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Dear Friends and Colleagues,
You may not feel it, but this edition of Contact
– its 7th edition – is published under a different
era for the SKA. The long-awaited evolution
of SKA Organisation to the SKA Observatory
(or SKAO as we will call it) is now underway.
On 15 January, SKAO finally ‘entered-intoforce’, that is, the legal entity existed, albeit
as an empty vessel. On 3-4 February, the first
Council meeting of SKAO was held, which was
another dramatic step. The transition from
SKA Organisation to SKAO will be complete
in early May, when the staff and the assets
formally transfer from one organisation to
the other. The process of closing down SKA
Organisation will then follow.
As described elsewhere in this issue, the first
Council meeting was held virtually. At this
time, Council has six Members: Australia,
Italy, the Netherlands, Portugal, South Africa
and the United Kingdom. However, the open
session of the Council meeting was attended
by representatives from ten other countries,
which are all in various stages of preparing to
join SKAO, some imminently, others on slightly
longer timescales driven by their national
processes.
The Council had an immensely productive first
meeting, with decisions and approvals flying
thick and fast. Of course, these had all been
well prepared in advance, this first meeting
being designed to approve the various policies
and regulations required to turn SKAO from
that empty vessel I mentioned above to a fully

functioning organisation in May. Subsequent
Council meetings will focus much more on
preparing SKAO to enter the construction
phase and subsequently approving the start of
construction; you can read more about some
of the work underway in an article below.
As I write, preparations for the meeting
‘A Precursor View of the SKA Sky’ are well
advanced; the meeting will take place from
15-19 March and is, naturally at this time, fully
virtual. We have been pleasantly surprised at
the level of interest in the meeting with, as of
this morning, over 900 registrations, which far
surpasses the number we would have seen for
a physical meeting. Being virtual brings with it
a number of challenges, not least coping with
the rotation of the Earth. All talks are being
recorded and will be transmitted twice, 12
hours apart, to enable participants across the
world to attend at a time convenient for them.
The scientific programme looks excellent and I
hope all enjoy the meeting.
I hope you and your families remain safe and
well.
Prof. Philip Diamond
SKAO Director-General
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IN BRIEF
The rooftop
observatory at
The University of
Western Australia.
Credit: ICRAR/
UWA.

CAMBRIDGE SKALA
ANTENNA BECOMES
PART OF SOUTH
POLE OBSERVATORY
BY HILARY KAY (THE UNIVERSITY OF MANCHESTER – UK SKA)

SKA SYNCHRONISATION
TECHNOLOGY LEADS TO
WORLD’S MOST STABLE
LASER TRANSMISSION
BY ICRAR COMMUNICATIONS TEAM
In a study published in the journal Nature Communications, ICRAR researchers have teamed up with colleagues from the
French National Centre for Space Studies (CNES) and the French metrology lab Systèmes de Référence Temps-Espace (SYRTE)
to set a world record for the most stable transmission of a laser signal through the atmosphere.
“By combining our phase stabilisation technology with
advanced self-guiding optical terminals we were able to send
a laser signal from one point to another without interference
from atmospheric turbulence,” said lead author Benjamin
Dix-Matthews, a PhD student at ICRAR and The University of
Western Australia.
“It’s as if the moving atmosphere has been removed and
doesn’t exist. It allows us to send highly-stable laser signals
through the atmosphere while retaining the quality of the
original signal,” he added.
In 2017, a similar optical fibre-based synchronisation
distribution system designed by the team was selected for
SKA-Mid dishes in South Africa. The long distances between
the SKA antennas mean radio waves from the sky reach
each antenna at different times. To achieve the performance
demanded by the SKA science cases, the signals must be

aligned with extreme precision so they can be successfully
combined by the SKA’s supercomputers.
It has now led to the world’s most precise method for
comparing the flow of time between two
separate locations using a laser system
transmitted through the atmosphere.
ICRAR-UWA senior researcher
Dr Sascha Schediwy said
the technology’s precise
measurements also have
practical uses in earth science
and geophysics.
“This technology could improve
satellite-based studies of how
the water table changes over
time, or to look for ore deposits
underground,” Dr Schediwy said.
There are further potential benefits for
optical communications, an emerging field that
uses light to carry information. Optical communications can
securely transmit data between satellites and Earth with much
higher data rates than current radio communications.
“Our technology could help us increase the data rate from
satellites to ground by orders of magnitude,” Dr Schediwy
said. “The next generation of big data-gathering satellites
would be able to get critical information to the ground faster.”
Above: Members of the project team standing in front of a
telescope dome located at the CNES campus in Toulouse,
containing one of the self-guiding optical terminals. Credit:
ICRAR/UWA.
Far Left: A schematic view of our point-to-point atmosphericstabilised optical link between two buildings at the CNES
campus in Toulouse.
Left: One of the self-guiding optical terminals on its telescope
mount, and the phase-stabilisation Transmitter Module and
Receiver Module. Credit: ICRAR/UWA.
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As SKA construction activities start this year, the site of the SKA1-Low telescope
in Western Australia will be increasingly peppered with the familiar SKALA4.1
antennas (See Contact Magazine Issue 4).
An earlier version of these low-frequency
antennas (SKALA2) has remarkably made its
way to an even more remote, and equally
environmentally challenging, region of the
globe, the South Pole.
A team from the University of Cambridge, who
led the Antenna and LNA working group as
part of the Dutch-led Low Frequency Aperture
Array (LFAA) consortium, have formed a
spinoff company, Cambridge ElectroMagnetic
Technology Ltd (CEMTL), providing consultancy
services building on the team’s experience in
antenna design, low noise electronics, phased
array systems and electromagnetic modelling.
The company also supplies wideband
antennas and low noise amplifiers, and has
provided SKALA2 antennas for the PeV-Radio
project at the South Pole, funded through a
European Research Council grant and led by
Dr. Frank Schröder at the Karlsruhe Institute of
Technology.

Right: Model of a
SKALA4 antenna,
developed as part
of the design work
for the SKA-Low
telescope.

The antennas are deployed at the IceTop
cosmic-ray surface array of the international
IceCube Neutrino Observatory, a revolutionary
detector encompassing one cubic kilometre of
ice, located near the Amundsen-Scott South
Pole Station. The SKALA2 antennas will further
increase the sky coverage of IceTop, to include
the centre of our own galaxy. They will also
enable a higher accuracy for the detection of
atmospheric particle cascades, helping to shed
light on their currently unknown origin.
“We are thrilled to see SKALA antennas used
in applications beyond astronomy”, says Dr
Eloy de Lera Acedo, co-founder and director,
CEMTL. “After leading the antenna design
team in the consortium, we are excited to
embark on this new adventure with Cambridge
Electromagnetic Technology Ltd. and are
now focused on expanding the impact of the
SKALA technology in other markets.”
Right: A SKALA2 antenna has made it all
the way to the South Pole. Credit: Dr Frank
Schröder, KIT, and Delaware University.
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IN BRIEF

EUROPE’S RADIO
AND OPTICAL
ASTRONOMY
COMMUNITIES
TEAM UP
IN NEW
EC-FUNDED
PROJECT

THE SPANISH
SRC PROTOTYPE:
SUPPORTING THE
COMMUNITY BEYOND
RADIO ASTRONOMY
BY THE SPANISH SRC PROTOTYPE TEAM (INSTITUTE OF ASTROPHYSICS OF ANDALUCÍA
IAA-CSIC)
The IAA-CSIC, the institution that coordinates the scientific and technological SKA activities in Spain, organised
SOMACHINE 2020 last November, a school on Machine Learning, Big Data, and Deep Learning in Astronomy
co-organised by the Severo Ochoa Excellence Programme at the IAA-CSIC (SO-IAA) and the Andalucía Research
Institute on Data Science and Computational Intelligence.
IAA-CSIC is also currently developing the Spanish Prototype of
an SKA Regional Centre (SPSRC)*. Being a transversal facility,
the SPSRC has provided resources and support to the training
activities in SOMACHINE 2020.

SOURCE: RADIONET & MPIFR
A new project to enhance cooperation between European
astronomy facilities and promote transnational access
among them in which SKAO is a partner kicked off on
1 March.
The new four-year project, called OPTICON RadioNet Pilot
(ORP), brings together the two flagship communities of
advanced radio and optical/infrared astronomy in Europe
through a funding commitment of 15 million euros by the
European Commission.
Thirty-seven partners are part of the project, among them
SKAO and 13 radio astronomical institutes operating worldclass European radio astronomy facilities, including a number
of SKA pathfinders such as the e-Merlin network in the
UK, the international LOFAR telescope and the Effelsberg
telescope in Germany.

“This project is largely about sharing and opening up access
to existing European radio and optical astronomy facilities,”
says Thijs Geurts, SKAO Senior External Relations Policy
Officer. “As an international observatory, this is also an
opportunity for SKAO to advocate common interests such as
radio frequency interference (RFI) protection and help define
a broad astronomy strategy amongst our European partners.”
The French CNRS coordinates the overall project, while the
Max Planck Institute for Radioastronomy serves as scientific
coordinator for the radio astronomy partners.
The ORP project will build on previous successful programmes
of transnational access to telescopes and arrays in Europe
but will go further towards the harmonisation of national and
European procedures, providing free reciprocal access to
some of the best ground-based telescopes as well as training
and support in operating the complex infrastructures.

The SPSRC is preparing its infrastructure to develop scientific
programmes using innovative computing platforms, advanced
data processing techniques and services to share data and
tools. With this aim, the team deployed a cloud-based system
(OpenStack) to provide a variety of services. In particular,
a JupyterHub server (a web-based interactive computing
platform) was set up where users can run research software
using notebooks, an environment that improves code sharing.
Thanks to its interactive and friendly interface, this is an excellent
training tool and was hence offered to SOMACHINE 2020.
The school combined lectures, including talks on the SKA, and
practical hands-on sessions on advanced processing techniques
like the ones needed to extract SKA science. The participants
had access to the SPSRC platform where they could execute
and experiment with the tutorials in real time. The JupyterHub
deployment at the SPSRC contained all the software and
computational resources required to run the sessions from
any web browser regardless of the participants computer and
requiring no software installation. The SPSRC team collaborated
with the school organisers to publish a repository in GitHub (a
web platform for software hosting) containing the materials and
instructions to prepare the environment to run the tutorials.
Documentation and support were provided so the event could
run smoothly.
Fifty participants from several countries attended the school.
During the school, 181 clones (i.e. downloads) of the repository
were registered and the supporting web pages in GitHub
received 1523 views from 106 people.
Given the impact and oversubscription of the event, the SPSRC
will support the next SOMACHINE edition in April, contributing
to train the next generation of SKA researchers.
*The SPSRC is funded by the SO-IAA programme and additional
competitive calls issued by the Junta de Andalucía and the
Spanish Ministry of Science and Innovation, as well as CSIC, IAA’s
home institution.
Assembly of the hardware used to support the training event
SOMACHINE 2020, with the event’s banner superimposed on
top. Credit: SPSRC team/SOMACHINE 2020.
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FOCUS ON
Astronomy Observatory near Cambridge, making up the
first Aperture Array Verification System, AAVS0. “That very
first array of SKALA antennas was fundamental to verify the
performance and support the development of the hardware
and electronics being designed by the consortium,” explains
Dr Eloy de Lera Acedo, SKA team lead at Cambridge
University.

RED SAND IN OUR
SHOES: THE INSPIRING
INTERNATIONAL STORY
BEHIND SKA-LOW
BY MATHIEU ISIDRO (SKAO)
How do you go from an ambition to explore the formation of the first stars and galaxies after the Big Bang to assembling
hundreds of thousands of metal parts and cables in the middle of the Australian outback? Not in a day, that’s for sure, and not
alone. As the start of construction of the SKA telescopes dawns on the horizon, we look back at what it took to deliver the
design of the SKA-Low telescope, and what makes it so special.
One key date was 4 November 2013. On that day, more than
350 scientists and engineers, representing 18 nations and
some 100 institutions, universities and industry gathered in
10 international consortia to tackle the final phase of preconstruction: the detailed design of the key elements of the
SKA.
One of them was the “Low Frequency Aperture Array” (LFAA)
element, covering the set of antennas, on-board amplifiers
and local processing required for the SKA-Low telescope,
to be located in Australia. Nine institutes in six countries
contributed to LFAA work under the Aperture Array Design
& Construction (AADC) consortium, led by the Netherlands
Institute for Radio Astronomy (ASTRON) in collaboration
with SKAO. This included major design and development
contributions from the Universities of Cambridge and Oxford
in the UK, the Italian National Institute for Astrophysics
(INAF) and the Curtin University node of the International
Centre for Radio Astronomy Research (ICRAR) in Australia, as
well as contributions from the Joint Institute for VLBI ERIC,
the Universities of Manchester, Malta, and the Key Lab of
Aperture Array and Space Application in China.
The consortium’s work comprised not only the design of the
SKA-Low antennas, of which there will be more than 130,000
in the first phase of construction, but also the low-noise
amplifiers (LNAs) which will boost the faint astronomical
signals being received, optical systems to carry radio
frequency signals for long distances without attenuation and
custom high-performance digital signal processing for each
antenna station.
The early years
“One of the most important aspects of designing a complex
system like the SKA, is prototyping,” explains Pieter Benthem,
SKA Programme Manager at ASTRON. “It’s absolutely crucial
to help designers verify their design, as many of the SKA
precursors and pathfinders have shown over the years.”
Prototyping for SKA-Low began long before the consortium
was formally established, around 2006, when the first
station of the LOFAR telescope was installed in a field in the
Netherlands, and the construction of the MWA telescope
started at CSIRO’s Murchison Radio astronomy Observatory
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(MRO), the future SKA-Low site in Australia.
“MWA was proposed as a prototype for SKA,” recalls Mark
Waterson, SKAO Domain Specialist, who worked on the MWA
at the time. “Back then we were just at the very edge of ‘could
we possibly do this?’”
Both the MWA and LOFAR, an SKA precursor and pathfinder
respectively, came out of a desire to force a breakthrough
in sensitivity for astronomical observations at low radio
frequencies. They demonstrated the use of key technologies
for a large, distributed low-frequency telescope that wasn’t
possible until then. To achieve this, they focused on the use
of large numbers of relatively cheap antennas without any
moving parts, concentrated in stations, with the mapping
performed using the “aperture synthesis” technique. Sounds
familiar? Today, this concept is at the heart of the SKA-Low
telescope.
Around the same time, INAF also started work on lowfrequency antennas, and was involved in work that would form
an important test bed for developing technologies which are
now part of SKA-Low.
Meanwhile, Cambridge University started working on the
design of radio antennas, which eventually led to the antenna
prototype first used on the Australian SKA site.
A lot of this early design work was supported by European
Commission funding, either through the long-running
RadioNet programme or as part of the four-year, 28-millioneuro SKA Design Study, to which the Commission contributed
10 million euros. “That design study is where much of the
foundation of the consortium was laid,” explains André Van
Es, SKA-Low Senior Project Manager at SKAO. “It looked at
the R&D readiness, in particular the feasibility of aperture
arrays for radio astronomy within the planning and costing of
the project.”

