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Artist impressions of the SKA-Mid (Karoo, South Africa) and SKA-Low (Murchison,
Western Australia) telescopes. Credit: SKA Organisation

Dear Friends and Colleagues,
This, the 5th edition of the SKA magazine
Contact, provides a fascinating range of
stories from across the SKA universe, reporting
on the exciting things that are happening. I
particularly draw your attention to the article on
the ventilator development by our colleagues
from the South African Radio Astronomy
Observatory, a particularly impressive and
timely application of engineering skills diverted
from radio astronomy. We also have an article
remembering our colleague from India, Govind
Swarup, who sadly passed away a few days
ago at the age of 91; he will be sorely missed.

On a final note, it is concerning that we are
seeing an increase in coronavirus infections
in European countries, and that the virus
is still causing major problems in other
partner countries. It is clear that the world
has many more months of disruption caused
by the pandemic. I sincerely hope that
you, your families, friends and colleagues
remain safe in these difficult times.
Prof. Philip Diamond, SKA Director-General

Just a few days ago, on 4th September,
we submitted to the SKA Organisation
Board two key documents. These were, as I
mentioned in Contact #4, the Construction
Proposal and its sibling, the Observatory
Establishment and Delivery Plan. These
detailed documents, exceeding 500 pages,
contain the case for the approval of the
funding of SKA Phase 1 construction and the
first 10 years of operational activities. They
are the culmination of years of work by the
worldwide SKA partnership and I could not
be more proud of the whole team for the
effort and professionalism shown in preparing
these documents. The intent is that the
Board, which has overseen this process since
the establishment of SKA Organisation, will
endorse the documents and pass them on
to the SKA Observatory Council, once it has
been formed, for approval and funding.
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IN BRIEF

SKAO SIGNS HPC
AGREEMENT WITH CERN,
GÉANT AND PRACE

CANADIAN ASTRONOMY
COMMUNITY
PRIORITISES SKA IN
10-YEAR PLAN

BY SKAO
In July, the SKA Organisation signed a Cooperation Agreement with CERN, the European Organization for Nuclear
Research; GÉANT, the pan-European network and services provider for research and education; and PRACE, the
Partnership for Advanced Computing in Europe.
The agreement aims to help the organisations overcome
challenges related to the use of high-performance computing
(HPC) to support large, data-intensive science projects.
The collaboration will see the organisations work together to
help realise the full potential of the coming new generation
of HPC technology. During an initial period of 18 months, the
collaboration will develop a benchmarking test suite and a
series of common pilot ‘demonstrator’ systems.

“With the sheer quantity of data that will flow from the
SKA antennas towards two supercomputing centres, one
in Australia and one in South Africa, developments in
high-performance computing and high-speed networks
will be key for the SKA Observatory,” says Professor Philip
Diamond, SKA Director-General.
“The value of this collaboration was demonstrated by the
recently concluded H2020 AENEAS project,” adds Dr Chiara
Ferrari, SKA-France Director and Chair of the Advanced
European Network of E-Infrastructures for Astronomy with
the SKA (AENEAS) General Assembly. “Working with such
leading organisations is of paramount importance to identify
optimised solutions for the future world-wide network of
SKA Regional Centres.”
In addition, the four organisations will work together to establish
a training programme to help researchers make the most of the
new computing architectures that are becoming available.
Read the press release here.
Eckhard Elsen (top left), Director for Research and Computing
at CERN; Philip Diamond (top right), SKA Director-General;
Erik Huizer (bottom left), Chief Executive Officer of GÉANT;
and Philippe Lavocat (bottom right), PRACE Council ViceChair, signed the agreement for the new collaboration.

NEW SKA SOFTWARE
DEVELOPMENT TEAM FORGES
LINKS WITH UK INDUSTRY
BY HILARY KAY AND MIKE PEARSON (THE UNIVERSITY OF MANCHESTER)
The UK Science and Technology Facilities Council (STFC), part of UK Research and Innovation (UKRI), has awarded
additional funding to a joint academia-industry team tasked with developing prototype software for the SKA-Low
telescope’s Monitor, Control and Calibration Subsystem (MCCS). The work will cover all 512 field stations, receivers
and first-beamforming equipment for SKA-Low.
The funding is supporting the engagement of two software
engineers from UK industry. As a result, two companies,
Observatory Sciences (developers of control software for
large science systems and instruments) and ITDev (suppliers
of software and electronic engineering services) have each
contributed an additional software engineer since June 2020.
“This has provided an excellent opportunity for the two
companies to engage with the SKA project, gaining
new expertise across several domains and trialling
the procurement practices that will be used during
construction,” says George Madden, STFC Programme Lead
for the SKA. “The collective expertise of the new team will
ensure the MCCS is a success.”
The team was formed in February under the Safe Agile
Framework (SAFe) which the SKA Organisation has
4
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implemented for software teams. Comprising software
engineers from The University of Manchester, including
Deputy Scrum Master Ralph Braddock, the STFC Daresbury
Laboratory and Australia’s Commonwealth Scientific and
Industrial Research Organisation (CSIRO), the group quickly
added significant development value despite being half a
world apart.
Exploiting a wealth of software development expertise,
the colleagues have been tasked with creating a top-tobottom implementation of MCCS capable of interfacing with
prototype hardware. Their success is built upon experience
of implementing the Tango Controls Framework, a toolkit for
the creation of control and monitoring software, used across
the SKA Telescope Manager system.

C O N TA C T | S E P T E M B E R 2 0 2 0

BY SKAO
The SKA has been placed at the forefront of Canadian astronomers’ priorities for the next decade in the Canadian
Astronomical Society’s Long Range Plan (LRP) 2020 that will be soon released.
The LRP reviews the field of astronomy and astrophysics in
Canada and makes a series of recommendations aimed at
stakeholders including government, professional astronomy
organisations, universities and individuals. It serves as a
unified vision for how the national astronomy community
would like to see investment prioritised in Canada over the
next decade.
The SKA has featured prominently in previous decadal
reviews, and in the next 10 years, participation in SKA
construction and operations is highlighted as a major
investment priority for the astronomical community.
“Participation in the SKA enables a broad cross-section
of professional Canadian astronomers to maintain their
leadership roles on the global astronomy stage in areas like
pulsars, transients, cosmic magnetism and low-frequency
cosmology, by having access to an instrument that allows
them to carry out world-class research,” says Prof. Kristine
Spekkens, Canadian Science Director in the SKA Board.

