
Calibration and processing feasibility:
Constraints on reflector and feed designs
(Lead: UIUC);
•
SKA Calibration: MWA techniques (Lead:
MIT/Haystack);
•
MWA Calibration Approach (Lead:
MIT/Haystack);
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•

•
•
•
•

In parallel with the development of DVA-1, the
TDP will conduct a manufacturing study that
will assess the costs of different manufacturing
methods and materials for producing large
numbers of antennas.

Feasibility studies: Exploring high
dynamic range imaging using the ATA
(Lead: UCB);
Imaging feasibility: direction-dependent
terms;
Processing feasibility studies: Primary
beam shape calibration from mosaicked
observations (Lead: UCB);
Assessing direction-dependent imaging
fidelity (Lead: UIUC);
SKA costing: Image formation costs.

U.S. Demonstrator Arrays
Expanded Very Large Array (EVLA)
Imminent VLA replacement by EVLA

The EVLA project is making good progress
toward its completion in late 2012, when the
final receivers will be installed. At the end of
September 2009, 23 of the 28 VLA antennas
had been converted to EVLA specifications,
and now account for more than 80% of all
antenna-hours in scientific observations.

A key activity for the CPG is to develop imaging
algorithms that can achieve high dynamic
range on typical patches of sky. Dynamic
range will depend strongly on the level and
stability of far-out sidelobes of individual
antennas, so the CPG effort will feed back to
the AWG in order to develop acceptable
antenna designs.

The last antennas are scheduled to be
converted in approximately mid 2010. The
project is on track to be completed on time
and on budget.

Dish Verification Antenna

The TDP, working in conjunction with global
partners, will develop an antenna to a suitable
test site in about two years’ time. This antenna
will have specifications agreed with the SPDO
and other partners and will be as close as
possible to the performance of those antennas
that will be mass produced for the first phase
of construction of the SKA. Because there may
be other one-off antennas produced in the
pre-construction phase, we refer to this
antenna as DVA-1. It will be outfitted with
suitable feeds and receivers to cover the 0.3 to
10 GHz band identified for the mid-frequency
range SKA. These will be selected, as
appropriate, from the results of current R&D
on wide-band, single-pixel feeds, phased-array
feeds with due consideration of the
cost/performance benefits of octave feeds.
The main intent of DVA-1 is to verify on the sky
performance of the system as a single-antenna
system and to characterise its performance
working in conjunction with an array, such as
the EVLA. The far-out sidelobe pattern and its
stability are of great interest for high dynamic
range imaging.

The new EVLA correlator, supplied by our
Canadian partners, is now undergoing its
installation and system integration, and
numerous test observations are being carried
out using a 12-station subset of the correlator
on a single 1 GHz band (10 times the
bandwidth of VLA). Figure 67 shows a singlebaseline spectrum of an observation of 3C 273,
composed by stitching together eight 128-MHz
sub-bands in the bandpass from 1 to 2 GHz.
The amplitude roll-off below 1.1 GHz is caused
by the fact that one of the antennas in this test
had an old polariser installed rather than the
new EVLA polariser for the 1-2 GHz band; the
roll-off will not occur in the final EVLA.
The old VLA correlator will be decommissioned
on 11 January 2010, after 30 years of
operation. The target date for the EVLA to be
back on line with the new correlator is 1
March 2010. At that time, at least 25 antennas
will be converted to EVLA standards, and all
future data will be EVLA data.
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Figure 67. Spectrum of 3C 273 from 1-2 GHz, on a
Hardware Developments

single EVLA baseline. Note the phase continuity
among the eight sub-bands. The slight amplitude

EVLA continues development of its last new
receiver bands. More than half of the EVLA
antennas now have receivers installed in the
new 26.5-40 GHz band, and routine
observations in that band have commenced.
The on-antenna performance of a prototype
12-18 GHz receiver system has been
evaluated, and the performance exceeds
design specifications. Three candidate designs
for the 8-12 GHz orthomode transducer were
reviewed in October; a final selection is now
being made, with production expected to
begin in the first quarter of 2010.

drops where the sub-bands are stitched together are
a predicted outcome of the digital filtering that is
employed. The roll-off below 1.1 GHz is due to the
presence of an old polariser on one of the antennas,
and will not be present in the final EVLA.