Then from 2017, drawing from a decade of engineering work
worldwide in low-frequency radio astronomy, the consortium
set out to build a full-sized station of 256 antennas as a
demonstrator and a way to develop improved antenna
designs to meet the SKA’s stringent requirements.
“AAVS was a brassboard, a way to explore these fairly new
technologies which we didn’t have a lot of confidence in and
become familiar with the results,” explains Mark Waterson.

BUILDING A GIANT TELESCOPE
IN THE OUTBACK (VIDEO)

“The principal motivation was to provide a platform to help
the design team investigate, mitigate and retire key risks,”
complements Pieter Benthem.

Two complete stations of prototype antennas for the
future SKA-low telescope were completed & successfully
tested at the SKA site in Western Australia.

As such, AAVS used a risk-based approach. The features it
included were technologies that were necessary to explore
to build up confidence, while the technologies it didn’t
incorporate were those the engineers weren’t worried about.
This process is common in the space and aeronautics industry,
where increasingly ambitious prototypes are developed to
assess technology readiness levels.

AAVS1 – Watch here

One of those new risky technologies at the time, at least in the
world of radio astronomy, was “Radio Frequency Over Fibre”
(RFoF), converting a radio wave into light by modulating
the intensity of the light source, so the light signal can be
transmitted over optical fibre rather than the more traditional
copper coaxial cable. RFoF has become widely used in the
telecommunications industry over the past 20 years as it
provides a more reliable way to transmit more data over
long distances and as a result, the cost of components has
dramatically dropped, making it an attractive solution for the
SKA.
But “using such optical technology hasn’t been so common in
radio astronomy until now,” explains Dr Maria Grazia Labate,
SKAO’s Low Telescope Engineer. “The dry dusty conditions
on site made the design of the components and the balancing
of each parameter quite hard, and the fact we need hundreds
of thousands of those converters meant we needed a very
cheap, but very reliable, solution. Including RFoF technology
as part of AAVS allowed us to demonstrate its feasibility,
enabling us to relocate other key components away from the
field into a single shielded processing facility.”
Built on site at the MRO thanks to extensive logistical
support from CSIRO, ICRAR and Curtin University with their
experience of constructing and deploying radio telescopes in
remote regions, AAVS allowed the consortium to validate key
enabling technologies and performance requirements, gather
production knowledge, test interfaces and assess prototypes
in a realistic operating environment.
“It’s one thing to design, simulate and test inside a computer,
and a totally different thing to deal with the practicalities and
logistical complexities of deploying an array on a remote site,
on the other side of the planet,” continues Pieter Benthem,
who served as Project Manager for the first full station on site.

Prototyping and Integrating

That first full station, AAVS1, was successfully completed in
2018. The lessons learned from it fed into the larger design
process of SKA-Low and eventually led to fourth-generation
“SKALA4” antennas, an evolution of the second-generation
“SKALA2” antennas used for the AAVS1 station.

Nearly 10 years ago, 16 first-generation SKA Log-periodic
Antennas (SKALA) were built in the UK at the Mullard Radio

The following year, another station was completed on site (see
our article in Contact 04) using a parallel implementation of

As a consequence of that previous experience and support,
the consortium was ready to fine-tune designs and build
hardware from the moment it was set up.
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the fourth-generation antennas called SKALA4.1AL. AAVS2.0
helped the teams validate the electromagnetic models used
and mitigate the risks associated with station-level calibration,
a crucial step to ensure observations are accurate.

AAVS2 – Watch here

“By installing and testing these prototypes on site, we gained
a lot of experience in the field and developed new ideas for
maintenance and debugging,” explains Dr Jader Monari,
SKA-Low Programme Manager at INAF.
One such example was the innovative use of a drone in 2019
to conduct measurements on the antennas and validate the
models being used to predict their behaviour in the field,
which built on similar work at the Mullard Radio Astronomy
Observatory and LOFAR. Equipped with a precision GPS, the
drone emitted a signal from various points above the station,
in effect simulating an astronomical source so the behaviour
of the antennas could be tested (see our article in Contact 01).
“It’s important to validate those models with real data from
the field to make sure we’re calibrating the antennas properly,
otherwise astronomical observations would be useless,” said
Dr Pietro Bolli, Antenna & Calibration Engineer at INAF at the
time.
Finally, in January 2020, the consortium passed its critical
design review, completing six years of work to design SKALow.
But the work hasn’t stopped there. In parallel, the Cambridge
team led by Eloy de Lera Acedo has been building a small
array of 64 SKALA4 antennas to support the telescope’s
construction and validate an electromagnetic simulation
software tool they have developed with the Université
Catholique de Louvain, in Belgium. The tool allows users to
quickly – 10,000 times faster than commercial solutions in
fact – simulate the response of antennas to sky signals, an
important element for calibration and the future science data
pipelines for SKA-Low, where accurate and fast predictions of
its performance will be essential.
“With this tool called HARP we can quickly model tens
of stations without losing accuracy, which allows us to
understand the impact of design decisions much quicker and
produce fast evolutions of our designs,” explains Eloy de Lera
Acedo.
Similarly, the SKA-Low Prototype System Integration facility in
Sydney was developed by CSIRO in early 2020 (see our article
in Contact 03) to offer a geographically accessible location
for the SKA-Low telescope’s digital ‘backend’ prototypes
that would mimic the MRO’s “super-computing” control
building. By bringing parts of the telescope together early,
the facility has enabled engineers to conduct continual tests,
resolve issues and iron out bugs ahead of construction, saving
precious time.
9
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“Over the last 20 years we’ve designed this telescope. Over
the last five years we’ve refined that design, and over the last
year, we’ve brought that design to finality,” concludes Prof.
Steven Tingay, Deputy Director of ICRAR. “The next step is
to take this final design, put it into a pre-production design
process and then take that into full construction.”

LEARN MORE ABOUT
THE CONSORTIUM

Documentation is key
The years of work and effort by hundreds of experts from
around the world culminated in the recently published 278page Construction Proposal and 220-page Observatory
Establishment and Delivery plan, which set out exactly what
SKAO is proposing to build and how. But these documents
are just the tip of the iceberg; behind them are hundreds of
engineering documents and tens of thousands of pages of
technical documentation describing every system, every nut
and every bolt. SKA-Low alone accounts for more than 1,300
of these documents!
This may seem over the top, but a strong systems engineering
approach and documentation has been essential to the
project’s success in particular due to its internationally
distributed nature.
“For a smaller telescope delivered by a single institute where
everyone you need to speak to is just down the corridor, you
probably wouldn’t need it,” says Daniel Hayden, SKAO’s Low
System Engineer. “But the SKA is a huge, global, distributed
project involving hundreds and thousands of people. No
one has a complete understanding of it, hence the need to
document everything to make sure everyone understands
what to do.”
“Coordinating remote teams is challenging,” adds André
Van Es. “When you’re meeting over different time-zones,
working with hundreds of people from different backgrounds,
information management becomes crucial.”
Challenge after challenge
Even with all the documentation, the SKA-Low telescope
remains an exceptionally challenging project to deliver. Ask 10
engineers what’s most challenging about it and you’ll get 10,
or possibly more, answers and a twinkle in their eye.
It is certainly true that the SKA-Low telescope is unique in
many ways. Not only will it be the most sensitive telescope
in the world at these frequencies, it will also be the largest in
terms of the number of antennas and as a consequence will
need to have the most powerful processing capability for such
a telescope. But the cherry on top? It will also be the one of
the most remote such telescopes ever built, adding another
layer of complexity to its delivery.
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That remoteness means that each component needs to be
qualified to withstand the tough environmental conditions it
will be placed in, making reliability a challenge.

poles and mesh. The precision, quantity and reliability
required for today’s telescopes means a close relationship
with industry.

past few years, it’s the first observation that will make use of
all 512 stations, or the first integration of one thousand hours
of observations.

“Keeping the entire system ticking while ensuring low
power consumption and high reliability in such a remote and
inaccessible location is definitely an interesting challenge,”
says Jader Monari.

“The antenna design is crucial, because we need something
that is cost-effective, can be reliably replicated tens of
thousands of times, is quick to install, and yet still meets our
extremely demanding system requirements – this is a tricky
balancing act,” explains André Van Es.

“To be able to help get data to astronomers who are then
going to go and make amazing discoveries, that’s really
exciting to be involved in that process,” says Mia Walker,
Instrument Support Engineer at ICRAR.

“In some ways, designing SKA-Low is quite similar to
designing a space probe or a rover to go on the surface
of Mars,” adds Dr Federico Perini, RF engineer at INAF
responsible for the receiver development within the LFAA
Italian Technical Group. “Everything has to work seamlessly,
meeting tight specifications for decades in an extreme
environment where maintenance won’t be easy.”
Then comes the end-to-end logistics challenge. Delivering
significant volumes of component parts from various parts
of the world on a compressed timeline and on schedule to a
remote site in the Australian outback three hours’ drive from
the nearest town is no small feat. There’s the international
shipping, clearing through customs, handling, warehousing
on site, as well as loss prevention and insurance to consider.
If problems occur in any of these steps and components are
not available when they are needed, assembly teams will be
stuck…
“This is why good relationships with vendors is a key
ingredient for success,” explains Ian Hastings, SKAO’s Head
of Procurement. “How do you build and maintain effective
and efficient supply-chain relationships that enable us to
achieve our goals? Having win-win contractual agreements
that encourage dynamic problem solving will be a major part
of successful delivery.”
Rolling out 512 stations, consisting of 131,072 antennas and
thousands of kilometres of optical fibre over 65km in just a
few years will also require strong project management skills.
“Building this telescope has more in common with building a
5G network than with building a traditional telescope,” jokes
André Van Es.
Finally, there’s the challenge of working with such an
international collaboration, with partners spread across the
world, a very narrow window of common hours, different
cultures and ways of working.
The importance of diversity
Overall though, the teams are adamant that this diversity is a
net benefit, allowing them to look at the same problem from
different angles and different perspectives and understand
it much better. “This cultural diversity is invaluable when it
comes to studying complex systems. Sometimes the best
solution can be really far from one’s comfort zone,” explains
Jader Monari. “We’ve assembled a very close-knit team with
our Australian partners that tackles problems in a compact
and determined way.”
“Working with people with so many different areas of
expertise and experience is like going through a living
library,” adds Maria Grazia Labate. “You have access to so
many lessons learned from other projects and so many ways
of working, it’s enriching.”
“It also maintains the attraction and the newness to see new
people come in,” adds Mark Waterson. “Continuing to bring
new people into the project and understanding what they
need to know keeps me engaged and alive.”
Working with industry

To get there, there’s been nearly 10 years of industryacademic development to evolve the mechanics of the
antenna.
“One of the earliest industrial features we introduced in the
antenna design through our partnership with Cambridge
Consultants Ltd was the use of cost-efficient bent wire for the
dipoles, leveraging from industry involved in the fabrication of
cloth hangers and supermarket trolleys” explains Eloy de Lera
Acedo.
While the research institute teams have had the experience
to design and optimise the SKA-Low antenna from an
electromagnetic point of view, there are aspects such as
mechanical design, material selection and mass production
skills that require industrial partners.
“Public research institutes and Universities usually work in
frontier research to develop innovative technologies that
meet state-of-the-art requirements,” explains Jader Monari.
“This process is followed by building a few prototypes
to experimentally validate these technologies, but these
institutions don’t have the skills nor the resources to engage
in large volume production and ensure long-term reliability of
the components, two things that are essential for a telescope
the size of the SKA due to operate for 50 years in harsh
environments.”
On the other hand, industry excels at design optimisation to
reduce production cost. Cost analysis, procurement plans,
maintenance and quality procedures are all part of what
industry does really well and are essential for a project of the
size of the SKA.
The potential for spinoffs
With prestigious research institutes working hand-in-hand
with cutting-edge industry on innovative antenna technology
and data transfer, it perhaps won’t surprise anyone to hear
that the work to design and deliver SKA-Low is already
leading to spin-offs.
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“SKA-Low will be a game-changer,” adds Associate Prof.
Cathryn Trott from ICRAR. “For the first time, the SKA will
allow us to produce images around the first stars.”
The central region of SKA-Low, and in particular the dense
1km core of stations, will provide the photon-collecting area
required to detect and explore the first billion years of the
Universe and in particular the births and deaths of the first
stars, allowing us to see the stars’ effect on the surrounding
gas. The size of the stations of SKA-Low are tuned to be able
to map this structure from the earliest stars in the Universe.
Little is known from that time when the Universe transitioned
from being a vast volume filled with basic elements to
the realm of cosmic complexity we see today. “With the
extraordinary capabilities of these antennas, I very much hope
to continue learning and eventually be able to unveil in a big
way the mysteries of the early Universe,” says Eloy de Lera
Acedo.
Meanwhile, the large scale of SKA-Low, including stations that
are separated by 65km, will allow unprecedented resolution
to study the structure of nearby and distant galaxies, and
provide a map of the locations and properties of millions of
active galaxies in the Universe that are currently hidden to us.
For those who’ve been lucky enough to experience the
Australian SKA site, there is something deeply special about
it, its colour, its remoteness, and these simple antennas,
quietly mapping and exploring the dark skies above.
“The view of the sky, especially at night, is just breathtaking”
says Jader Monari.
“That red, dusty and ancient landscape may look empty at
first, but it’s full of hidden richness,” adds Federico Perini. “To
me it’s the perfect metaphor for the Universe we’re going to
look deeper into thanks to these antennas.”

“Technologies that we develop for the SKA might spin off
into things that might help everyday people in their everyday
lives,” hopes Kim Steele, MWA Site Hand at ICRAR.
As reported in Contact 04, the Italian industrial partner SIRIO
Antenne have developed a new commercial antenna working
at 4G-LTE frequencies, based on the SKALA4.1 antenna
developed by INAF in collaboration with CNR-IEIIT (which
itself built on previous designs from UK and Dutch partners
as part of the AADC consortium). That 4G-LTE won a tender
in France for the electrical network supplier, and SIRIO have
been working on a similar antenna for 5G.
And as mentioned in this issue on page 5, the team from the
University of Cambridge who led the Antenna design and
LNA working group as part of the AADC consortium, has
formed a spin-off company providing consultancy services
and has supplied SKALA2 antennas to the IceCube Neutrino
Observatory at the South Pole.
Time for science

Long gone are the days of the backyard radio astronomer,
tinkering in their shed to build a radio telescope with metal

For the scientists, it’s unlocking one of the few remaining
mysterious ages of the Universe and answering the question:
how did the first stars and galaxies form?