From a technology angle, Canada has a long history of
developing cutting-edge correlators - very specialised
supercomputers that combine telescope signals to produce
sky images - and led the SKA’s Central Signal Processor
design consortium and the correlator design for the SKA-Mid
telescope in South Africa.
“SKA technology development has all sorts of industrial
benefits for Canada, so in addition to the science aspect,
participation in the SKA enables return on investment via
innovative technological contributions. It’s a model that
benefits Canadians when our government makes large
investments in science and technology,” Prof. Spekkens adds.
“The ambition of the Canadian community is also to host
an SKA Regional Centre, one of a global network of high
performance computing centres which will process, store
and provide access to SKA data. That feeds very nicely into
the digital economy that many countries, including Canada,
are looking to develop.”

TEAMS ASKED TO REGISTER
INTEREST FOR SCIENCE
DATA CHALLENGE 2
BY SKAO SCIENCE TEAM
The SKAO Science team is asking researchers to register
their interest in taking part in the SKA Science Data
Challenge 2.
Before doing so, teams are invited to first download a
sample HI data cube to play with and get a feel for what the
challenge will require.

A new SKA Science Data Challenge website is now live, so
teams can begin to register interest. The site will also have
news updates and a chat forum for those taking part in the
challenge, which is due to launch towards the end of the year.

The data cube is a series of stacked radio images, each
reflecting a different frequency. It will include galaxies up to
a redshift of 0.5 – that’s a distance of around 4 billion light
years. Teams will use their own software analysis tools to
identify the radio sources, and to determine things like how
fast the galaxy rotates, and how much mass it must contain.
“Once the challenge officially starts, teams will access a
much bigger version of the dataset via our partner highperformance computing centres,” says Dr Philippa Hartley,
SKA Postdoctoral Fellow who is co-leading work on the
challenge.“ Each team will have an account at one of the
data centres, and as we’re talking about 1 TB of data in this
challenge, it’s important we get an idea of how many teams
want to take part so we can prepare the right amount of
computing resources for them.”

The simulated data cube features nearly a quarter of a million
galaxies, and represents an SKA observation of neutral
hydrogen emission. Credit: Dr Philippa Hartley
5
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IN BRIEF

PULSAR TIMING WITH
THE NANÇAY RADIO
TELESCOPE CONFIRMS THE
UNIVERSALITY OF FREE FALL
In June, researchers published the most accurate confirmation to date of one of the cornerstones of Einstein’s theory of
general relativity: the universality of free fall.

Pulsar PSR J0337+1715 is a neutron star orbiting with two
white-dwarf stars which have a much weaker gravity field.
Spinning with a period of only 3ms, it emits a beam of radio
waves which, like a galactic beacon, sweeps across space.
Each turn creates a flash of radio light.
As the pulsar moves on its orbit, the light arrival
time at Earth is shifted. NRT’s state-of-the-art timing

BY CSIRO AND ICRAR
CSIRO astronomer Dr Karen Lee-Waddell has been appointed as the first Director of the Australian SKA Regional Centre (AusSRC).

BY MAISON SKA-FRANCE

The team, including scientists from Paris
Observatory (part of PSL – Paris
Science and Lettres University),
the French CNRS and its Space
& Environment Physics and
Chemistry Laboratory (LPC2E Laboratoire de Physique et de
Chimie de l’Environnement
et de l’Espace), The
University of Manchester
and Max Planck Institute for
Radioastronomy, analysed
pulsar signals recorded by
the Nançay Radio Telescope
(NRT) in central France. Nançay
Observatory is home to two SKA
pathfinders: the low-frequency
telescope NenuFAR, and a station of
the international LOFAR telescope.

FIRST AUSTRALIAN
SKA REGIONAL CENTRE
DIRECTOR APPOINTED

instrumentation and mathematical modelling – down to a
nanosecond accuracy – of these arrival times allow scientists
to infer with exquisite precision the star’s motion.

In her new role, Karen will lead the Australian effort to design
and build computing and data intensive research capability
that will support astronomers using the Australian SKA
precursor telescopes ASKAP and the MWA and eventually
the SKA.

The unique configuration of the system, in which the white
dwarfs “fall” (orbit) towards the pulsar allowed a stellar
version of Galileo’s famous experiment from Pisa’s tower to
be performed: two bodies of different compositions fall with
the same acceleration in the gravitational field of a third one
(the Earth for Galileo, the pulsar in this case).
“The team demonstrated that the extreme gravity field of
the pulsar cannot differ by more than 1.8 part per million
(with a confidence level of 95%) from the prediction of
general relativity,” explains Dr Gilles Theureau of Paris
Observatory, Nançay Observatory and LPC2E. “This is the
most accurate confirmation that the universality of free fall is
valid even in the presence of an object whose mass is largely
due to its own gravity field.”
The SKA telescopes plan to test Einstein’s theory even
further, providing strongfield tests of gravity using very
massive objects such as neutron stars and black holes.

DR KAREN LEE-WADDELL, NEW DIRECTOR OF
THE AUSSRC. CREDIT: CSIRO

Karen has been
working as part of
the ASKAP team for
the past five years,
helping to develop
and enhance the
telescope and its
processing software.
She is also currently
the Project Scientist
for the WALLABY
survey science
team, coordinating
a collaboration of
150 international
researchers
and playing an
instrumental role
in producing new
science results.

Karen is taking up her new position on the 21st of
September, based in Perth at the International Centre for
Radio Astronomy Research (ICRAR) and CSIRO.
The AusSRC will be part of an international network of
SKA Regional Centres that will come online this decade to
support the global flow of data and processing needed for
the full SKA Observatory.
The AusSRC is funded by the Australian Government,
CSIRO and ICRAR. The Centre is led by ICRAR and CSIRO in
collaboration with the Pawsey Supercomputing Centre, the
MWA, the Shanghai Astronomical Observatory, Astronomy
Australia Limited, and the international SKA Regional Centre
Steering Committee.
For more information on the AusSRC visit aussrc.org.
The AusSRC Design Study Program also recently
undertook a survey of the radio astronomy data
user community in Australia for the purposes of
obtaining feedback to inform the development
of the AusSRC. The results as well as conclusions
and future actions obtained from the survey
are detailed in the report available online.