The new correlator will initially be operated
for most users with two basic set-ups, one for
continuum
and
spectro-polarimetry
observations with two sub-bands of up to 128
MHz bandwidth each, full polarisation, and
one set-up for spectral-line observations with
a single sub-band of width up to 128 MHz, dual
polarisation. Both of these will provide
significant enhancements over old VLA
capabilities; the presence of numerous
spectral channels also means that data-set
sizes will be significantly larger than most
users may be used to dealing with. Because all
observations will be carried out while the EVLA
is undergoing commissioning, they are
classified as “Open Shared Risk Observing,”
and all users are invited to contribute to EVLA
commissioning by reporting on their data
acquisition
and
analysis.
See
http://science.nrao.edu/evla/about/osro.shtm
l for further details. General information on
EVLA status and observing capabilities may be
found at http://science.nrao.edu/evla/.

Installation of the second set of frequency
synthesisers, required to reach the full 8 GHz
bandwidth of the EVLA, is on schedule.
Production of the high-speed sampler modules
(2 GHz bandwidth, 3-bit samplers) has been
delayed because of issues with the vendor’s
demultiplexer not performing up to
specification. It is expected that final
installation of the wide-band sampler units will
be complete by late 2011, well in advance of
the time when the 8 GHz bandwidth is
scheduled to be offered to the user
community.
Software Developments

All observation sequences for EVLA will be set
up using a new observation preparation tool,
which already has been used for the new EVLA
frequency capabilities (4-8 GHz and 26.5-40
GHz). The data archive tools are in place to
handle EVLA data. A public release of CASA will
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take place in December 2009, and should
include the basic capabilities needed to reduce
EVLA data.

See:
http://science.nrao.edu/evla/about/rsro.shtml
for more details.

EVLA Completion/Availability Schedule

Allen Telescope Array

Figure 68 and Figure 69 show the approximate
schedule for completion of the EVLA, and for
availability of some key capabilities.

The ATA has launched a major set of surveys
and science observations that exploit the
unique capabilities of the array in frequency
coverage, field of view, and digital signal
processing. The observational programmes, in
radio astronomy and SETI, represent the first
steps towards carrying out the scientific
promise of the ATA. These surveys have been
conducted in concert with observations for the
US Air Force.

Figure 68. Staged plan for the final years of
transition from VLA Operations to EVLA Operations.

SETI surveys include the Galactic Centre
survey, a targeted star survey, and the PiHI
survey. The GC survey is searching for
narrowband transmitters from 10 square
degrees over the frequency range 1.42-1.72
GHz. This survey, conducted when the GC is up
at night time, is approximately 20% complete
with 712 observations of 3500 total positions.
783 stars were observed as part of the
targeted star programme. The PiHI
observations
focused
on
correlator
observations of targeted stars in search of
narrow-band signals. Results from SETI surveys
will be presented in posters at the January AAS
meeting by Backus and Harp.

The schedule for bandwidths shows the availability
for the general observer; the larger bandwidths may
be available earlier for Resident Shared Risk
Observing.

The Pi GHz Sky Survey (PiGSS) is a 3.1 GHz
survey of the extragalactic sky for transient,
variable, and static sources. Four months of
observing during the summer produced 70
individual observations of 10 square degrees
and two epoch observations of 250 square
degrees,
both
with
sensitivities
of
approximately 1 mJy. A deep image of the 10
square degree field is attached. Transient
survey of 10,000 square degrees at 3.1 GHz is
underway. Observations for the 20 cm ATA
transient survey which covers 800 square
degrees more than 10 times have also been
completed. Transient and static sky surveys
are also being performed commensally with
SETI surveys of the Galactic Centre and other
regions at 1.4 and 2.0 GHz. Results from
transient surveys will be presented at the
January AAS meeting by Bower, Croft, and
Williams.
Significant effort has been made to
understand and calibrate the polarisation
performance of the ATA in collaboration with
Bryan Gaensler. Law will present results of

Figure 69. EVLA receiver availability schedule for the
remainder of the project. Interim receivers (e.g., 1-2
GHz receivers without full polarisation capability)
are not shown.
Resident Shared Risk Observing

NRAO has implemented a Resident Shared Risk
Observing (RSRO) programme, which provides
observers with earlier access to some EVLA
capabilities in return for spending a period in
residence at NRAO making contributions to
commissioning of the telescope. Up to 25% of
the EVLA observing time may be allocated
under this programme.
The first RSRO
proposals were received at the 1 October 2009
proposal deadline, and presently are under
evaluation.
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polarimetric observations of bright AGN at the
January AAS. Additional science activities
include submission of a paper to ApJ by
Williams and Bower on ATA multi-frequency
observations of nearby star-forming galaxies,
HI imaging of nearby galaxies (Bauermeister
and Blitz), spectral observations of starforming regions (Forster and Welch), and lunar
observations (Blair et al.).