MEET SOME OF THE
INTERNATIONAL TEAM

BEHIND SKA-LOW

What does success look like? For the Observatory’s engineers
who have worked to deliver the SKA-Low telescope over the
11

INFOGRAPHIC: HOW DOES SKA-LOW WORK?
The SKA-Low telescope makes the most of building a
very large array of very simple elements, generating the
telescope’s performance by combining all those simple
elements to reduce individual flaws. As a result of such
a design, there are fewer single points of failure, and
any failure (an antenna or a station being offline) has less
of an impact on the overall performance. The 2-m high
antennas of SKA-Low may look simple, but combined
with state-of-the-art back-end technologies they become

SKA-Low antennas are made
of a number of horizontal
branches of different
lengths. These branches are
called dipoles, the simplest
and most widely used type
of antenna.

incredibly powerful. An SKA-Low antenna sees the
whole sky and the processing can flexibly select many
simultaneous directions towards different parts of the
sky even though the antenna has no moving part. It is a
‘mathematical’ telescope that works by filtering out what
is not desired from the observable sky.

12

13 CORRELATOR AND ARRAY-LEVEL
BEAMFORMER: Combines the signals
coming from different stations to prepare
them for imaging, and to point with more
accuracy to multiple directions on the sky.

13
14

14 PULSAR SEARCH AND TIMING
ENGINES: Search these multiple directions for
pulsars and other transient phenomena and
also time them accurately.

14

15 SKA-LOW OBSERVATORY CLOCK
SYSTEM: To time signals accurately, SKA-Low
uses three ultra-stable clocks called hydrogen
masers. The times they produce are
continuously compared with one another to
identify failures and are also compared via
satellite with UTC time kept by the
International Bureau of Weights and Measures.

5 SMARTBOX: Houses
Radio Frequency over
Fiber (RFoF) modules,
which contain laser
diodes to convert
electrical signals to
optical signals.

2

x24
4
5

8

6 FIELD NODE
DISTRIBUTION HUB:
Contains a power
module that receives
incoming power and
distributes it to the
smartboxes, and a
fibre module that
allows ‘patching’ of
individual antenna
optical signals onto the
main fibre cable to the
processing facility.

12a

x8,192

17 DEDICATED HIGH-SPEED OPTICAL FIBRE LINK:
17
Delivers data from the Australian SKA site in the Murchison to Perth.

800km

TELESCOPE MANAGER (TM): The system
control and monitoring sub-system.
It orchestrates the hardware and software
systems to control observations and facilitates
maintenance by logging ‘health’ parameters.
It provides support to perform diagnostics
and delivers relevant data to operators,
maintainers, engineers and science users.

PERTH
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LOCATION:

PERTH,
WESTERN
AUSTRALIA

SCIENCE PROCESSING
CENTRE (SPC)

REMOTE
PROCESSING
FACILITIES (RPFs)

16

MURCHISON

ONE STATION

8

x3

12 TILE PROCESSING MODULES (TPMs)

6
7

16 Power for the CPF and central stations is
provided by a photovoltaic plant and energy
storage system backed up by diesel
generators, generating renewable energy a
majority of the time to power the antennas
and all site infrastructure.

15
12b

18

8 RF OVER FIBRE: Transmits
the signal to a processing
facility via optical fibre.

10 The most remote stations
and processing facilities are
powered by small stand-alone
photovoltaic plants.

12b DIGITAL BOARD: Digitises the signal
from the antennas in a station then combines
them to point to one or multiple directions of
the sky.

4 Short coaxial cables
transmit the signal
from each antenna
to a smartbox.

1

5

9 Located along the telescope's
3 spiral arms, each RPF
processes the signals from
six remote stations in a
shielded container before
sending them on to the
Central Processing Facility.

12a ANALOG BOARD: Converts the signal
back to electrical and cleans it.

3 A pair of Low Noise
Amplifiers (LNAs) at the
top of the antenna
amplify the weak signal.

x256

7 Central area stations send
the signal directly to the
Central Processing Facility.

12 TILE PROCESSING MODULE (TPM): Each
TPM converts and digitises the signals from 16
antennas. There are more than 8,000 TPMs in
total, located either in the CPF or the RPFs.

13

2 A transmission line
collects the electrical
current generated
at the dipoles and
brings it to the top
of the antenna.

3

Because the Universe is
expanding, radio waves
emitted by objects and
phenomena get elongated
to longer wavelengths and
lower frequencies the
further away they are, a
process called redshift. This
means the bottom part of
the antenna detects “older”,
further away signals and the
top part detects “younger”,
closer ones. So with their
large collection of dipoles of
different sizes, these
simple-looking antennas will
actually let us explore a big
chapter in the history of the
early Universe.

11 The SKA-Low CPF is a shielded building
located on site containing a range of
processing and support equipment.

11

1 Incoming radio
waves of different
wavelengths excite
dipoles of different
sizes and generate an
electrical current.

3

MURCHISON,
WESTERN
AUSTRALIA

From top to bottom, pairs of
dipoles get increasingly
bigger. Each of them
absorbs radio waves coming
from the sky, and the bigger
the dipole, the lower the
frequency it absorbs.

MURCHISON, WESTERN AUSTRALIA

In total, 131,072 antennas will be distributed over
512 stations spread over 65km at the Murchison
Radio-astronomy Observatory in Western Australia.

LOCATION:

CENTRAL PROCESSING
FACILITY (CPF)

LOCATION:

19a

18 The SKA-Low SPC will be located in the
Pawsey Supercomputing Centre in Perth.
19a THE SCIENCE DATA PROCESSOR
(SDP): A 130PFLOPS supercomputer flags and
calibrates the data in preparation for imaging
using state-of-the-art computer code.

9

10

19b The SDP also creates 3D images called
data ‘cubes’ (2 spatial dimensions plus velocity
or ‘depth’). At 50,000 pixels across, each cube
will contain 1 petabyte of data.

14

20 SUBMARINE COMMUNICATIONS
CABLE: SKAO will ‘rent’ fibre capacity on the
main submarine cable off the west coast of
Australia to export data products.

20

19b

21 Each year, some 350 PETABYTES worth of
SKA-Low data products will be delivered to the
SKA Regional Centres around the globe.
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LET’S TALK ABOUT...

SETI

The famous Drake equation, which is still informing SETI debates to this day. Credit: University of Rochester

BY CASSANDRA CAVALLARO (SKAO)
In December, an intriguing radio signal was detected by the Parkes radio telescope in Australia, originating from around
Alpha Centauri, the nearest star to our Solar System. ‘Intriguing’ because it fits the profile of signals sought by one
particular community among astronomers: those engaged in the search for extra-terrestrial intelligence (SETI).
“SETI attempts to answer the most profound question in
science: Are we alone in the Universe? It’s also a question
that humans have asked themselves since they first looked
up at the night sky,” says Dr Steve Croft, a researcher at
the Berkeley SETI Research Center and member of the
SKA’s Cradle of Life Science Working Group. This topic is a
favourite for sci-fi fans, and Hollywood has spent decades
imagining just how we might one day interact with alien
lifeforms, whether it was harmless little ET being accidentally
stranded on Earth, Jodie Foster making contact through
radio astronomy (and inspiring the name of this very
magazine), or the USS Enterprise using warp speed to seek
out new life and new civilisations. Sci-fi aside, there have
been a couple of tantalising “maybes” in the real-life quest
over the past 50 years.
Let’s start with some background: SETI is concerned
with intelligent life (rather than the building blocks of life
discussed in the last issue of Contact) so the focus is on
detecting signals from any alien technology. These signals
are known as technosignatures. These could be messages
being broadcast deliberately, or just the electromagnetic
noise that technology creates which can leak out into space.
This happens with our own technology too, so signals from
our early radios, then TVs, radar, etc. here on Earth have
been travelling further into space since they were first
emitted.

It was in 1960 that modern SETI began in earnest with
Dr Frank Drake’s Project Ozma, which used a 26m radio
telescope at Green Bank Observatory in the United States
to observe two stars, Tau Ceti and Epsilon Eridani. It was
looking for unusual “blips” in signals around 1420 MHz,
the frequency emitted by neutral hydrogen, the most
abundant element in the Universe. The idea was that any
smart civilisation would choose a frequency that others were
likely to be scanning, and as 1420 MHz is so fundamental
to studies of the Universe, this would be a good place to
start looking. Nothing out of the ordinary was discovered by
Project Ozma, but the search was on.
A year later Dr Drake wrote what came to be known as
the Drake Equation, outlining all the factors which would
contribute to the probability of finding intelligent life
elsewhere in our galaxy (see image). As science writer Dr
Nadia Drake has pointed out, many of the variables were
unknown at the time her father wrote the equation, but it
continues to guide modern SETI as astronomers learn more
and can fill in the blanks.
That period also saw the first transmission sent from Earth
into outer space with the sole purpose of reaching other
civilisations – a controversial topic to this day – using the
Arecibo radio telescope in Puerto Rico in 1974. Dr Drake
designed a message which included depictions of our
number system, the human form and Arecibo itself. Read
more about it here.

In 1977 came the “Wow!” signal, so named because when
analysing the data, astronomer Dr Jerry R. Ehman circled it
in red pen and wrote an accompanying ‘Wow!’. Detected by
Ohio State University’s “Big Ear” radio telescope, it lasted
72 seconds and then was never heard from again. It is still
unexplained, but pops into the news now and then when
a new theory emerges: was it a comet as was suggested
in 2016? Or could it have originated from an exoplanet in
that neighbourhood of the Universe, as was theorised last
year? Regardless, the Wow! signal stood out because it was
a narrow-band signal, exactly what SETI researchers are
looking for, in contrast to natural phenomena.
“Nature, as far as we know, can’t generate narrow-band
radio signals – transmissions occupying a very small chunk
of frequencies on the radio dial,” Steve explains. “So if you
see something like that, you know it’s from technology, and
that’s what we saw in the example of the signal Breakthrough
Listen detected recently at Parkes.”
Breakthrough Listen is
the biggest search
for intelligent life
ever undertaken
by humankind.
Launched in 2015
by two very big
names, the late
Prof. Stephen
Hawking and
entrepreneur Yuri
Milner – who is
also a physicist
by training –, it
aims to survey
one million of
the nearest stars
to Earth, and 100
nearby galaxies using
radio telescopes including
MeerKAT in South Africa
and a pilot programme on MWA
in Australia, both SKA precursors. So far it has completed
detailed technosignature searches of more than 1,000 stars.

“Breakthrough Listen is already capable of surveying stars
out to distances of hundreds of light years or more, for
technology no more advanced than what we already have on
Earth,” says Steve, who is also Breakthrough Listen’s Project
Scientist for the Green Bank Telescope. “Frank Drake’s
instrument was limited to a tiny region of the spectrum,
but now the increase in computing power over the last few
decades means that Breakthrough Listen can scan billions
of channels at once, across regions of the spectrum that are
many GHz wide, giving us a better chance of detecting any
transmissions that might be out there.”
The problem, of course, is that the Universe is very big,
so even a search of this scale, using the most advanced
technology available, has its limits. Nobody knows the
challenges of SETI better than Dr Jill Tarter, who is a pioneer
in the field and Chair Emeritus for SETI Research at the SETI
Institute. She points out that SETI searches involve a massive
“discovery space”, that’s all the different boxes you have to
tick in order to have a chance of being successful: looking in
the right place, at the right time, with sufficient sensitivity, at
the right frequency and so on.
“You have this huge volume you’d like to search through,”
Jill says. “We made an estimate after the first five decades of
the kind of SETI work we’ve been doing, and set that volume
equal to the volume of all the world’s oceans – how much
have we searched? The disappointing answer is about one
glass out of all those oceans.”

DID YOU KNOW?
Dr Jill Tarter was the inspiration for Jodie Foster’s
character in the 1997 sci-fi movie Contact,
and was closely involved in preparations for
the film. The movie features the Very Large
Array, another SKA pathfinder facility.

Left: The 72-second long Wow! signal, detected in 1977, is
still unexplained. Credit: Big Ear Radio Observatory and
North American AstroPhysical Observatory (NAAPO).

Above: SETI is the search for intelligent life elsewhere in the Universe.
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To add to the difficulty, our own technology is also very
noisy. This creates a digital cacophony which telescopes
detect, causing a headache for astronomers, particularly
those focused on finding signs of technology elsewhere in
the Universe. So how do they do it?
“We’re faced with a vast haystack of signals from mobile
phones, GPS satellites, planes, and so on, that we have
to search through for the faint needle that might be a
transmission from ET,” Steve says. “We have a number of
smart techniques to help us do that, including looking for
signals that only appear when the telescope is pointed at the
target star. This tends to filter out things like satellites - which
don’t tend to follow the motions of stars as they move across
the sky - mobile phones, and other human transmissions,
that we call radio frequency interference, or RFI.”
Occasionally this isn’t enough to work out what’s going on
and further examination is required, as happened for the
signal detected by Parkes, dubbed Breakthrough Listen
Candidate 1 (BLC1). The results of that study are due to be
published soon.
What helps when doing this kind of examination – pointing
away from the signal and back to it – is having a telescope
that can look at several different parts of the sky at once, as
MeerKAT and MWA can do.
“This not only helps with observing efficiency since you
can look at several stars at once, but it also helps you
to distinguish between a candidate technosignature (or
indeed some other natural astrophysical phenomenon) and
someone microwaving their lunch.”
Ah yes. Parkes fans will be nodding knowingly at this point,
as in 2015 it was announced that strange radio signals
detected by the telescope, which for years had confused
its astronomers, were indeed caused by a microwave oven
in the observatory’s kitchen (it was shielded to protect the
telescope, but hungry astronomers were opening the door
before the ping had sounded, thereby releasing microwaves
from the appliance). Astronomy is not easy.