Read more here.
Top left: The triple system, composed of pulsar PSR
J0337+1715 and two white dwarfs, one nearby and the other
further away. Credit G. Voisin CC-BY-SA 4.0

CHINESE SRC PROTOTYPE
AWARDED ASTRONOMY
PRIZE
BY SKA CHINA OFFICE
The construction of the world’s first SKA Regional Centre (SRC) prototype, led by the Shanghai Astronomical Observatory of
the Chinese Academy of Sciences, was recognised as one of the top 10 advances in astronomical science and technology in
2019 by the Chinese Astronomical Society.
The Chinese SRC prototype won second place in the
category Technology, Equipment Development and
Engineering Progress of this annual award for outstanding
astronomical achievements in China. The Chinese SRC
prototype was first released at the 2019 SKA Engineering
meeting and gained global attention.

Nançay Radio Telescope has observed the pulsar intensively since its discovery in 2012. Nançay Observatory is home to two
SKA pathfinders: the low-frequency telescope NenuFAR, and a station of the international LOFAR telescope.
Credit: Letourneur and Nançay Observatory
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Aiming to promote scientific research and stimulate technical
developments in the astronomy field, and enlarge the
widespread impact of the astronomical discipline, the award

invites senior researchers to vote online and commends the
top 10 most voted applications. The results of this year’s
award were published in May.
As one of the stakeholders of the SKA, Shanghai
Astronomical Observatory organises scientists to deeply
participate in the SKA science preparation and regional
centre prototype construction. The Chinese SKA team will
continue to take international responsibilities and be actively
involved in the international collaborative activities.
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IN BRIEF

SARAO LAUNCHES
E-LEARNING PLATFORM
FOR RADIO ASTRONOMY
The South African Radio Astronomy Observatory (SARAO)
has launched an e-learning platform offering online
teaching and training resources in radio astronomy.
The aim is to support the growing community of students
and young researchers undertaking research in astronomy at
universities in South Africa and the eight SKA African partner
countries – Botswana, Ghana, Kenya, Madagascar, Mauritius,
Mozambique, Namibia and Zambia - by developing their
skills and enabling them to participate in research with the
MeerKAT telescope, and other international radio astronomy
facilities.

CELEBRATING INDIGENOUS
CULTURE AROUND THE
AUSTRALIAN SKA SITE
BY LEONIE BODDINGTON – CSIRO ABORIGINAL LIAISON OFFICER
Events of all kinds have been cancelled this year, so we were excited to receive an invitation to join the local Pia Wadjarri
Remote Community School event to mark NAIDOC Day.
NAIDOC stands for National Aborigines and Islanders Day
Observance Committee. NAIDOC Week celebrates the
history, culture and achievements of Aboriginal and Torres
Strait Islander peoples across Australia. The theme for this
year’s celebrations is ‘Always Was, Always Will Be’, which
recognises that First Nations people have occupied and
cared for Australia for more than 65,000 years.
Pia Community is an Aboriginal community located in the
Murchison region of Western Australia, just south of the
Murchison Radio-astronomy Observatory (MRO) where the
SKA will be located. The Pia Wadjarri Remote Community
School is small, but it caters for students from kindergarten
to high school. It was nice to get an invite to attend this
special event at Pia Wadjarri so we could farewell Aunty
Julie Ryan, who is retiring after working at the School for
13 years.

The children out at Pia are so lucky to have a school in their
community. When I was young I was sent away to a Mission
to attend school, and at the time School of the Air was
available, just not available for Aboriginal children.
Today NAIDOC Week is increasingly marked around the
country to celebrate our long history. This year NAIDOC
Week will take place on 8-15 November. Wherever you are
in the world, join us online and listen to our stories that have
been told and retold around campfires!
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The launch of the e-learning platform coincides with the
current larger global move to online learning, mainly as a
result of the COVID-19 pandemic.
“It is the opportune time to provide this service to the
South African and African radio astronomy students, given
the escalated need for teaching resources which students
can access remotely,” says Dr Bonita de Swardt, SARAO
Programme Manager: Strategic Partnerships for Human
Capacity Development. “In these unprecedented times,
it is crucial for students to exercise self-learning, and to
take ownership of their learning using online educational
platforms.”
The SARAO e-learning platform is available here.

IT IS THE OPPORTUNE TIME TO PROVIDE THIS
SERVICE TO THE SOUTH AFRICAN AND AFRICAN
RADIO ASTRONOMY STUDENTS, GIVEN THE
ESCALATED NEED FOR TEACHING RESOURCES
WHICH STUDENTS CAN ACCESS REMOTELY.
Dr Bonita de Swardt, SARAO Programme Manager: Strategic Partnerships for Human Capacity Development.

Map of the SKA
African partner
countries Botswana,
Ghana, Kenya,
Madagascar,
Mauritius,
Mozambique, Namibia
and Zambia as well
as South Africa who
will benefit from the
platform. Credit:
SARAO

We took along some traditional food, made by MRO
Apprentice Chef, Shaina Danischewsky, who is a Wajarri
woman. We donated plants to the School’s new ‘Bush
Tucker’ (native bushfood) garden, which was officially
opened by Aunty Julie, and MRO Site Leader, Brett Hiscock,
enjoyed presenting a young student with an award for
Science.

8

The knowledge acquired by students at the School is
then taken back to their home institutions and promotes
future participation of young researchers in scientific

An e-seminar series of public talks will also be facilitated
on the platform focusing on developments increasing the
radio astronomy footprint on the African continent through
scientific, technical and human capital advancements.

Watch the video produced by the ABC

After a Welcome to Country by Wajarri Elder Len Merry,
we saw the unveiling of a new Wadjarri Warrior Statue
named “Idawarra” or Irrawarra. This is the Wadjarri name
for Mt Murchison.

Above: Aunty Julie Ryan plants a Soap Bush. Credit Brett
Hiscock

The platform provides material on various radio astronomy
related topics, including the fundamentals of radio
interferometry and software tools for radio astronomy, for
example GitHub for Astronomers, as well as hosting online
workshops and schools, such as the annual African Radio
Interferometry Winter School.

research projects with MeerKAT and other radio astronomy
telescopes.