early science using the prototype boards and
20 antennas. Meanwhile, the site for the
second LWA station has been fenced in, power
has been hooked up, and a small electronics
shelter has been installed. More details can be
found on the LWA web pages at
http://lwa.unm.edu

A small amount of commissioning work is
underway, including continuing retrofits to the
ATA feed and upgrade of the correlators to
handle all 42 antennas. Significant effort is
underway related to the SKA TDP project
including design of the prototype antenna for
the dish verification programme, modifications
and tests of the ATA feed, and study of high
dynamic range imaging.
Figure 71. LWA TAC member Mike Davis
demonstrates the proper way to pound in ground
stakes to UNM student Steve Tremblay.
Murchison Widefield Array (MWA)
November/December 2009 Site Visits

MWA site visits in November and December
2009 to install the 32-tile (32T) hardware
correlator and real-time imaging computer
have dramatically increased the capability of
the instrument, though a few bugs still need to
be squashed. The recent results and images
that have been emerging as a result of
processing through the entire system, from
tile, to beamformer, to receiver, to correlator,
to RTS have really instilled confidence that the
whole 32T machine (when fully debugged) is
not only going to work, but that it will start
producing exciting (but limited) science within
the next few months.

Figure 70. Image of 10 square degree field from the
PiGSS survey.
Long Wavelength Array (LWA)

As winter approaches the construction of the
first LWA station is winding up (Figure 71).
Most of the 256 dipoles have been assembled
and installed through volunteer efforts by
students and staff participating in weekend
work parties that started in October 2009.
Before that a team of Civil Engineering
students laboured over the summer and into
autumn to install buried conduits and to
pound in the posts for the antennas. The new
electronics shelter has been installed, and the
prototype analogue receiver and digital
processing boards are undergoing final
evaluation. The Critical Design Review for the
first station took place on 20 November 2009.
With the successful completion of the CDR,
production runs of the station electronics will
soon begin. While that is happening
commissioning is planned to start as well as

By the end of the December 2009 site visit, a
significant amount of data necessary to
validate the 32T system had been taken and is
now being analysed. Following are a couple of
examples of some of the early results from
these site visits.
‘Hands free’ Real-Time Images

The images in Figure 72 are from the initial run
of the 32T data through the hardware
correlator and real-time calibration and
imaging system (RTS), which operates on
a cluster of PCs and graphics processing units.

54

The RTS produces eight second snapshot
images that are weighted, regridded to a
constant coordinate system, converted to
Stokes, and averaged together over a few
minutes before being written to disk. The RTS
was running in a mode in which each of the
four computer nodes was creating snapshots
over approximately 8 MHz (from ~ 100 MHz130 MHz). Due to receiver-to-correlator
communications problems, only 24 tiles were
used to create these images. These images
were created in real-time and ‘hands free’.
Over 1600 of these weighted snapshot
integrations went into the creation of the
images, taken while Pictor A was above an
elevation of 45 degrees. Most were made after
subtracting Pic A from the visibilities (the
"peeled" image), but about one fifth had no
source subtraction (the dirty image). All
weighted images were then averaged together
into either the dirty or peeled image, and the
weights removed.
Data collected in December 2009 are being
used to tune the RTS so that many of the other
sources can be calibrated and peeled on future
expeditions; the noise in the peeled image is
completely dominated by sidelobes. Other
bright sources in the field are J0429-3630,
J0429-5349, J0512-4824, J0522-3627, J05364944, J0549-4051 and J0626-5341.
Updated Project Plan

An updated project plan through completion
of the 512T array, including commissioning
and testing, is nearing completion, with the
remainder of the project divided into three
phases. Phase 1 will see the completion and
validation of the 32T array, ending
approximately March 2010; Phase 2 carries
through the build out of the full 512T array,
projected to finish around the end 2011; Phase
3 encompasses commissioning and early
science, projected to run to approximately the
end of 2012. The plan is currently undergoing
intense scrutiny to optimise it for schedule and
budget.

Figure 72. The Pic A field at >45 deg elevation using
the full 32T pipeline, hands free from start to finish
(a first!). The top image is shown with no peeling.
The bottom image is with Pic A peeled from the
image; J0522-3627 is visible at the left as the
brightest source remaining in the field, about 10x
weaker than Pic A. Credit: Dan Mitchell (CfA).
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