Nor is the data processing behind SETI. Searching
for artificial narrow band signals means dividing radio
frequencies up into billions of channels so that each one can
be scoured, and it’s unfeasible to store that much data.
“We need to triage for interesting signals in real time, and
then save little snippets of data for deeper analysis later,”
Steve says. “This still requires many petabytes of storage
(remember, a single petabyte is a million gigabytes!),
in addition to fast processing powered by GPUs (the
cards video gamers use to hunt for aliens, but used by
SETI scientists to do massive number-crunching), and
powerful algorithms. Fortunately, we benefit from the huge
investment that’s gone into all of these areas by the tech
giants.”
For 20 years, there was also the citizen science project
SETI@home which used the computing power of millions of
people’s personal computers all over the world to process
SETI data. Volunteers downloaded software which kicked in
when their computer was idle, creating a kind of distributed
supercomputer. That project was wrapped up in March 2020
to give professional researchers a chance to catch up with
analysing the results.

DID YOU KNOW?
‘Oumuamua is a name of Hawaiian origin. In
designating it as the first interstellar object,
the IAU noted “The name, which was chosen
by the Pan-STARRS team, reflects the way this
object is like a scout or messenger sent from
the distant past to reach out to us (‘ou means
reach out for, and mua, with the second mua
placing emphasis, means first, in advance of).
Below: Breakthrough Listen is using South Africa’s MeerKAT
radio telescope, an SKA precursor, to scan the Universe for
technosignatures. Credit: SARAO; NRAO/AUI/NSF

THE SKA HAS THE POTENTIAL TO BECOME
A REALLY SPECIAL PLACE; A PLACE ON
THE EARTH WHERE WE FIRST DISCOVERED
SOMETHING UNBELIEVABLE, MAYBE A PLACE
WHERE WE FINALLY UNDERSTAND WHETHER
OR NOT WE’RE ALONE IN THE COSMOS.
Dr Jill Tarter, SETI Institute
Credit: Seth Shostak/SETI Institute
While much focus has been on stars and the exoplanets
orbiting them which could host life, in recent years
interstellar objects have also piqued the interest of some
in SETI. One in particular, called ‘Oumuamua, spotted
passing through our solar system in 2017 by the Pan-STARRS
telescope in Hawaii, is currently at the centre of a somewhat
heated debate.
Harvard Professor Avi Loeb has made headlines with
his assertion that it could have been an alien spacecraft
because it followed a trajectory that defied immediate
explanation, accelerating with no apparent cause. Many
other astronomers are equally certain that it has a natural
origin – even if it’s not fully understood yet - and have been
publishing papers to that effect. Breakthrough Listen also
observed ‘Oumuamua using the Green Bank Telescope and
detected no narrow band radio emission coming from its
direction.
“There is a high burden of proof to claiming alien origins for
anything, given the incredible range of weird phenomena
that occur in astrophysics,” Steve notes. “Fortunately, the
next generation of optical telescopes should find many more
interstellar objects, helping to refine their characteristics,
and SKA and its precursors will be there to make radio
observations of any that look particularly interesting.”

implications for SETI, by allowing us to see more of the sky in
greater detail than ever before, and to detect even very faint
signals. Remember earlier when Dr Jill Tarter mentioned
we’ve only searched about a glass-worth of the Universe?
That’s not the end of the story.
“The thing about the SKA is it’s exponential in its capability
to allow us to explore further and faster and in so many
different ways,” Jill adds. “For me personally it’s exciting to
think about getting beyond the glass, beyond the swimming
pool and beyond the lake, and actually begin to have access
to exploration for a significant portion of that cosmic ocean.
“The SKA has the potential to become a really special place;
a place on the Earth where we first discovered something
unbelievable, maybe a place where we finally understand
whether or not we’re alone in the cosmos.”

SETI AND THE SKA

SETI also benefits from a technique known as “piggybacking”, which analyses the data captured during other
unrelated observations, meaning it doesn’t necessarily need
dedicated telescope time and researchers can cover more
ground (or sky, in this case).
Sci-fi fans may wonder, given the possibly superior
intelligence of other civilisations, why good old radio waves
are the focus of SETI. Well, it turns out that when you’re
sending a signal across billions of miles, simple is actually
best.
“Radio waves are a great way to communicate over long
distances. They don’t get absorbed much as they pass
through other stuff out in space, the power requirements
for transmitters are fairly modest, and it’s easy to use
radio waves to encode information,” Steve says. “Some
communications technologies become obsolete (smoke
signals, pigeon post, and the like). But it’s not like the
development of WiFi meant that we no longer use sound
waves to communicate, or light waves for that matter.
So, assuming that any intelligent beings on other worlds
are as excited about radio astronomy as the readers of
Contact, radio frequencies are a good place to look for
technosignatures.”

In 2018, SKA Global Headquarters hosted a
workshop on widefield SETI searches, bringing
together radio astronomy experts from around
the world who work in this field. Also present was
Prof. Dame Jocelyn Bell Burnell, who spoke about
making unexpected discoveries based on her
experience of discovering pulsars. In this video,
some of those experts discuss the challenges
and potential rewards of SETI research, and
how the SKA can play a role. As former SKAO
Project Scientist Dr Evan Keane said at the time:
“We would be mad not to do it – even if the
chances of success are very small, if we were to
succeed it would be the biggest discovery ever.”

It stands to reason then that building the biggest radio
telescope on Earth, the SKA, could have some very big
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FEATURED IMAGE

THE EAGLE HAS
LANDED: RADIO
TELESCOPES FRONT
AND CENTRE FOR
THE SHOW
NASA have done it again. They’ve landed another SUV-sized rover onto the
surface of Mars.
The new robot - harder, better, faster, stronger than its predecessor Curiosity - will
look for signs of past life on Mars thanks to a drill that will collect soil samples from
its environment. Perseverance, aptly named because of the Covid-19 pandemic,
will study sediments from Jezero crater, which was once thought to be a lake. It is
planned, one day, that those soil samples will be returned to Earth.
But what has that got to do with radio telescopes? Well, Perseverance’s fiery
autonomous descent through the thin Martian atmosphere dubbed the “seven
minutes of terror” was followed by anxious teams 220 million kilometres away and
the first grainy images from the ground were obtained thanks to radio telescopes,
and among them, SKA pathfinder facilities.
NASA has its own network of radio dishes, called the Deep Space Network or
DSN, with stations in Australia (operated by our partners CSIRO), Spain and
California to track its missions 24/7. In the case of Mars missions, the DSN dishes
usually receive signals from orbiting satellites above Mars, which amplify and
transmit signals from rovers on the surface at a certain frequency. But during
the descent, the rover loses the link with those orbiting satellites, and instead
transmits simple data packets directly towards Earth via a weak signal at a much
lower frequency, not covered by the DSN.
So NASA turned to various radio astronomy facilities, such as NRAO’s 100m Green
Bank telescope in Virginia, the Sardinia Deep Space Antenna of the Italian Space
Agency, which uses our Italian partners INAF’s 64m Sardinia Radio Telescope,
and the 100m Effelsberg telescope (an SKA pathfinder), operated by our German
partners the Max Planck Institute for Radioastronomy (MPIfR).
The telescopes were used to record telemetry signals emitted by the probe in the
UHF frequency band (at 401.6 MHz) during the descent. From the data received,
NASA was not only able to see that the probe was still “alive”, but also received
information about the behaviour during the descent - for example whether the
deceleration in the atmosphere or the opening of the parachutes happened as
expected. Of course, it was not real-time data, but delayed by ~11 minutes due to
the light travel time from Mars to Earth.
So, could we use the SKA dishes to provide this kind of support for future space
exploration missions? The answer is yes, as long as the relevant celestial body
is above the South African SKA site at the time. And here’s the real kicker:
Depending on the frequency used, the SKA’s huge collecting area from its
combined 197 dishes would enable a much higher ‘download speed’ for the data,
up to 14 times higher than with NASA’s largest DSN dish and 25 times higher than
ESA’s largest Estrack dish. In concrete terms, that could potentially mean “live”
high-definition video streams as the mission unfolds rather than the trickle of
telemetry and low-res images we’re used to. Now that’s something to look forward
to!
Image: Seconds before touchdown, a camera on the descent stage took this
picture of Perseverance being lowered down to the surface via its sky crane . You
can see the wind from the descent stage’s retro-thrusters blowing dust away. The
telemetry of Perseverance’s descent to the surface was relayed thanks to radio
telescopes. Credit: NASA/JPL-Caltech
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HQ CORNER
2 MINUTES WITH...

HAO QIU
POST-DOCTORAL FELLOW,
SKAO SCIENCE TEAM
The team based at SKAO Global HQ has continued to grow
despite the challenges of the COVID-19 pandemic, and
among the new starters is Postdoctoral Fellow Hao (Harry)
Qiu from China. As Contact goes to print, Harry will be
making his way from his current home in Australia to the
UK, for a three-year role with the SKAO Science team. We
managed to catch him just before he got on the plane.

REVIEW SEASON
BEGINS AS
PREPARATIONS
RAMP UP FOR
PROCUREMENT
BY ANDREA CASSON
A few weeks before SKAO’s first Council meeting,
2021 kicked off with a Progress Review aimed at
checking our preparations for procurement as well
as sharing knowledge and understanding across the
teams. The latter took on even greater importance
due to the remote working situation, as we’re not able
to have those “corridor conversations” or catch-up at
the coffee machine.

Welcome to SKAO, Harry! What will you be doing as a
postdoctoral fellow at SKAO?
Thanks, I’m excited to be part of the team! My project will
focus on fast radio burst (FRB) science with the SKA precursor
and pathfinder telescopes. I will mainly be working on the
foundation studies needed to pave the way for cosmology
with FRBs and radio transients in the SKA era, co-supervised
by SKAO Project Scientist Dr Jeff Wagg and Dr Evan Keane,
who was previously a Project Scientist at SKAO. My PhD was on
searching for FRBs with the Australian SKA Pathfinder (ASKAP).
You were a co-author on a recent paper that won the AAAS
Newcomb Cleveland Prize, congratulations! Tell us about
that work.
I was part of the Commensal Real-time ASKAP Fast Transients
(CRAFT) project aimed at localising FRBs to their host galaxy
with observation data from the initial detection. Our work
“A single fast radio burst localized to a massive galaxy at
cosmological distance” was published in Science in 2019.
This is the world’s first localisation of a non-repeating FRB,
and it’s a major technical achievement by astronomers and
engineers based all over the world, led by Australian research
institutes. This observation technique has brought a further
10 localisations on single-appearance FRBs, and these new
detections have greatly improved our understanding of the
host environment of FRBs.
So far you’ve been working remotely from Australia − what
has that been like as a new starter?
The time difference is certainly a challenge. Most meetings
are luckily in the morning UK-time so I can still catch up, but
it’s still quite late! So I look forward to being more involved
after I arrive in Manchester. On the research side it is slightly
easier, as I’ve been working with our collaborators at CSIRO
Astronomy and Space Sciences (CASS) in Australia. The SKA
is so international that I am getting used to working across
different time zones!
What do you hope to take from your experience with
SKAO?
The SKA is the next generation radio telescope that will expand
our view of the Universe with unprecedented sensitivity. I feel
it’s a great honour and opportunity for me to join the Science
team and witness the development of the SKA, and I hope that
I can contribute too.
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We began by reviewing the status of the key project
and system level documents then moved on to the
preparations for the contracts themselves, assessing
what was ready, what still had to be done and what
issues were foreseen, if any. Adjusting the procurement
schedule as we went, we then examined organisational
readiness for construction, stepping through all
the business units one by one. This was essential
in enabling us to see the good progress already
made, check our assumptions and identify additional
interdependencies. We exited the week with a muchimproved collective understanding of where we were,
the action plan going forward and individuals’ roles
within that.
“The Progress Review has proved itself to be a
useful tactic in highlighting where more attention
needs to be paid and where uncertainties in external
conditions, such as Observatory Membership, funding
commitments and the nature of In-Kind Contribution
Agreements need to be catered for in the ongoing
procurement process,” said SKAO Head of Assurance
Tim Stevenson, who chaired the review. The outcomes
of the review led to key decisions being sought, and
obtained at the first SKAO Council, allowing us to move
forward with greater certainty.
Since then, we’ve held the first four of our Contract
Readiness Reviews (CRRs), for Mid Correlator
Beamformer, Mid and Low Infrastructure Professional
Services and Sole Source Software, the latter covering
17 contracts. These four reviews covered very different
types of NEC contract so represented good tests of
our preparation. They had wide engagement across
SKAO, with the owning Project Managers and Design
Authorities presenting, and the review teams chaired
by Assurance and comprising people with similar
roles on other contracts, procurement specialists,
legal specialists, representatives from Operations
and from the Science and Telescope Delivery Teams
as appropriate. Over 140 issues were raised on these
CRRs, over half of which are resolved and the rest are
in progress. It’s expected that these contracts will be
ready to enter the Invitation to Tender stage over the
next few weeks.
March will see us conduct CRRs for the majority of the
Low and Mid Infrastructure works contracts, so we are
making great progress towards our targets.
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FIRST COUNCIL MEETING

MARKS BIRTH OF SKAO
On 4 February 2021, history was made with the launch of
the SKA Observatory as an intergovernmental organisation,
following its first Council meeting.
The new Observatory, known as SKAO, is only the second
in the world to be dedicated to astronomy, and its official
launch was celebrated by member governments, partner
institutions, fellow observatories and major science
organisations, and the wider public via social media.
As one observatory operating two telescopes on three
continents, headquartered in the UK with sites in Australia
and South Africa, SKAO is tasked with building and
operating the two largest and most complex radio telescope
networks ever conceived.
“This is a historic moment for radio astronomy,” said Dr
Catherine Cesarsky, appointed first Chair of the SKAO
Council. “Behind this milestone, there are countries that had
the vision to get deeply involved because they saw the wider
benefits their participation in SKAO could bring to build an
ecosystem of science and technology involving fundamental
research, computing, engineering, and skills for the next
generation, which are essential in a 21st century digital
economy.”
The ongoing pandemic meant SKAO’s first Council meeting
was held virtually, attended by representatives from the
Observatory’s current Member States – Australia, Italy, the
Netherlands, Portugal, South Africa and the United Kingdom
– as well as Observer countries aspiring to join SKAO. This
includes those that took part in the design phase of the
SKA such as Canada, China, France, Germany, India, Spain,
Sweden and Switzerland, and whose future accession to
SKAO is expected in the near future, once their national
processes have been completed. Representatives of national
bodies in Japan and South Korea complete the select list of
Observers in the SKAO Council.