The new Wadjarri Warrior Statue was unveiled near the Pia
Wadjarri Remote Community School. Credit: ABC Australia
C O N TA C T | S E P T E M B E R 2 0 2 0
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FIGHTING
CORONAVIRUS
WITH RADIO
ASTRONOMY
SKILLS
In April, as the COVID-19 pandemic reached South Africa, the
South African Department of Trade, Industry and Competition
tasked the South African Radio Astronomy Observatory (SARAO)
with managing the national effort required for the local design,
development, production and procurement of respiratory
ventilators, in anticipation of a winter surge in cases in the
country and to ensure a national supply of ventilators rather than
depending on international markets.
After a call inviting companies and experts from across the
country to participate, four companies were contracted to
produce the Continuous Positive Airway Pressure (CPAP)
ventilators, all working under the banner of the National
Ventilator Project.
“The benefit of CPAP machines is that they provide a nearly
continuous flow and mild overpressure of respiratory gas (air/
oxygen mix) via a mask and are therefore non-invasive, meaning
patients don’t need to be intubated and heavily sedated,”
explains Willem Esterhuyse, Project Manager of the National
Ventilator Project.
As prototypes were being developed, distribution plans were
put in place with the Department of Health to make sure the
ventilators went where they were needed the most and the
working prototypes were vetted by SAPHRA, the South African
Health Products Regulatory Authority, to make sure they met
stringent health and safety standards.
Production is now progressing well, with nearly half of the
envisaged 20,000 units already having been distributed to various
public hospitals across the country.
“This is a great example of how skills used to deliver radio
telescopes - skills such as project management, systems
engineering or indeed all types of engineering - can benefit
society in substantial and immediate ways,” added Mr
Esterhuyse.
Images credit: SARAO
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LET’S TALK ABOUT
each other as a result.
Indirect confirmation of that
came in the 1970s and 80s
when Joseph Taylor Jr and
Russell Hulse discovered
the first binary pulsar – an
extremely dense spinning
“dead” star and another
similarly sized object orbiting
each other. Testing Einstein’s
theory, they found that the
orbit was indeed tightening.
If you like your science with a
healthy side portion of Nobel
Prizes, you’re in the right
place: Taylor Jr and Hulse
were awarded the 1993 Prize
for Physics for their discovery.

LET’S TALK ABOUT...
GRAVITATIONAL WAVES
BY CASSANDRA CAVALLARO (SKAO)
Earlier this month, a team of physicists announced they had detected the most massive and most distant black hole
collision ever recorded. This violent event created an intermediate mass black hole, something never directly observed
before. It happened seven billion years ago, but was detected on Earth thanks to the resulting gravitational waves.
Ask any astronomer about the biggest
physics discoveries of recent times
and there’s one moment that is sure
to be included: the first detection
of gravitational waves – so called
“ripples” in the fabric of the Universe
– in 2015.
Achieved by the ground-breaking
Laser Interferometer Gravitationalwave Observatory (LIGO), this was the
first in a string of breakthroughs in the
field, and won LIGO’s co-founders the
2017 Nobel Prize for Physics.
“Gravitational waves are ripples
in space-time, propagating at the
speed of light. They are caused by
cataclysmic events which release
huge amounts of energy – things
like a supernova explosion, or black
holes merging,” explains Assistant
Prof. Lijing Shao of Peking University,
a member of the SKA’s Gravitational
Waves Science Working Group. “Their
arrival causes spacetime to distort and
oscillate, making clocks change ticking
rate and rulers change length scale.”
Wait… what? This is where things get a
bit mind-boggling.
The fabric of our Universe isn’t like a
flat sheet; it has distortions, or curves,
caused by the mass of planets, stars

12
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and other objects. These curves in turn
affect how matter moves through the
Universe, which we perceive as gravity.
The curvature involves time as well,
a phenomenon depicted in science
fiction films like Interstellar which show
the gravitational effect of massive
bodies like black holes
slowing down time for
anybody nearby.

Albert Einstein predicted the existence
of gravitational waves in his 1915
General Theory of Relativity. He said
two objects moving relatively to each
other (such as two stars orbiting each
other) would lose energy through
gravitational waves, getting closer to

While gravitational
waves are just passing
through, they still
create a blink-andyou’ll-miss-it distortion
in space-time. Their
effects are tiny overall,
but they are detectable
on Earth, as both LIGO
and the European Virgo
instruments (shortly
joined by the Japanese
KAGRA detector)
proved. More on that in a
moment.

by objects (infrared, radio,
optical light and so on),
whereas gravitational
waves affect the underlying
structure of the Universe.

KEY MOMENTS
1915: Albert Einstein publishes his General
Theory of Relativity, which predicts the
existence of gravitational waves.
September 2015: LIGO makes history by detecting
gravitational waves caused by two black holes colliding.
December 2015: ESA launches the LISA
pathfinder to test the technology required for a
space-based gravitational wave detector.
August 2017: First ever detection of gravitational waves
caused by the massive explosive power of two neutron
stars colliding, made jointly by LIGO and Virgo. For
the first time, radio telescopes including many SKA
pathfinders such as the VLA, India’s GMRT and thenunder construction MeerKAT, detect the electromagnetic
counterpart to the gravitational wave event.

“Gravitational waves
represent an extremely useful
tool to dig deeper into our
Universe because they stem
from many violent events
which are hardly detectable
for traditional telescopes,”
Lijing says. “By carrying the
signature of these events, the
waves tell us fundamental
processes and principles
behind them, revealing new
objects and phenomena
that could not otherwise be
observed.”

Now we come to LIGO’s
June 2020: Gravitational waves detected by the LIGOhistory-making direct
Virgo collaboration reveal a completely new object:
detection of gravitational
The first gravitational wave
something in the “mass gap” between the most massive
waves, and here we need
detection in 2015 was
to wind the clock back even
noteworthy not only for the
neutron star, and the smallest black hole ever observed.
further: 1.3 billion years.
detection itself; the source,
In a galaxy far, far away,
two black holes colliding, had
two stellar-mass black
been predicted but never
For LIGO, that ruler is a laser beam
holes collide and merge, an event so
observed before.
reflected back and forth within its
extreme that in a split-second around
4km-long concrete arms. Those arms
Similarly, a discovery announced
three times the mass of our own Sun
are quite literally stretched by passing
in June this year by a collaboration
is converted into gravitational waves,
gravitational waves, causing the laser
between LIGO and Virgo, located in
which ripple out into space.
light to split, which scientists can see.
Italy, revealed evidence of a black hole
LIGO is so sensitive that it can detect
Theirs is a long journey to Earth. By
merging with an unusual object. When
infinitesimal changes in length – as
the time they arrive in 2015, they’re
massive stars explode at the end of
small as 1/10,000th of a proton. That’s
exceptionally weak, passing through
their lives, they either become neutron
like measuring the distance to a star
you and me without so much as a
stars or black holes, depending on the
4.2 light years away to within the width
drop of tea being spilled. But LIGO’s
mass of the original star. This result
of a single human hair.
two identical detectors in the United
confirmed the existence of something
States – one in the north-west state of
more massive than any neutron
These waves are particularly interesting
Washington, the other in the southern
star ever seen, but smaller than the
for astronomers because telescopes
state of Louisiana – can sense them.
smallest-known black hole – in other
are only sensitive to different kinds
words, a whole new class of object was
of light – different parts of the
As Lijing mentioned, these ripples
revealed thanks to gravitational waves.
electromagnetic spectrum – emitted
can change the length of a ruler.
A century separated Einstein’s
prediction from the LIGO confirmation,
and the current crop of ground-based
detectors will be joined by other
facilities in the coming years, including
the European Space Agency’s planned
Laser Interferometer Space Antenna
(LISA) in the 2030s.
So where does the SKA, as a radio
telescope, fit into this picture?
Gravitational waves – just like sea
waves – come in different sizes
depending on their origin. The SKA’s
method will detect some of the
biggest, by measuring the distortion of
time rather than space, with the help
of our reliable astronomical friend, the
pulsar (see graphic on next page). [...]

To understand the
significance of recent
results, and how radio
telescopes like the SKA
can contribute, we need
to take a quick journey
back through history.

Top left: Artistic rendering of a gravitational
wave event announced by the LIGO-Virgo
collaboration in June 2020, in which a
smaller compact object is swallowed by a
nine-times-more-massive black hole.
Credit: Alex Andrix
C O N TA C T | S E P T E M B E R 2 0 2 0

How our Sun and Earth warp space and time, or space-time, is
represented here with a green grid. Credit: T. Pyle/Caltech/MIT/LIGO Lab
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SKA IS GUARANTEED TO DISCOVER MORE
PULSARS [...] AND EVENTUALLY DETECT THE
GRAVITATIONAL WAVES FROM MERGING
SUPERMASSIVE BLACK HOLES, WITH A MASS
BILLIONS OF TIMES GREATER THAN THE
SUN, WHICH HAVEN’T BEEN DETECTED YET.

Right: This image, extracted from a numerical
simulation, depicts the gravitational waves
released when two supermassive black holes
merge – something the SKA aims to detect.
Credit: NASA/C. Henze

Assistant Prof. Lijing Shao, Peking University

Their rapid and regular rotations make pulsars incredibly
precise space clocks – as accurate as the best atomic clocks
on Earth. They emit a pulse of radio waves like a lighthouse
beam, which radio telescopes can detect from Earth.
The SKA will be able to time millisecond pulsars (which are
both faster and rarer than an average pulsar) typically to
100-nanosecond precision, and even better in some cases.
This means it can predict a pulse’s arrival time to better than
10,000,000th of a second. This level of accuracy is essential
to make sure you don’t miss one. By timing a whole array of
pulsars, the SKA will effectively create a cosmic observatory,
tracking a gravitational wave as it passes through our galaxy.
“SKA is guaranteed to discover more pulsars and to time
them with much higher accuracy than ever before. This will
improve the current sensitivity of pulsar timing arrays by
roughly ten-fold, and eventually detect the gravitational
waves from merging supermassive black holes, with a mass
billions of times greater than the Sun, which haven’t been
detected yet,” Lijing explains. “These supermassive black
holes are the key to understanding galaxy formation and
evolution, in particular the mergers of galaxies.”
One hundred years on, there is still much we can do to test
general relativity. Einstein didn’t only predict the existence
of gravitational waves, but a mathematical framework to
establish what kind of event created them, based on their
shapes.
“We can compare what the theory says with the information
coming from all telescope observations that might have
captured the same event in their images,” explains SKA
Project Scientist Dr Anna Bonaldi. “The SKA will be part
of that, by quickly responding to alerts published by
gravitational wave detectors to take images of the sky at
the origin of the event and identify the astronomical objects
responsible.”
The ultimate test for Einstein’s theory will be in extremely
strong gravitational systems, such as a pulsar orbiting a black
hole, something the SKA aims to find.
“Recent gravitational wave discoveries have taught us –
again in science history – that it is extremely important to
uncover our eyes to a new observational window! After all,
we can see optical light but we were blind to other types
until we built the right telescopes,” Lijing adds.

that there are plenty of surprises awaiting us. In other words,
extending the boundary of human knowledge and the
capability of exploratory tools is super important.”

HUNTING FOR GRAVITATIONAL WAVE
SOURCES WITH RADIO TELESCOPES

The complete spectrum of gravitational wave astronomy, showing how facilities detect different
amplitudes of wave signature (a measure of how much the measured distance expands and
contracts) emanating from different sources. Credit: NANOGrav

Credit: CSIRO

A serendipitous advantage of ASKAP’s wide field of
view – each ASKAP receiver images 30 square degrees
at once, while the full Moon occupies just 0.2 square
degrees in the sky - is that it provides an unprecedented
opportunity to follow-up transient events detected by
gravitational waves detectors. Finding electromagnetic
counterparts to gravitational wave sources has
proven challenging, given the uncertainty around
where exactly the wave came from in the sky.
In 2019, LIGO issued an alert related to the likely
merger of a neutron star and a black hole. Traditional
methods of follow-up rely on targeted observations
of all the known sources within the uncertainty region,
but ASKAP’s field of view neatly covered about
89% of the localisation area. No counterparts were
detected this time, but the observations show that
radio telescopes like ASKAP will be a unique and
valuable asset for future gravitational wave follow-up.

“As long as a new window is open, it is almost guaranteed
This animation shows how the SKA will use pulsars to detect gravitational waves as they pass through our galaxy, creating a
cosmic observatory. Credit: SKA Organisation
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MANCHESTER-LED TEAM
DISCOVERS 157-DAY
CYCLE IN ENIGMATIC FAST
RADIO BURST
BY HILARY KAY (THE UNIVERSITY OF MANCHESTER)
The origin of fast radio bursts (FRBs), short-lived bursts of radio emission, still remains an unsolved mystery. Since their
discovery in 2007, the search for the true nature of these sources has been one of the most tantalising stories in modern
day astronomy.