“This is the culmination of many years of work and I wish
to congratulate everyone in the SKA community and in our
partner governments and institutions who have worked
so hard to make this happen,” said Prof. Philip Diamond,
appointed first Director-General of SKAO.
The meeting saw the Council approve policies and
procedures that have been prepared in recent months,
covering governance, funding, programmatic and HR
matters, among others. These approvals were required to
transfer staff and assets from the SKA Organisation to the
Observatory and allow the latter to become a functioning
entity.
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HQ CORNER

IN CONVERSATION:
DR CATHERINE CESARKY
AND PROF. PHILIP DIAMOND
Dr Catherine Cesarsky, Chair of the SKAO Council
Dr Cesarsky was appointed Chair of the SKA Board of Directors in 2017, and her
distinguished career spans some of the biggest international astronomy projects
of recent years. As Director-General of the European Southern Observatory she
oversaw the Very Large Telescope, the start of construction of the Atacama Large
Millimeter Array (ALMA) and launched the Extremely Large Telescope project,
one of the key astronomical facilities of the coming decades along with the SKA.
Among her other prestigious roles, Dr Cesarsky was President of the International
Astronomical Union and High Commissioner for Atomic Energy in France. She
is known for her successful research activities in high energy and in infrared
astronomy and is member or foreign member of science academies over the
world, including Europe (Academia Europaea), France (Académie des Sciences),
United Kingdom (Royal Society), United States (NAS), Sweden (Royal Swedish
Academy of Sciences).

Prof. Diamond has 40 years’ experience in the field of radio astronomy and
has worked as a professional astronomer in five countries (UK, Sweden,
Germany, USA and Australia), including 12 years at NRAO in the United States
during which he became deputy director of the Very Large Array (VLA). A
former director of the Jodrell Bank Centre for Astrophysics in the UK and
CSIRO Astronomy and Space Science (CASS) in Australia, he was appointed
Director-General of the SKA Organisation in September 2012, having already
been involved in SKA activities for more than a decade. In this role he led the
SKA’s pre-construction phase including years of detailed design reviews, and
oversaw the diplomatic effort to negotiate the multilateral SKA Observatory
Convention, a seminal moment in the project’s history.

Following the official launch of SKAO
on 4 February, we spoke to them
about the significance of this moment.
You both have a great deal of
experience of major science projects
and observatories. What does the
start of SKAO mean for astronomy
in your view?
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Catherine: It’s a very special event.
We are entering an era when giant
telescopes will work together in the
coming decades to try to understand
the mysteries of the Universe - SKAO
will be a key part of that.
Phil: From any angle at which you
look at this, it’s a significant event
for world astronomy. It’s the birth of
a new observatory, and not just any
observatory either. This is one of the
mega-science facilities of the 21st
century, so for our community, this is
about participating in one of the great
scientific adventures of the coming
decades.

It seems like it has been a long
road to get us here, is this kind of
timeline unusual?
Phil: No, it’s not unusual; space
projects have similar gestation periods,
as do sister projects on the ground.
The ALMA Observatory in Chile took
more than two decades from the
early discussions until the start of
operations, with the success that we
know. Projects like the VLA may have
gone a little more quickly, but that
was designed and built by a single
well-funded organisation in the US.
The detailed design work on the SKA
has only occurred in the last few years,
since 2013.
Catherine: You have to have patience
because these big international
projects take time to bring it all
together. Now we are celebrating the
birth of the Observatory but behind
it all there are many years of work by
many people all over the world, as well
as countries that had the vision to get
deeply involved.

Prof. Philip Diamond, SKAO Director-General

One of the key acts of the first
SKAO Council was to appoint its
first Chairperson, Dr Catherine
Cesarsky (assuming her post
immediately), and the first SKAO
Director-General Prof. Philip
Diamond (taking effect on 1 May).

governments, the Council and the
members have that trust in me. I’m
aware of the burden of responsibility
to make sure we deliver on the promise
and on the expectations of the
members, the SKA community and the
taxpayers.

People’s enthusiasm for the SKA
hasn’t waned in that time either…
Phil: No and that’s really exemplified
by the huge interest that we have
in the 2021 SKA science meeting,
where we are oversubscribed by
a factor of eight for the number of
talks we are able to accommodate. If
that can translate in the future to an
oversubscription in observing time,
we’ll have done our job very well.

The SKAO Council has chosen you as
the leaders who will guide us on this
next phase of the journey towards
construction and operations. What
does that mean to you?
Catherine: We are indeed beginning
a new phase, and I am delighted to
have been asked to chair the SKAO
Council. All I can say is that I’ll bring all
the experience I’ve acquired over my
career on large international projects
and at large facilities in order to best
serve the Council.

Catherine: As an outsider – before
I got formally involved as Chair of
the Board of the SKA Organisation
–, I have also witnessed such interest
growing over the last decade.
The organisation did a good job
in delivering on many fronts since
the telescope site decision in 2012,
cementing its place in policy-circles
and garnering trust and confidence
from governments and decisionmakers, in addition to the scientific and
engineering community.

We’ve spoken about the significance
of this moment for astronomy, but
the wider impact of the SKA is a big
focus as well and forms a significant
part of the Construction Proposal.
Catherine: All major science facilities,
in order to develop the cutting edge
instrumentation that they require,
make innovations and generate
spin-offs. Many of those translate
into innovations that benefit society
as a whole. There are some excellent
examples: CERN with the world wide
web, radio astronomy with WiFi, those
are both well known.
Phil: Here’s another one that people
might not know so well: without radio
astronomy GPS wouldn’t work because
GPS requires the exact rotational
parameters of the Earth, which are
determined by radio astronomy. It’s
part of our responsibility in spending
taxpayers’ money to maximise the
return to society. Within SKAO a
lot of our partners are focused on
translating their innovations into
societal benefits and we’ve already
seen some spinoff companies emerge
out of their SKA design work. We also
see benefits arriving in our telescope
host countries, where governments are
using radio astronomy to uplift human
capital – people – to provide education
and then employment opportunities.
Catherine: Then of course there are
the intangible benefits – governments
working together in a peaceful
cooperative manner on a scientific
project. That helps when there are
tensions elsewhere in the world,
that scientists and officials and even
ministers can still connect over an
endeavour like ours.
You mentioned SKAO’s visibility at
high levels – what more can you tell
us about that?
Catherine: SKAO is certainly visible at
the very highest levels of government
and has been for several years,
because of the scale of the project, its
international nature and its expected
large science and socio-economic
impact.
Phil: I’ve got several concrete
examples in mind actually. For
instance, I am the proud owner of a
letter from then-UK Prime Minister

David Cameron from the time of the
bidding process for the HQ. Our
French colleagues, who have recently
announced their intention to seek
membership of SKAO, had to seek
such approval in the French prime
minister’s office. And President Xi
of China has mentioned the SKA
and Chinese involvement in the
Observatory in national addresses.
It’s very gratifying that this visibility
translates into strong support.
Looking ahead to this year, it’s
going to be another busy one for
everyone involved. What do you see
as the highlights?
Phil: There will be many exciting steps
in 2021. We’re planning the transition
of staff from the Organisation to the
Observatory to take place in May.
That will be critical for the ability of
the Observatory to function. The
next major milestone we expect is
the Council members agreeing to
the start of SKA construction. So,
the latter half of the year we will
focus on going out to tender with
contracts for construction activity,
followed hopefully towards the end
of this year or early next year by a big
groundbreaking ceremony.
We’re also expecting more countries
to seek membership of SKAO in the
coming months and years. What’s in
it for them?
Phil: A country that joins SKAO is
joining one of the great scientific
adventures of the 21st century. It’s
science that drives us and that excites
the communities in these countries,
and of course there are all the side
benefits that come with that.
Catherine: Governments of course
are interested in fundamental science
but also in new technologies and
innovations and there is a lot of
interest in industrial return on national
investments. So, it is about skills
and capacity building, technology,
innovation, industrial return,
knowledge transfer, and spin offs, but
fundamentally it is about a wonderful
scientific journey that we are now
embarking on together.

Phil: On a personal basis it’s wonderful
– it’s the culmination of an almost
30-year long journey. It’s a privilege
and an honour that the various
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CARTA - A NEW ASTRONOMY
VISUALISATION TOOL FOR
THE ERA OF BIG DATA
BY KECHIL KIRKHAM (INTER-UNIVERSITY INSTITUTE FOR DATA INTENSIVE ASTRONOMY)
The advent of very large telescopes, and their increasingly complex and voluminous data products, means digital
astronomical data now needs special treatment to be understood. Simple two-dimensional graphs can no longer
adequately portray the massive amounts of data pouring in from huge radio interferometers like ALMA, ASKAP, LOFAR,
MeerKAT and soon the SKA, which perceive signals in higher spatial and time resolution over a wide range of frequencies.
Processing this data demands powerful computing resources, and bespoke algorithms and tools. The resultant radio
images, particularly when combined with multiwavelength images from other facilities, require special software to allow
scientists to visualise and conduct scientific analysis.
One such tool is CARTA (Cube Analysis and Rendering Tool
for Astronomy), a new interactive visualisation tool that has
been developed to handle terabyte-sized images, bringing
together the functionalities necessary to interpret and
visualise what would otherwise take too long, or simply be
impossible to render. Hundreds of astronomers worldwide
have already started using CARTA. Among them are
astronomers involved in SKA-related research and some SKA
Observatory scientists, including Dr Shari Breen.
“CARTA is already game-changing for astronomers who
are looking at SKA precursor and pathfinder data - without
it I would struggle to view huge data cubes from ASKAP,”
says Dr Breen, who conducts research on star formation.
“CARTA is a hugely valuable tool in understanding the data,
diagnosing problems and conducting our science.”
Recognising that it was time to create a new generation tool
for big data astronomy, CARTA started out on the drawing
board in 2014, growing out of Professor Russ Taylor’s
CyberSKA project*. The first release was made in December
2018, and the number of users is rapidly expanding
worldwide.
CARTA adopts a client-server architecture which is suitable
for visualising images with large file sizes. Computation and
data storage are handled by remote enterprise-class servers
or clusters with high-performance storage, while processed
products are sent to science users for visualisation with
modern web features, such as GPU-accelerated rendering.
This architecture also enables users to interact with the
ALMA and VLA science archives by using CARTA as an
interface. The software is designed to be memory-efficient
when loading images. With around a gigabyte of RAM, a
16k x 16k square pixel image or terabyte image cube can be
loaded in seconds, which is a speed increase of up to 1,000
fold (depending on the application being compared).
Figure 1 (at the top of the page) demonstrates the power
of CARTA on image matching, where astronomers can
overlay images of the same area of sky taken with different
telescopes with different characteristics, and this works well
especially for wide field images. The background raster is a
radio image at 36.528 MHz, the white contours are HI and
the green contours are H_alpha. Three reprojected regions
of interest are added.
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WHEN THE BRAIN MEETS
THE STARS: KNOWLEDGE
MADE VISIBLE TO THE
NAKED EYE
BY DR PHILIPPE CIUCIU (CEA, NEUROSPIN)
The data acquisition mechanisms in radio-astronomy and in magnetic resonance
imaging (MRI) present similarities. In either case, the acquisition system produces data
in a mathematical space, called the Fourier space, and the transition from incomplete
measurements to good quality images is far from obvious (see middle figure in the image
below). Experts in radio interferometry and MRI have teamed up to improve image quality
in both scientific fields. They both have a common goal: getting the cleanest image
possible in the fastest observation time.
When teams at the CEA in France
(Commissariat à l’énergie atomique
et aux énergies alternatives) joined
their efforts in the COSMIC project
(Compressed Sensing for Magnetic
resonance Imaging and Cosmology)
they showed what scientific teamwork
could do by winning second place
in the Brain FastMRI Challenge. This
international competition was held
in October 2020 and co-sponsored
by Facebook AI Research and NYU

Langone Health. The goal was to see
how accurately an image could be
made to resemble the original from
information that was incomplete.
Results showed that the CEA’s method
provided an excellent means to
reconstruct an image to be almost the
same as what could be found in an
original image, even with data that was
far from being optimal (degraded and
unclear). (See right figures in the image
below.)

To do
this, these
two teams
(one working
on the brain
and the other
on astrophysics) used Compressed
Sensing (CS), a mathematical theory
invented in 2006 by two different
groups in California (CalTech and
Stanford).

Figure 2 (above) demonstrates some of CARTA’s region
analytics tools, and also shows the catalog support in
CARTA. This neatly depicts the flexible layout of CARTA
which allows the user to determine the position and look of
many user interface components.
The next release (2.0) in the next few months will improve
publication quality output, Stokes analysis (which allows
astronomers to measure polarisation), and add many new
features. See here for instructions on how to access CARTA
and for more details.” CARTA is also supportive of SKAO’s
joint effort with the IAU, ESA and ESO to develop accessibility
guidelines for astronomy software to improve access for
disabled users.
*The CARTA project is an international collaboration of the
Inter-University Institute for Data Intensive Astronomy (IDIA)
based at the University of Cape Town, South Africa; the
Academia Sinica Institute of Astronomy and Astrophysics
(ASIAA) in Taipei, Taiwan; the National Radio Astronomy
Observatory (NRAO) in Socorro, US; and the Department of
Physics, University of Alberta, Canada.

Top: Credit: CARTA (interface)/NASA Goddard/LAMBDA
(science images).

Above: An overview of the acquisition and reconstruction process for both brain imaging and radio-astronomy. MRI and
radio-telescope collecting data (left) and sampling in a mathematical space called Fourier domain (centre). In practice, we
cannot have a full sampling of this space and we need to reconstruct images from subsampled data. Right, example of such
reconstructions from retrospectively subsampled data with two different methods: a linear inversion method called GRAPPA
that is implemented in actual MRI scanners (middle right) and the deep learning (bottom right). The original image is shown
top right. Credit: Dr Philippe Ciuciu, CEA; SKAO, ICRAR, SARAO.

Middle: Credit: CARTA (interface)/NASA (raster image)/
PAWS Project (contour image)/SIMBAD (catalogue file).

Top right: The team, clockwise from left: Dr Jean-Luc Starck (Cosmostat, CEA, CNRS) and Dr Philippe Ciuciu (NeuroSpin,
équipe PARIETAL Inria-CEA), and PhD student Zaccharie Ramzi.
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COSMIC BEASTS
AND WHERE TO
FIND THEM
BY DR JACINTA DELHAIZE (SARAO POSTDOCTORAL RESEARCH
FELLOW, UNIVERSITY OF CAPE TOWN)
Two giant radio galaxies have been discovered with the South African SKA precursor
telescope MeerKAT. These galaxies are amongst the largest single objects in the
Universe and are thought to be quite rare. The discovery of these cosmic beasts was
recently published in the Monthly Notices of the Royal Astronomical Society.

The Jean Zay supercomputer, acquired by GENCI (Grand Equipement National de Calcul Intensif) and inaugurated in January
2020, is operated within the CNRS center IDRIS (Institut du Développement et des Ressources en Informatique Scientifique).
In the SKA context, today Jean Zay is one of the computing facilities made available to the community to run the second SKA
Data Challenge. Crédits photo : Cyril FRESILLON / IDRIS / CNRS Photothèque.
This theory revolutionised the
numerical sciences and allowed the
perfect reconstruction of images from
a small number of measurements
as long as certain mathematical
properties were met. In practice, these
conditions are satisfied on natural
images and make the reconstruction
of useful images from faraway galaxies
to tiny brain structures realistic. The
resulting resolution of images is
actually outstanding.

Currently, the most innovative way
to solve the image reconstruction
problem relies on artificial intelligence
(AI). Deep learning and its neural
networks (a set of algorithms which
recognise patterns in data) with
many layers of processing units (also
called convolutional neural networks
or CNNs) are able to learn what is
corrupted about an image and to
correct for missing data and the
presence of artefacts.

Now both radio-astronomy and brain
imagery can provide information about
what these structures are and calculate
their causes and effects. This is called
‘inverse problem solving’, and is the
expertise of astrophysicist Dr Jean-Luc
Starck, who heads up the Cosmostat
team. The NeuroSpin team, headed
by neuroimaging scientist Dr Philippe
Ciuciu, brought its deep knowledge
in accelerated MRI acquisition and
software engineering to solve issues
inherent to both domains, that is:
missing data and noise or artefacts
giving severely degraded images.
In order to solve these image
reconstruction tasks in the CS setting,
the teams initially developed a multidisciplinary open source software
called PySAP.

Their benefit is twofold: first, neural
networks make it possible to recover
images of a quality similar to those
obtained from complete data sets by
collecting even less data than in the CS
framework. Second, these algorithms
reconstruct the images much faster
than previous nonlinear CS methods
(10 to 100 times faster). Making use
of this framework, the teams have
proposed a very efficient hybrid CNN
architecture (XPDnet) that integrates
both physics-based knowledge of MRI
and key aspects of optimisation into
the correction process.
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This new method, implemented by
Zaccharie Ramzi, was the one applied
to the Brain FastMRI Challenge
competition. It aimed at comparing the
performance in image reconstruction
of different deep learning

architectures from under-sampled data
corresponding to faster scans. The
challenge with test data is of course
that no ground truth (or complete data)
is available, making the competition
blind and thus more difficult, yet fair
to all contenders. Results showed
that the CEA’s method provided
clear MR images even in a degraded
acquisition set-up (see right figures
in the image on page 25). Results of
the competition were announced last
December at the NeurIPS international
conference, a top-level conference in
machine learning. These two teams
placed second in the two supervised
categories out of 19 competitors.
Results will be published in 2021 in the
journal IEEE Transactions on Medical
Imaging.

The giant radio galaxies were spotted in new radio maps
of the sky created by the MeerKAT International Gigahertz
Tiered Extragalactic Exploration (MIGHTEE) survey.
MIGHTEE is one of the large survey projects underway with
MeerKAT and the team involves astronomers from around
the world.

The two giants found with MeerKAT are special because
they are much bigger than 93 percent of other radio
galaxies. They are more than 2 mega-parsecs across, which
is around 6.5 million light years or about 62 times the size of
the Milky Way! Yet they are fainter than others of the same
size.

In radio galaxies, fast-moving charged particles are caught
up in the twisted magnetic fields close to the central
supermassive black hole and ejected in huge beams, or ‘jets’
which glow at radio wavelengths.

These giant radio galaxies had never been detected by
previous telescopes, but have now been revealed thanks to
MeerKAT’s unprecedented sensitivity to faint and diffuse
radio light.

Although hundreds of thousands of radio galaxies have been
found, only around 830 of these are considered “giants” with
radio jets in excess of 2.3 million light years across.

The team hopes to uncover more of these giant galaxies
in the MIGHTEE survey as it progresses. Many more
should eventually be found with the SKA, which will reveal
larger populations of radio galaxies than ever before and
revolutionise our understanding of galaxy evolution.

The fact that MeerKAT detected two of these monsters in
a remarkably small, 1 square degree, patch of sky suggests
that giant radio galaxies may actually be much more
common than previously thought.
This gives further vital clues about how galaxies have
changed and evolved throughout cosmic history and how
supermassive black holes impact their host galaxies.

Below: The two giant radio galaxies found with the
MeerKAT telescope. In the background is the sky as seen
in optical light. Overlaid in red is the radio light from the
enormous radio galaxies, as seen by MeerKAT. Left: MGTC
J095959.63+024608.6. Right: MGTC J100016.84+015133.0.
Credit: I. Heywood (Oxford/Rhodes/SARAO).

Based on observations of the
LOFAR telescope (one of the SKA
pathfinders) published in Astronomy
& Astrophysics in 2015, the COSMIC
team has already shown that the
resolution of radio-interferometry
images can be improved by a factor
of four (two in each direction). The
team is now investigating from a SKA
perspective how well these latest
MRI machine learning developments
impact the quality of reconstructed
radio-interferometry images.

C O N TA C T | M A R C H 2 0 21

27

PATHFINDERS

OUTCOMES OF MEERKAT CALL
FOR OBSERVING PROPOSALS
BY DR FERNANDO CAMILO (CHIEF SCIENTIST, SARAO)
Last year, the South African Radio Astronomy Observatory (SARAO) issued a call for observing proposals to use its
MeerKAT telescope, an SKA precursor. Having just completed the assessment of the submitted proposals, here are
summarised the outcomes of this very successful call.
This was the first call open to the international community
since MeerKAT was inaugurated in 2018, and proved
extremely popular: 3400 hours of telescope time were
requested – 3.4 times more than available – by 113 Principal
Investigators from 18 countries. This represents a large time
pressure by comparison to sister facilities.
With the goal of minimising unconscious biases in the review
process, SARAO introduced a double-blind methodology:
expert anonymous science assessors and the review panel
were not aware of the identity of the proposing teams.
Following the review, telescope time was awarded to half
of the proposals received. The abstracts of these projects
point to the breadth of science cases addressing numerous
questions in modern astrophysics for which MeerKAT is

particularly well suited – showing in a tangible way how
MeerKAT is now paving the way for the SKA.
The accepted programme includes proposals led by
researchers from 13 SKA countries – and, particularly
gratifying for SARAO, South African-based PIs lead 1/3
of the submitted and accepted proposals, demonstrating
the strength of the young and growing South African radio
astronomy community. It’s also notable that a number of the
accepted projects will use MeerKAT in conjunction with SKA
precursors and pathfinders such as ASKAP, FAST, uGMRT,
and LOFAR.
Observations have already started for some of the projects
just selected, with the data now in the hands of the PIs – the
coming scientific discoveries are expectantly awaited!

ASKAP TEAM WINS PRESTIGIOUS
AMERICAN SCIENCE PRIZE
BY ANNABELLE YOUNG (CSIRO)
An ASKAP team led
by CSIRO astronomer
Dr Keith Bannister
has received the 2020
Newcomb Cleveland
Prize, presented by the
FAST American Association
RADIO for the Advancement
of Science. Awarded
BURST
Single flash traced
to its host galaxy
each year since 1923,
the prize honours the
most impactful research
paper published in the
journal Science. The
international team of
54 astronomers, based
at 21 institutions was
the first to pinpoint the
location of a non-repeating fast radio burst (FRB).
Reborn detector hunts
for ghost particles p. 532

Stone Age humans at
high altitude pp. 541 & 583

Wildfire smoke in the
stratosphere p. 587

$15
9 AUGUST 2019

sciencemag.org

pp. 546 & 565

“Fast radio bursts are extremely short extragalactic events –
that is, they originate in a galaxy far, far away – and identifying
the exact signal source of one is like looking for the proverbial
needle in a haystack,” said Holden Thorp, editor-in-chief of
Science and chair of the Newcomb Cleveland Prize Selection
Committee.
The origins of FRBs were a mystery because radio telescopes
lacked the precision to identify where they came from. It
wasn’t clear if they came from nearby stars or distant galaxies.
To resolve the mystery, the team used CSIRO’s Australian
Square Kilometre Array Pathfinder (ASKAP) radio telescope,
an array of 36 antennas in Western Australia.
ASKAP is equipped with unique CSIRO-designed phase array
feed receivers which widen its field of view by a factor of 30,
enabling it to find bursts more rapidly. ASKAP was used to
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ASKAP CONTINUES
COUNTDOWN TO FULL
SURVEY SCIENCE
BY ANNABELLE YOUNG (CSIRO)
As the SKA prepares to begin construction, one of its precursor radio telescopes, CSIRO’s Australian SKA Pathfinder (ASKAP), is
ramping up science operations and embarking on ground-breaking surveys. Documenting this journey is a key part of ASKAP’s
role as an SKA precursor and the telescope team’s most recent publication makes a major contribution to this effort
Available now on ARXIV and soon to be published in
Publications of the Astronomical Society of Australia, is the
ASKAP System Description paper. The paper’s lead author,
Dr Aidan Hotan, ASKAP Project Scientist, says the paper
outlines technical specifications and some of the critical field
experience that contributed to ASKAP’s design revisions.

The recently published Rapid ASKAP Continuum Survey
(RACS) shows that ASKAP’s wide field of view can map the
mid-frequency radio sky extremely quickly and in great detail,
providing the foundation for new discoveries. One of the first
papers to use RACS reported the discovery of the most distant
radio-loud quasar ever detected.

“At the 2019 SKA Engineering meeting, I reported on our
ASKAP commissioning experiences and mentioned that
continuous improvement is a necessity, well after construction
is complete. More recent experience with ASKAP science
operations has highlighted the importance of automated
configuration management and observation scheduling, to
maximise efficiency. The system paper ties these threads
together with a look at how ASKAP currently works, some
of the changes we had to make along the way, and future
enhancement possibilities,” said Aidan.

ASKAP surveys are improving our knowledge of the radio sky
at SKA-mid wavelengths. They will lead to new sky models
and calibration methods and provide a stepping stone for
the research community, by greatly increasing the number of
known radio sources. SKA precursor telescopes also provide
a steady flow of data into fledgeling SKA Regional Centre
developments.

ASKAP provides comparatively high-level data products
(including calibrated images and source catalogues) and this
new paper serves as a key reference for astronomers who
have not had the opportunity yet to interact directly with the
telescope.

detect the burst and,
crucially, pinpoint its
location using a novel
‘live action replay’
system.

The team hopes that their experience with ASKAP helps
to prepare the SKA team for challenges that await. At the
same time, ASKAP surveys will inspire a new generation of
astronomers and provide data that fuels excitement for the
capabilities that the SKA will provide in future.

Dr Bannister, who
designed the system,
said it was a great honour
to receive the award
which was the result of a
massive team effort.
“It’s thrilling to be part of
cutting-edge science and
technology in Australia,
and to have it recognised internationally,” Dr Bannister said.
The annual award recognises a paper for its quality,
innovation, and wide significance. The winning paper, A single
fast radio burst localized to a massive galaxy at cosmological
distance, was published in Science on 9 August 2019,
featuring an image of ASKAP on the front cover.
What’s next for this FRB-finding team and telescope? It’s all
in this Conversation article by Dr Bannister and Swinburne
University’s Associate Professor Ryan Shannon.
ASKAP is located at CSIRO’s Murchison Radio-astronomy
Observatory (MRO). We acknowledge the Wajarri Yamaji as
the traditional owners of the MRO site.
Left: The paper was published in Science in 2019, with
ASKAP featured on the cover.
Above right: Dr Keith Bannister led an international team of
54 astronomers, based at 21 institutions. Credit: CSIRO.
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Right: The completion of
ASKAP’s first all-sky survey
(RACS) marks another milestone
on our countdown to full survey
science – the sequence of
steps that prepares ASKAP
for its 5-year survey program.
The next milestones involve
pilot surveys, which are test
observations that closely
resemble the long-term survey
modes. Credit: CSIRO.
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PATHFINDERS

uGMRT PROBES STELLAR
MAGNETOSPHERES
THROUGH STUDY OF STARS
WITH RARE EMISSION
BY BARNALI DAS & DR POONAM CHANDRA (NATIONAL CENTRE FOR RADIO ASTROPHYSICS,
TATA INSTITUTE OF FUNDAMENTAL RESEARCH)
Approximately 10% of massive stars are known to host large scale dipolar surface magnetic fields, the simplest form
of magnetic field, which emanate from two opposite poles, as in the north and south poles of a magnet. Their origin is
unclear; it could be fossil fields (interstellar magnetic fields that get locked into stars at the time of their formation) or
magnetic fields generated in stellar mergers. New observations with uGMRT, an SKA pathfinder facility, probe these stellar
magnetospheres.

100M RADIO
TELESCOPE EFFELSBERG:
THE FIRST 50 YEARS
BY NORBERT JUNKES (MAX-PLANCK INSTITUTE FOR RADIO ASTRONOMY)
The 100m Radio Telescope Effelsberg, an SKA pathfinder facility, turns 50 in 2021. The inauguration of the telescope
took place on 12 May 1971, and for 30 years it was the largest fully steerable radio telescope on Earth. With its constant
improvements and upgrades it is still one of the most powerful dishes around.
In its history, the 100m telescope has produced a number
of important results. These include the first proofs of
extragalactic water and ammonia, while observations of
different transitions of the ammonia molecule helped to
establish a “cosmic thermometer” for molecular clouds.
Polarisation observations established the existence of
regular large-scale magnetic fields in galaxies beyond our
own Milky Way.
The radio map of the full sky at 408 MHz, based on
observations with Effelsberg, the 76m Lovell telescope
at Jodrell Bank (next to SKAO Global Headquarters) and
the 64m Parkes telescope in Australia, became an iconic
image of astronomy as a whole. More recently, a map of the
complete northern sky in the light of neutral hydrogen (HI)
was published, combining Effelsberg and Parkes data to
reveal the whole sky in the light of neutral hydrogen (the allsky survey HI4PI).
Exploring the extremes of the cosmos, intraday variability
(IDV) of active galactic nuclei was observed for the first
time. The telescope’s observations of binary pulsars
established the existence of relativistic spin-precession in
strong gravitational fields. Effelsberg discovered normal
and millisecond pulsars as well as an extremely highly
magnetised pulsar (a magnetar) near the Galactic Centre.
The telescope was part of the first intercontinental Very Long
Baseline Interferometry (VLBI) experiment in 1973 – only
two years after its inauguration – and today it remains a
crucial part of the European, global and mm-VLBI networks.
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Recently, Space-VLBI observations including Effelsberg and
other ground-based radio dishes set a world record in spatial
resolution – the level of detail discernable in an image – of 11
micro-arcseconds. That’s like viewing a two-cent Euro coin
(slightly smaller than a UK and US penny) on the surface of
the Moon.
Fitted with modern receivers (several wide-band, multi-pixel
systems, and a phased array feed), state-of-the art data
acquisition systems and constant upgrades, the telescope
has evolved into something far superior to what it was
50 years ago. As such it continues to be an active SKA
pathfinder.