ZOOMING IN ON THE
ORIGINS OF FAST
RADIO BURSTS
BY ANNABELLE YOUNG (CSIRO)
The Australian SKA Pathfinder (ASKAP) telescope
made headlines in 2019 as the first instrument to
localise a non-repeating fast radio burst (FRB).
Since then, it has localised several more nonrepeating bursts, and now Dr Shivani Bhandari of
CSIRO has used multi-wavelength follow-up to
examine their host galaxies.
The origin of FRBs remains one of the most
intriguing mysteries of modern astronomy but
this first detailed study of host galaxies rules out
some of the more extreme theories previously put
forward. Dr Bhandari and her team identified the
exact location of four FRBs.
“These precisely localised FRBs came from the
outskirts of their home galaxies, removing the
possibility that they have anything to do with
supermassive black holes,” Dr Bhandari said.

Artist’s impression of an orbital modulation model where the FRB progenitor (blue) is in an orbit with a companion astrophysical
object (pink). Credit: Kristi Mickaliger
This quest received a major boost when recently
an international team of astronomers led by Dr
Kaustubh Rajwade of the Jodrell Bank Centre for
Astrophysics carried out a long-term monitoring
programme of one FRB, known as 121102, with The
University of Manchester’s Lovell Telescope, part of
the UK’s SKA pathfinder instrument e-MERLIN.

“We suggest it may instead be linked to the orbital motion
of the FRB source around a massive star, a neutron star
or even a black hole,” explains Dr Rajwade. “It’s only
the second time we observe a periodic behaviour in an
FRB. That’s significant and will help us understand how
FRBs actually work!,” says SKAO Project Scientist Dr Evan
Keane, member of the team behind the observations.

By combining the observations made with the Lovell
Telescope with previously published observations, the
team discovered that 121102, as well as repeating, displays
a cyclical pattern. Following an active period of 90 days,
121102 then undergoes a quiescent period lasting for
67 days, with this pattern repeating every 157 days.

Support for Dr Rajwade’s discovery has recently been
provided by a multi-wavelength campaign led by a
team at the Max Planck Institute for Radio Astronomy.
In a preprint paper, uploaded to arXiv, they report the
detection of bursts from 121102 during August 2020 with
a cyclical period of 161 +/- 5 days. In addition, a team
from the National Astronomical Observatories of China
have very recently detected bursts from 121102 in the
predicted active period thus lending credence to the
periodicity claim using the Five-hundred-meter Aperture
Spherical radio Telescope (FAST), another SKA pathfinder,
in a paper published in the Monthly Notices of the Royal
Astronomical Society. We look forward to seeing what
future observations of FRB 121102 may uncover.

FRBs were initially thought to be related to one-off
cataclysmic events. However, the detection of repeating
FRBs has thrown this into question, and it has been
suggested these could result from precession of the
magnetic axis of highly magnetized neutron stars. The
detection of a 157-day cyclical pattern for 121102 however,
would be hard to explain in terms of precession.

IT’S ONLY THE SECOND TIME WE OBSERVE
A PERIODIC BEHAVIOUR IN AN FRB. THAT’S
SIGNIFICANT AND WILL HELP US UNDERSTAND
HOW FRBS ACTUALLY WORK!
SKAO Project Scientist Dr Evan Keane
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They found all four bursts came from massive
galaxies that are forming new stars at a modest
rate, very similar to the Milky Way.
The first FRB ever localised was one that bursts
repeatedly. That source, FRB121102, is coincident
with a dwarf galaxy. However, follow-up of a
second repeater, and the non-repeating ASKAP
bursts, shows that FRB121102 is not typical.

These latest findings
lend weight to the
idea that FRBs might
originate from compact
objects.
“Models such as
mergers of compact
objects like white dwarfs
or neutron stars, or flares
from magnetars created
by such mergers, are still
looking good,” said CSIRO
Prof. Elaine Sadler, a co-author on
the paper, which was published in the
Astrophysical Journal Letters.
Dame Jocelyn Bell Burnell, who first discovered
pulsars, praised the research.
“Positioning the sources of FRBs is a huge technical
achievement, and moves the field on enormously,”
Dame Jocelyn said.
“We may not yet be clear exactly what is going on,
but now, at last, options are being ruled out.”
The ASKAP telescope is located at CSIRO’s
Murchison Radio-astronomy Observatory (MRO)
in Western Australia. CSIRO acknowledges the
Wajarri Yamatji as the traditional owners of the
MRO site.

Above:
Dame Jocelyn
Bell Burnell
and CSIRO
astronomer
Dr Shivani
Bhandari,
during Dame
Jocelyn’s visit
to Sydney in
2019

CSIRO’s ASKAP radio telescope in Western Australia detected the precise location of four fast radio bursts. Follow-up observations
by NRAO’s JVLA and CSIRO’s ATCA radio telescopes and the world’s largest optical telescopes – Gemini South, ESO’s Very Large
Telescope, Magellan Baade, Keck and LCOGT-1m – identified and imaged the host galaxies. Credit: CSIRO/Sam Moorfield
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INDIAN TEAM DISCOVERS
LONG-SOUGHT TINY SOLAR
EXPLOSIONS USING MWA
SOURCE: NATIONAL CENTRE FOR RADIO ASTROPHYSICS (NCRA)
Astronomers from India’s NCRA have discovered tiny flashes of radio light from all over the Sun, the strongest
evidence yet that such ‘nanoflares’ could be responsible for the extreme heating of the Sun’s corona. The observations
were made using the Murchison Widefield Array (MWA) in Western Australia, an SKA precursor telescope.

CHINESE AND AMERICAN
RADIO TELESCOPES
PROVIDE INSIGHTS INTO
THE FORMATION OF
MASSIVE STARS
SOURCE: MAX-PLANCK INSTITUTE FOR ASTRONOMY
An international team of 18 astronomers from 11 countries across the world has discovered important insights into the
formation of massive stars.
The study, which was led by Prof. Xi Chen of Guangzhou
University and Shanghai Astronomical Observatory and
involved SKAO’s Dr Shari Breen, was published in the journal
Nature Astronomy.
Using data from the Shanghai 65m Tianma Radio Telescope
and the Karl G. Jansky Very Large Array in the USA, an SKA
pathfinder, the team discovered a spiral structure in the disk
of gas and dust that surrounds a massive protostar of 12
solar masses, located 22,000 light-years away.
The giant disk has a diameter of 1,340 astronomical units
(AU), where 1 AU is the distance between the Sun and Earth.
The discovery of the spiral confirms the hypothesis that
these disks become temporarily unstable under the effects
of intense gravity and partially disintegrate into compact
clumps of matter that tumble into and feed the young star in
bites, resulting in bursts of increased brightness.
The spiral structure was revealed through the detection of
masers, the counterpart to lasers, which emit microwave
or radio radiation rather than visible light. Masers occur in
massive star-forming regions as natural, very bright and
compact radiation sources.
Detecting a temporary sharp increase in radiative power
caused by a new accretion burst, the team was able to
use the positions and velocity information of the detected

masers to model the shape of the spiral, and conclude that
matter flows from the outer regions of the disk to the inside,
providing fuel for the star.
The team also discovered a completely new type of maser
with a different molecular structure to those previously
detected, something they now want to study further to
better understand the conditions in the disk.
“The new masers are incredibly rare. We haven’t been able
to detect them in other searches so we think they might
only occur when the star is ‘eating’,” says Dr Breen. “Results
like these are just a teaser for the kinds of discoveries that
we hope to make with the SKA. Its increased sensitivity will
give us a more complete view, and will enable faster, more
detailed studies of what’s happening in these regions.”
Read more here.
Above: Artistic impression of the immediate vicinity of the
massive protostar G358-MM1. The disk that surrounds it has
formed a spiral structure that is visible through characteristic
emissions of masers. This structure suggests a massive disk
of gas and dust, which becomes unstable under its own
gravity and partly disintegrates into compact packets that
feed the protostar in bites. Credit: Xi Chen (Guangzhou
University, China) und Zhi-Yuan Ren (National Astronomical
Observatories, Chinese Academy of Science, Beijing, China)

The Sun’s corona, visible during the total solar eclipse of 30
April, 2018. Credit: S. Habbal, M. Druckmüller and P.Aniol

The Sun’s corona – its outer atmosphere only visible to us
on Earth during a total solar eclipse – is over 300 times
hotter than the surface, which has long puzzled scientists.
It’s thought the energy heating it must come from the
Sun’s magnetic fields, but their strength can vary by a
factor of 1000 in different locations, whereas the corona
is hot all over. That suggests whatever is responsible for
transporting this magnetic energy to the corona must be
widespread and regular, unlike large intermittent solar flares.
“What makes this really exciting is that these flashes are
present everywhere on the Sun and at all times, including
in the regions of weak magnetic fields, the so-called ‘quiet
Sun’ regions,” says PhD student Surajit Mondal. He led
the work under the supervision of Prof. Divya Oberoi of
NCRA, along with Dr Atul Mohan, formerly of NCRA and
now the Rosseland Centre for Solar Physics, Norway.
Their research was published in The
Astrophysical Journal Letters.
The radio flashes discovered
are around 100 times
weaker than the weakest
bursts reported
until now. The
breakthrough was
only possible
thanks to the
combination of
MWA’s sensitivity,

enabling it to detect these weak signals, and NCRA’s
development of new techniques and tools to make the most
of the data.
“With this work, we have the strongest evidence to
date that these tiny explosions, originally referred to as
nanoflares by [American astrophysicist] Prof. Eugene
Parker in his hypothesis in 1988, can indeed be heating
up the corona,” says Prof. Oberoi, co-chair of the SKA’s
Solar, Heliospheric & Ionospheric Physics Science
Working Group. “This is an excellent example of how
progress in technology enables progress in science.”
Further observations will be needed to confirm whether these
tiny flares are indeed the cause of coronal heating. Telescopes
like the MWA and the future SKA-Low operating in the low
radio frequency band are uniquely placed to investigate
this problem, as compared to those in other parts of the
spectrum. This is because the low radio frequency emissions
from these weak bursts arise from a ‘coherent’ emission
mechanism (as opposed to ‘thermal’ emission at higher
frequencies), making even the energetically weaker events
much easier to see. When operational, the SKA’s even greater
sensitivity will enable astronomers to probe coronal heating
in more detail, alongside a wide range of solar studies. Such
observations will help us to better understand our star and in
turn better predict space weather, which can have an impact
on satellite communications and infrastructure here on Earth.
Full press release is available here.

Antennas of the Murchison Widefield Array (MWA) low-frequency radio telescope,
located at CSIRO’s Murchison Radio-astronomy Observatory in Western Australia.
Credit: Dragonfly Media
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APERTIF DISCOVERS RARE
TWINKLING RADIO SOURCES
SOURCE: ASTRON
Astronomers have discovered 11 new Intra-Hour Variable (IHV) sources, arguably among the rarest objects
in the sky. IHVs are distant, compact radio sources whose radiation is made to twinkle on timescales of
minutes, in a similar way as stars twinkle in the night sky. The cause is nearby Galactic plasma clouds that are
in between the radio source and Earth. They offer a unique view of the very nearby interstellar medium.
The discovery was made using the Apertif (APERture Tile In
Focus) observing system of the Westerbork Synthesis Radio
Telescope (WSRT), operated by ASTRON in the Netherlands.
This is the first imaging result of the Apertif survey that
started in 2019 and will continue into next year.
Apertif, a technology pathfinder for the SKA, is a type of
receiver called a phased array feed, which significantly
expands WSRT’s field of view and survey speed, enabling
new, innovative types of astronomical research.

LOFAR, 10 YEARS OF
SCIENCE AND INNOVATION
BY FRANK NUIJENS (ASTRON)
The Low Frequency Array (LOFAR) is celebrating 10 years of operations this year, a decade marked by countless
discoveries from this SKA pathfinder telescope.
international partners
by highlighting
some of the many
successes that
LOFAR has achieved,
both in astronomy
and technology.

If that is indeed the case, that would be a find of great
scientific significance. It could point to a new component in
our solar system, possibly tied to its origin.
“Combining these findings with observations from the Karl
G. Jansky Very Large Array radio telescope in New Mexico
(USA), we can learn more about the properties of these
plasma clouds,” Prof. Oosterloo explains.

For the last 30 to 40 years, no more than a handful of IHVs
were discovered, but Apertif has found a further 11 in
just one year. The researchers have described the finding
of the first of these objects in the journal Astronomy &
Astrophysics.
The search for these IHVs yielded an interesting find. The
twinkling is caused by radio waves, emitted by these objects,
traveling through plasma clouds situated somewhere
between the IHVs and Earth.
Using Apertif, the scientists found that these plasma clouds
are not uniformly spread across the galaxy, but are clustered,
and that one is located extremely near to, or perhaps even
within our own solar system.
“We think it lies more or less within the Oort Cloud,” says
Prof. Tom Oosterloo, senior scientist at ASTRON and first
author of the paper.