Understanding their origin has deep
implications in stellar evolution theory.
These magnetic massive stars are
probably the best laboratory to study
plasma-magnetic field interactions,
which lead to the formation of a
magnetosphere around the star that
traps wind plasma up to a certain
distance away from the star. The
magnetosphere is the host of a variety
of phenomena that produce radiation
over a wide range of the electromagnetic spectrum.
Using the upgraded Giant Metrewave
Radio Telescope (uGMRT), a team
of researchers are studying a unique
subset within this 10% of massive
stars, called main-sequence radio
pulse-emitters (MRPs), which produce
very bright emission for a very short
duration of time, roughly twice during
the full rotation of the star. Such
emission is called Electron Cyclotron
Maser Emission (ECME). By the very
nature of ECME pulses, the higher
frequencies originate closer to the
star and the lower frequencies are
produced farther away from the
star. Thus observation over a wide
frequency range allows one to study

MRPs have been discovered, bringing
the total number to seven, four of
which were discovered/confirmed
using the uGMRT via the team’s survey
and follow-up programme.

the magnetised plasma at different
heights from the stellar surface and
reconstruct a 3D picture of the star’s
magnetosphere. This uGMRT study has
led to numerous academic papers in
recent years, with two more due to be
submitted in the coming weeks.
There was only one known MRP (called
CU Vir) for nearly 15 years, until the
team discovered a second candidate
with the uGMRT, given the name HD
133880. Since then, there is a renewed
interest in this field and five more

The study also aims to characterise
the properties of the emission so it
can be used to probe the otherwise
impenetrable magnetosphere of the
star. Combining uGMRT data with the
Karl G. Jansky Very Large Array (VLA),
the team has conducted the first ultrawideband (0.3-4 GHz) study of these
stars. It is the first that explores their
properties at frequencies below 1 GHz,
revealing that the plasma distribution
in the stellar magnetosphere is not
symmetrical around the magnetic
dipole axis.
Overall, this study clearly shows
how important it will be to conduct
sub-GHz to GHz studies of MRPs
using the SKA, since they might show
very different behaviour at lower
frequencies which, once explained,
can give valuable information about
plasma magnetic interplay in these
objects. Read more in this paper and
references therein.

The 100m telescope was also one of a number of radio
telescopes supporting NASA during the Perseverance
spacecraft landing on Mars in February, picking up simple
radio signals broadcast by Perseverance during this most
sensitive part of the descent to the surface. Read more on
page 18.

Above: A
magnetosphere of
a massive star and
the trapped plasma
around a magnetic
massive star (Credit:
R. Townsend).

Top left: The all-sky survey at 408 MHz (C.G.T. Haslam et
al. 1982, A&AS 47, 1), observed with the 100m telescope
together with the telescopes at Jodrell Bank in the UK and
Parkes in Australia.

Left: A hot magnetic
star HD 133880,
emitting Electron
Cyclotron Maser
Emission (ECME). HD
133880 is the second
star showing ECME
pulses with the
GMRT at 600 MHz.

Top right: Effelsberg’s huge 100m dish is still one of the
most powerful around. Credits: Norbert Tacken, MPIfR.
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PATHFINDERS

LIFE CYCLE OF
SUPERMASSIVE
BLACK HOLE
REVEALED

DR ANNA BONALDI
SKAO Project Scientists have a multi-faceted role, working closely with the SKA engineering and science communities to
prepare for construction and operation of the telescopes while conducting and publishing their own astronomy research. Dr
Anna Bonaldi, from Italy, is a cosmologist based at SKAO Global HQ in the UK. A co-lead of the SKA Science Data Challenge 2
and part of the committee organising the 2021 SKA Science Meeting, Anna is also involved in five of the SKA Science Working
Groups and regularly takes part in outreach activities for the general public.
To mark International Day of Women and Girls in Science 2021, she spoke to us about how she found a love for astronomy,
what it takes to work in a major international collaboration like the SKA, and how she’s used the COVID-19 lockdowns to
perfect her pizza skills.

BY MISCHA BRENDEL (ASTRON)
Using both the Low Frequency Array (LOFAR) and the Westerbork Synthesis Radio Telescope (WSRT-Apertif), two SKA
pathfinder facilities, astronomers have measured the life cycle of a supermassive black hole. It is the first time that both
radio telescopes of the Netherlands Institute for Radio Astronomy (ASTRON) took part in the same survey and were used
to observe the same part of the Universe. This proof of concept study, part of the LOFAR deep fields surveys, shows that a
combined LOFAR/WSRT-Apertif survey can reveal in which phase of a cycle a supermassive black hole currently is.
Supermassive black holes have both ‘active’ and ‘quiet’
phases. In their active phase they eject huge amounts of
energy which eventually can expel gas and matter from
galaxies and impact the entire formation of new stars. These
ejections are believed to last from tens of millions to a few
hundred million years. After this, the supermassive black
hole enters a quiet phase.

Astronomers believe that a black hole can start a new
ejection cycle multiple times in its existence. Observing
supermassive black holes with both LOFAR and WSRTApertif, scientists have been able to say which of them are,
at present, ‘switched off’ and how long ago that happened.
They also have identified cases where the ejection phase of
the supermassive black hole has ‘recently’ restarted.

Part of the ejected energy – also called ‘flux’ – comes in the
form of radio waves, both at low and high frequencies. A
combined observation with LOFAR and WSRT-Apertif – both
pathfinders for the SKA – was able to detect these emitted
radio waves. “High frequency radio waves quickly lose their
energy, their flux – and, as a consequence, their brightness –
while those in the lower frequency do so much more slowly,”
says Prof. Raffaella Morganti, first author of the paper “The
best of both worlds: Combining LOFAR and Apertif to derive
resolved radio spectral index images”.

“Interestingly, the relative number of radio galaxies found
in the ‘out’ phase is also telling for how long a supermassive
black hole has been ‘switched off’. These objects are rare,
therefore large surveys are necessary to find enough of
these sources so that we have a large enough database for
statistical analysis,” Prof. Morganti adds.

In a previous study, LOFAR was used to find possible
supermassive black holes in the quiet or active phase. In this
study these same sources were surveyed also using WSRTApertif. The relative strength of the radio emission at the two
different frequencies is used to derive, to first order, how old
a radio source is and whether it is already in a quiet phase.

Above: Part of the radio sky observed by this project where
many galaxies with supermassive black holes emitting
radio waves can be seen. The colours give an indication of
the phase in the active life of the supermassive black hole.
The red colours represent emission from black holes in the
later phase, at the end of their active life. Greener colours
represent black holes in their “youth”. Credit: Raffaella
Morganti/ASTRON.
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In the future, the team would like to do further studies
observing other supermassive black holes in the same
manner.
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Tell us about your early life, Anna.
Where did you grow up?
I grew up in a relatively small village
near Venice in Italy. I’ve got a twin sister
and it was funny because in the village
everyone knows everybody, but nobody
could distinguish me and my sister.
They just called us “the twins”.

When you think of yourself as an
individual that’s a bit frustrating! We
took quite different career paths
though, as she studied languages and I
went into science.
When did science become something
you wanted to pursue?
I was in a secondary school which
focused on humanities, so not really on
a science path, but in one class we did
a topic on the planets and gravity, and
for some reason this really caught my
interest. I started reading a bit more
around astronomy in the school library
and I decided this was much more
interesting than what I was doing! It
was my last year before university, so it
was a late decision but I really found a
love for it and I knew I could do it with
a bit of patience. I went on to study
astronomy at the University of Padua,
not far from Venice.
So it wasn’t based on a long-held
fascination with the night sky?
It’s a bit of a disappointing answer, but

no! In my first year at university there
were two kinds of people: one who
for years had been looking at the stars
through their telescopes, who had a
lot of general astronomical knowledge.
The other kind – people like me – liked
the subject from a more abstract,
almost philosophical point of view.
Cosmology is about understanding the
birth and evolution of the Universe and
eventually its fate, so it’s sort of “who
are we, where do we come from?” That
is where my fascination lies.
What does cosmology research
involve?
Instead of studying objects in isolation,
you try to build a bigger “probe”.
So for example you can use all the
galaxies to trace the distribution of
matter or of gravity in a big area. These
spots of light, instead of informing us
about that object in particular, inform
us about the volume of the Universe
that we are seeing and the forces at
work. We believe if you “zoom out” of
the Universe far enough it is relatively

Left: Anna (right) as a youngster with her identical twin sister Elisa.
33

TEAMSKA
simple, that there are no special regions
in the Universe, and in particular we
don’t occupy any preferential position
in it. So if you view the Universe like
this, and think overall it is the same, we
can see observations as little samples of
what happens everywhere.

Right: Anna
giving a public
talk at the annual
Bluedot Festival,
a major science,
music and art
event that takes
place next door
to SKA Global
HQ at the historic
Jodrell Bank
Observatory.

Were you inspired by anyone in
particular on this route?
While I was studying, I really liked
Einstein’s General Relativity: the
methodology, the elegance of the
theory. When it was formulated, very
little of it could be tested. Einstein
himself referred to the theory he was
building as a gigantic house of cards,
built from a mathematical point of
view but with very little back up from
observations. Years later we have been
able to withstand a lot of tests. One
of the latest was in the detection of
gravitational waves and how the waves
should look. It so beautifully confirmed
his theory, and when things like that
happen I always think: “Yeah, go
Einstein! Still my favourite!”
How did you come to focus on radio
astronomy?
That came while working on various
projects, mainly the SKA, but before
that I worked a lot in the microwave
range, including for the Planck
collaboration. I consider myself a
cosmologist rather than a radio
astronomer.
Alongside your own research you’re
co-leading the work on the SKA’s
Science Data Challenge (SDC) 2.
What’s the aim of these challenges?
The challenges in general will train the
community for SKA data, which will be
different in many respects compared to
current data because the telescopes will
be bigger and more sensitive, and will
be able to reveal more of the sky. The
data size means we need to be able to
analyse a larger volume efficiently, so
we need automated tools.
Some people are a bit confused when
I tell them this challenge involves
preparing some “pretend” SKA data –

Far right: Anna
has performed
in bands and still
enjoys singing at
informal events.

Above: Anna’s work has taken her all over the world. Here she is (fifth from
left) in South Africa at the KAT-7 telescope.
simulations of what the SKA will deliver
– and asking people to analyse it as
if it was real SKA data, but this is not
uncommon in other fields. I used to be
involved in similar challenges during
my time with the Planck Collaboration
for instance. This was an important
part of our preparation. To take an
analogy, you wouldn’t ask a pilot to
land for the first time in a real plane
with passengers in the back. Of course
we’re not in a life or death situation, but
we still believe it’s really important to
provide this training for the community
to understand how to eventually get
the most out of the data, and for us
to understand what the astronomers
need in terms of software tools and
access. We have 40 teams from 23
countries taking part in this second
data challenge, with a great spread of
nationalities and collaboration between
different institutes.
It seems a career as an astronomer
is now about far more than just
maths and physics, with a need for
international collaboration, working
with different disciplines and so on.
Is that accurate?
This is quite typical now. Up to around
50 years ago the sort of instrumentation
that was at the forefront was typically

not very expensive, so a single
institute could build a telescope which
could discover something exciting
and new. Now it’s not the case; to
discover more and go further we need
something more spectacular in terms
of instrumentation, which comes with
a significant cost to design and build.
This calls for all the interested parties
around the world to come together
and combine their efforts and funding.
Such collaborations are more and more
common and are creating a shift in the
way of working. There’s also a push
for making results public and available
through open science to get maximum
return, so it’s less and less the image
we might have of people alone in their
study buried in statistics, working things
out all on their own.
Do you enjoy that aspect of it?
It can be at times a bit challenging, not
to just make a snap decision when your
gut tells you something. Every time you
have to communicate your ideas, but
overall it’s very beneficial. The amount
of good ideas that can come out of a
group of people is much larger than
the sum of the parts. If you’ve got a few
very good people in isolation, there’s
a limited amount of ideas they can
come up with; if you collaborate, then

THE AMOUNT OF GOOD IDEAS THAT CAN COME OUT
OF A GROUP OF PEOPLE IS MUCH LARGER THAN THE
SUM OF THE PARTS… IF YOU COLLABORATE, THEN THE
BEGINNING OF AN IDEA CAN BECOME A GREAT PLAN.
Dr Anna Bonaldi – SKAO Project Scientist
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the beginning of an idea can become
a great plan, because everyone
contributes to it. Not always, but when
it happens it’s really spectacular.
Do you see that happening in the
SKA?
Yes, for example the Science Data
Challenge 2 has gone much further
than my wildest dream. This is why
we’ve been involving other people,
each with enthusiasm, each with ideas.
It has brought so many dimensions to
it. In this case it was good to open the
gates a little bit, instead of keeping it
contained.
With all that in mind, what kind
of skills do you need to work in
astronomy these days, beyond maths
and physics?
This is a tough one! You need resilience
and determination, plus the ability
to work well in a team. At the same
time, you also need to be able to work
independently and to stand out.
You’ve been involved in outreach
efforts at SKAO – how important is
that in terms of building diversity,
one of the foundational values of
SKAO?
Outreach is important for this; the lack
of diversity that we can see in some
disciplines, a lot of it comes from some
cultural stereotypes, which can also be
different in different countries. If certain
work is seen as more of a “man’s job”
or a “woman’s job” it will at a relatively
early age have an impact and may lead
people to exclude a certain career
path. If you can promote that there are
indeed women in stereotypically male
jobs and vice versa, then we can turn
that perception around.

I don’t feel like women need to do
science to prove something, or that it is
more respectable or cooler than other
careers. But by promoting the diversity
of these figures, we can combat the
relatively artificial barriers and people
can feel free, and unashamed in some
cases, to choose what they want to
do and not feel strange or weird. Peer
pressure, especially at a young age,
is important unfortunately. SKAO can
play an important role here because it’s
so international, promoting diversity
and career opportunities across all its
member countries.
What’s the best thing about being
part of Team SKA for you?
I like that we are building something
concrete. My speciality is quite abstract,
which I love, but being able to combine
that with collaboratively getting
something built is really rewarding.
In research you might get a feeling
that you’re in a self-serving position: I
research what interests me, I publish
what interests me, and then I find more
things that interest me to publish.
Being part of something bigger ensures
that you’re doing something useful
other than feeding your own intellect.

Team SKA has lots of hidden talents,
and I hear you used to be in a band?
Tell us more…
Starting from my university period
I was in several bands, singing and
playing guitar, and did singing lessons.
I still enjoy doing it at home, once you
learn you don’t forget. My first band
was a rock band, then I did more pop
music for events, and I was also in an a
cappella choir.
Have you tried anything new, or
finessed any skills during these
repeated lockdowns?
I’ve done more baking, so there was
the moment of the muffin, and I’ve
learned to do a decent pizza, being an
Italian. By doing it regularly and having
my two sons involved – who really know
their pizza – now it’s a pretty good one!
Team SKA
In each issue of Contact, we’ll get
to know one of the many talented
people contributing to the SKA,
hearing about their work, how they
got here and their advice for the
next generation.

Your days are clearly packed with
SKA work, but what do you do in any
free time?
I usually wind down with some sport.
During the pandemic I have become
an aficionado of yoga at home in my
pyjamas, which still works! It is relaxing
too so it’s been good for both physical
and mental health. In fact SKAO has
weekly online yoga classes run by one
of our own engineers who is a qualified
yoga instructor. I think I’ve done more
exercise and am now fitter than I was
before!

All images courtesy of Dr Anna Bonaldi.
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EVENTS

COUNTDOWN TO THE 2021
SKA SCIENCE CONFERENCE

EAST ASIAN SKA SCIENCE
WORKSHOP 2021
BY DR TAKUYA AKAHORI (SCIENTIFIC
ORGANISING COMMITTEE CHAIR,
NAOJ/ SKAO)

BY SKAO
Excitement is building for the 2021 SKA Science Meeting, “A precursor view of the SKA sky” taking place
from 15-19 March. More than 900 participants from across the SKA community will gather online to hear the
latest results from pathfinder instruments around the globe, covering the full range of SKA science.
It’s two years since the last SKA Science Meeting, and this
time around there were over 400 abstracts submitted for
consideration, reflecting the great enthusiasm and vibrancy
of the research community. These abstracts have now
been whittled down into a programme of proceedings,
with 82 plenary talks and over 100 splinter talks.
“It’s a great opportunity to hear about all the wonderful
science that has been produced thanks to the SKA precursor
and pathfinder instruments, in a special year for us which has
seen the birth of the SKA Observatory,” says SKAO Project
Scientist Dr Anna Bonaldi, part of the Scientific Organising
Committee. “This is the first fully virtual event from SKAO,
which will allow a much bigger participation, both in terms of
the number of attendees and where they are in the world.”
The plenary sessions will be run twice, 12 hours apart, in
order to accommodate participants in all time zones. Poster

sessions will also be held using Gather.town, a 2D world
allowing participants to walk around a poster hall using an
avatar, and interact with the presenter and other participants
alike by video and audio.
“After a year in which we couldn’t travel much and
interaction has been somewhat restricted, I’m looking
forward to this opportunity to connect with our science
community, which is so broad, to hear about all the work
they have been doing,” Dr Bonaldi adds.
All are welcome to register for the event; registration will
remain open throughout the conference, costing £40 (or £20
for students) to cover the cost of the online events platform
as well as technical and logistical support. SKAO looks
forward to seeing you there!

INDO-FRENCH MEETING FOR THE
PROMOTION OF ADVANCED
RESEARCH, DIVERSITY AND
INCLUSION IN MULTIWAVELENGTH
ASTRONOMY
BY DR MAMTA POMMIER (UNIVERSITY OF LYON)
A virtual astronomy meeting bringing together the French, Indian, and international collaboration scientific communities
will take place on 22-26 March 2021.
The conference aims to address major science goals around
the topic of the Galactic and extragalactic universe in the
era of new-generation radio and optical/infrared facilities
using the SKA, uGMRT, LOFAR, MSE, MUSE, ASTROSAT,
TMT, LSST, and various upcoming facilities, and bring the
communities together to foster collaborations.
The conference also aims to highlight the support activities
being carried out by the International Astronomical Union,
National Astronomical societies, and funding agencies
to support women’s careers in Astronomy, STEM, and
Outreach. Talks on this topic will be given by prestigious
scientists, including Dr Jocelyn Bell Burnell and Chair of the
SKAO Council Dr Catherine Cesarsky.
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The event is supported by the Indo-French Centre for the
Promotion of Advanced Research (IFCPAR/CEFIPRA), a
bilateral organisation set up by the Indian Department of
Science and Technology (DST) and the French Ministry
for Europe & Foreign Affairs to enhance international
collaborative research in the field of Science and Technology,
and is part of celebrations marking the 50-year anniversary
of the Indian Department of Science and Technology and the
Indian Institute of Astrophysics, Bangalore-India.
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We are pleased to announce the next East Asian
SKA Science Workshop will be hosted virtually by
the National Astronomical Observatory of Japan and
Kagoshima University on 26-28 May 2021, bringing
together researchers from China, Japan, South Korea
and beyond to advance SKA-related activities in the
region. We encourage researchers from all over the
world to join the conference, which aims to build
relationships and spark future collaborations.
The workshop will feature invited speakers discussing
both the SKA itself and SKA precursor/pathfinder
activities, scientific review talks, poster presentations and
breakout discussions. The main talks will take place on
Zoom, with a Slack workspace for poster presentations
and discussion.
Many East Asian researchers are participating in the SKA
precursor/pathfinder projects, and two SKA pathfinders
are located in the region: FAST in China and VERA in
Japan. Over the past 10 years a number of SKA science
workshops have been held, most recently the 2019 SKA
engineering conference in Shanghai, China. Through the workshops, we learned about each other’s scientific interests and
looked for new collaborations and synergies. Our discussions became the first step to think about the SKA Regional Centres
(SRCs) in East Asia, as well as being a great opportunity for young researchers to develop their skills in a conference setting.
In the last workshop, we also invited key researchers from Australia, and our intention is to gradually expand from East Asia to
Asia Pacific.
Registration will be open from 31 March – 12 May 2021, with a deadline of 28 April for presentation applications. Keep an eye
on the conference website for further updates.

LOFAR COMMUNITY READIES
FOR SIXTH DATA SCHOOL
BY MARCO IACOBELLI (ASTRON)
The Netherlands Institute for Radio Astronomy (ASTRON) is gearing up to host the sixth LOFAR Data School as a fully
virtual event on 22-26 March 2021.
The aim of the School is to introduce the LOFAR system
to new members of the LOFAR community, and present
the analysis techniques for processing both interferometric
and high time resolution beamformed LOFAR data. While
registration is now closed, the slides from the lectures and
tutorials will be made available on the School website a
couple of weeks after the event, so watch out for them!
The programme will comprise lectures and demos covering
the many aspects of the LOFAR system, from the capabilities
of the basic station hardware to the software pipelines and
their science-ready products. These will be presented by
members of the LOFAR project team and by staff from the

many institutions involved in the collaboration. Attendees will
be able to do some hands-on data processing, too.
Around 100 students, postdocs and staff from all over the
world will be joining us for the virtual event, but with a large
proportion from International LOFAR Telescope (ILT) member
countries. As has become the norm for many events now,
lectures and demos will take place via Zoom, and Slack will
be used as a forum for interaction and networking between
the participants and lecturers. The participants will also have
the chance to learn about future developments of LOFAR
and how the scientific capabilities of the instrument will
complement those of SKA-Low in the coming decade.
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NEWS
A BRIEF RECAP OF THE BIG STORIES COVERED BY THE SKA COMMS TEAM IN RECENT MONTHS.
The news cycle has been non-stop for SKAO in the first
Hot on the heels of that news came the signature of
few months of 2021. First came the announcement on
the treaty-level Headquarters Agreement between
15 January that the SKAO Convention had officially
the UK government and SKAO, which enables the
entered into force, giving SKAO its birthday and kicking
Observatory to establish and operate its premises
off preparations for its first Council meeting.
as well as efficiently function in the country.
That first meeting of the SKAO Council was held virtually
on 4 February. It marked the launch of SKAO as an
intergovernmental organisation, only the second in the
world dedicated to astronomy after the European Southern
Observatory (ESO). Among the first tasks of the Council
was to appoint a new SKAO Council Chairperson, Dr
Catherine Cesarsky, and SKAO Director-General, Prof.
Philip Diamond (hear from both of them on page 22).

And after years of work, SKAO published its Construction
Proposal for the SKA telescopes and its Observatory
Establishment and Delivery Plan. The hefty documents,
which together with an Executive Summary total
some 500 pages, received the endorsement of the
SKAO Council in February as the basis for planning
construction. Formal construction approval is expected
to be granted by the Council in the coming months.

SKA JOBS
As we ramp up towards start of construction in the next few months, we will be recruiting UK HQ based staff in
Procurement, Finance, Communications, IT, Health & Safety and Engineering roles. We are also starting to recruit for some
roles to be based in Australia and South Africa. Some of those roles will be employed through our partners CSIRO and
SARAO. Make sure to register on our recruitment website to receive alerts.

NEWS FROM AROUND THE WEB
BBC

FUTURA SCIENCES

OPERATIONS SCIENTIST /SAFE® PRODUCT MANAGER

Square Kilometre Array: ‘Lift-off’ for world’s biggest
telescope -On the occasion of the first SKAO Council
meeting, the BBC speaks to SKAO Director-General
Prof. Philip Diamond about the road ahead.

La France rejoint « le plus grand instrument de
recherche en radioastronomie – For French speakers,
news that France has announced it intends to seek
membership of SKAO after many years of contributing
to SKA science, engineering and governance.

The SKA Operations Group is seeking to employ a talented and motivated person to act as a Product Manager to support
and guide the software development for the construction of the SKA telescopes. As a large and globally distributed
project, the software is being developed by many teams across different time zones from outside of the SKA Observatory.
Deadline: 02/04/2021
Apply here

LA VANGUARDIA

MECHANICAL ENGINEER

Dozens of news articles around the world were published
following SKAO’s official launch on 4 February, along
with hundreds of social media posts from the media,
governments, partner organisations, science influencers
and many others. A non-exhaustive list can be found here.
FORBES
Explained: Why The World’s Biggest Telescope
Will Span Two Countries, 131,072 Antennas And
197 Dishes – Forbes magazine provides a neat
overview of radio astronomy, the SKA and what it
will mean for science in the decades to come.

CARTOON CORNER

Constituyen el observatorio SKAO, el mayor observatorio
de radioastronomía – For Spanish speakers, La Vanguardia
reports on Spain’s commitment to participate in
SKAO and the telescopes’ construction, including an
investment of 41.4 million euros over the next 10 years.

MANAGEMENT ACCOUNTANT

THE CONVERSATION
Silence please! Why radio astronomers need things
quiet in the middle of a WA desert – CSIRO’s Kate
Chow, Research Scientist for the Square Kilometre
Array (SKA) Site & Infrastructure team in Australia,
explains the importance of the radio quiet zone for
the SKA and its precursors in Western Australia.

Celebrating the contribution of women in
science & engineering
Last year, American mathematician Katherine
Johnson passed away at the age of 101.
Portrayed in the hugely popular film Hidden
Figures, her calculations of orbital mechanics
as a NASA employee were critical to the
success of the first and subsequent U.S. crewed
spaceflights. During her 35-year career at NASA
and its predecessor, she earned a reputation
for mastering complex manual calculations and
helped pioneer the use of computers to perform
the tasks. The space agency noted her “historical
role as one of the first African-American women
to work as a NASA scientist.” You can read more
about her life here. Credit: Steve Breen, The San
Diego Union-Tribune, Creators.com
Hot on the heels of International Women’s Day
(8 March), we take this opportunity to honour
Katherine Johnson’s legacy, and celebrate the
role of all our SKA colleagues in helping make our
own giant leap possible as we prepare to embark
on the construction of the SKA telescopes.
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Role based in South Africa
A unique opportunity for a mechanical engineer with experience in design, integration and verification of large precision
motion systems and structure to support the delivery of a ground-breaking scientific facility.
Deadline: 26/03/2021
Apply here

C O N TA C T | M A R C H 2 0 21

An amazing opportunity for a qualified or near-qualified management accountant who enjoys developing and maintaining
highly complex spreadsheets while supporting the Finance Manager with business-as-usual activities.
Deadline: 18/03/2021
Apply here
COMMUNICATIONS DEPARTMENT
Upcoming job opportunities in the next few weeks include Communications Leads (one based in Australia, one based
in South Africa), and a Media Manager (based at the HQ). More information about these roles will be posted on our
recruitment website.

PARTNER INSTITUTE JOBS
CSIRO SKA/MRO - STATION MANAGER - BOOLARDY (MURCHISON RADIO-ASTRONOMY OBSERVATORY –
MRO)
The Station Manager lives on-site at the Boolardy Station Homestead and works closely with the Murchison Radio-astronomy
Observatory (MRO) Site Entity Leader and other managers in CSIRO. Liaising closely with key stakeholder communities,
the successful candidate will deliver land management activities at the MRO, ensuring the onsite needs of CSIRO and the
Australian Government are met. In particular, this involves care, rehabilitation and management of the MRO (Boolardy
Station) and includes “hands-on” maintenance and pastoral station related activities.
Deadline: 14/03/2021
Apply Here

POSITIONS AT THE INSTITUTO ASTROFÍSICA ANDALUCÍA (IAA) (CSIC)
Project Scientist – This is a job for radio-astronomers both active in their own research and passionate about different areas of
Astrophysics in which the SKA will have an impact.
Apply Here
Radio astronomer postdoctoral – This is a position for a radio astronomer with experience in science archives and services for
their exploitation, user support, and analysis of radiointerferometric data.
Apply Here
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About the SKA
The Square Kilometre Array (SKA) Organisation leads
an international effort to build the world’s largest radio
telescope. The SKA will be constructed in Australia
and South Africa with a later expansion in both
countries and into other African countries. Its global
headquarters is located at Jodrell Bank in the UK.
The SKA will conduct transformational science
and help to address fundamental gaps in
our understanding of the Universe including
the formation and evolution of galaxies,
fundamental physics in extreme environments
and the origins of life in the Universe.
Front cover: One Observatory, two telescopes,
three sites - composite image of the SKA sites,
bringing together the Global Headquarters in the
UK, and artist’s impressions of the SKA telescope
sites in South Africa (left) and Australia (right).

For printed versions
Hyperlinks: Contact is
produced primarily as a
digital magazine. If you are
reading a print copy, use the
QR code to read this and
other issues of Contact online
and access the hyperlinks.