Schematic of radio waves from a quasar traveling through a
plasma cloud and arriving at Apertif. (Credit: ASTRON/Studio
Eigen Merk)

On 12 June 2010, then Queen
Beatrix opened the core of the
LOFAR telescope in the provincial
village of Exloo, in the north of the
Netherlands. Ten years, an additional
seven countries and 14 stations later,
LOFAR has now 52 stations in total,
and has grown to be the largest low
frequency radio telescope in the
world. The Netherlands Institute for
Radio Astronomy (ASTRON), which
manages the telescope, celebrated
this anniversary together with its
Above: One of LOFAR’s
science highlights
of the decade: the
discovery of the
slowest spinning radio
pulsar to date in 2017,
depicted in this artist’s
impression. (Credit:
Danielle Futselaar/
ASTRON)

more slowly than the slowest
spinning radio pulsar detected
up to that point (8.5 seconds).
The LOFAR Transient Buffer Board
(TBB), one of the technological
highlights, gave LOFAR a unique
extra capability for a telescope:
rewinding the clock. For this the TBB
had the latest DDR2 (Double Data
Rate) memory technology onboard,
at the time of installation. This was in
particular required for cosmic ray and
lightning studies; after a triggering
event, the system could immediately
save the preceding five seconds of
data for the full bandwidth, or even
more by sacrificing bandwidth, a
unique capability at that time.

One of the
astronomy highlights
is the LOFAR Twometre Sky Survey
(LoTSS) that aims to
produce a detailed
radio image of the
entire northern sky
in the frequency
range of 120-168
MHz. “We are now a
bit over 50 percent
of the observations,” says ASTRON
astronomer Dr Timothy Shimwell.
Quite an achievement already and
one that has been made with a
team of about 250 scientists, as Dr
Shimwell notes: “We’re spread over
20 countries and about 60 institutes.”

LOFAR is not finished expanding and
innovating. A new station will soon
become operational in Italy, hopefully
followed by more countries. ASTRON
is leading the LOFAR 2.0 upgrade
programme, such that LOFAR will
continue to develop and remain the
world’s most powerful very-lowfrequency, and long-baseline, radio
interferometer until at least 2030.

Another highlight is the discovery
of the slowest spinning radio
pulsar to date in 2017. The neutron
star spins around once every
23.5 seconds, almost three times

Watch the video celebrating
10 years of LOFAR

Onsala
Irbene

Birr

Dutch stations
Chilbolton

Norderstedt
Potsdam
Jülich
Effelsberg
Tautenburg

Right: LOFAR has
52 stations in total,
distributed across nine
European countries.
Credit: ASTRON

Nançay

Bałdy
Borówiec

Łazy

Unterweilenbach

Medicina

Apertif was installed on the WSRT in 2018. (Credit: ASTRON)
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PHD PLACEMENT:
LARA ALEGRE ON
HER EXPERIENCE
AT SKA HQ

2 MINUTES WITH...

JOE HEYS
SKAO FACILITIES MANAGER
When the COVID-19 pandemic forced the closure of
our HQ in mid-March, Facilities Manager Joe Heys was
one of the few people who was authorised to remain
on site. Known for his can-do approach (Joe received
an Exceptional Performance Award in his first year with
SKAO!), he used the lockdown period to get plenty done!

Lara Alegre, from Portugal, has been on a six-month PhD student placement with
the SKA HQ Science team, funded by UKRI’s Science and Technology Facilities
Council (STFC). Lara has a Physics background and a Masters in Astrophysics and
Cosmology. Having previously worked on research projects in galaxy formation
and evolution, and in science communication, she began her PhD studies at the
University of Edinburgh in 2017 and is now heading back to Edinburgh for her final year.

Why was it important that you continued to visit the HQ
during lockdown?
It was essential that we still looked after the building, checking
for any maintenance issues and ensuring it remained in a
compliant state. It’s surprising what happens even when no
one is around. For example we had two panes of glass break
in separate office areas, so I learned more than I ever thought I
would about nickel inclusion, which causes spontaneous glass
breakage! We also used the opportunity to get some noisy
and intrusive work done while staff were away.
There’s now limited access to the HQ – what kind of safety
measures are in place?
It’s been great to see familiar faces return the last few weeks.
We’ve risk-assessed the building specifically in relation to
COVID-19 and adopted a whole range of measures to make it
as safe as possible for everyone. We provide things like hand
gel stations, temperature checks, gloves and face masks.
We’ve also added signage, limited usage of some areas, rearranged furniture to maintain appropriate distancing, and
even added foot pedals on the water dispensers! There’s also
a safety induction for all staff before they return.

In recent weeks
some SKAO staff
have gradually
returned to
the HQ, where
COVID-19 safety
measures have
been implemented.
These include
hygiene stations,
one-way entry and
exit points, and new
meeting spaces with
plenty of distance
between tables.

Has it been tricky to make those changes?

Finally, a burning question for those who are familiar with
the HQ wildlife: were there any ducklings this spring?

and the amount of effort needed
to build a telescope like this. I’ve
been to smaller telescopes and
observatories, but the world has to
move to make the SKA happen.
The COVID-19 lockdown period
was quite a scary time but the
Science team was always there to
support me. Every morning we had
a virtual coffee break together, and
I had weekly meetings with Anna.
She always made time for me.
Sometimes, as a student, you can
feel intimidated but I never felt
there was a hierarchy at the SKA.
I took part in a tree-planting day in
February, and one of the best parts
was getting to know colleagues on
a different level than just an office
environment. A few of us got lost
in the middle of the windy, rainy
countryside! That kind of experience
makes you feel more comfortable with
people regardless of age or seniority.
This experience made me realise so
much about myself in such a short
period. It is common in research
to suffer from impostor syndrome
and therefore feel like you must be
perfect. Now I’m aware that I need

to “have no fear of perfection - you’ll
never reach it” (attributed both to
Marie Curie and Salvador Dali).
My SKAO placement has given
me much more clarity about my
future career. I can now see more
options for a career in astronomy
upon completion of my PhD that
were previously uncertain. You have
some of the best professionals at the
SKA, and it’s a perfect mix between
the worlds of academia and industry.
The SKA is something special.

SKA HQ periodically hosts
interns and placements
in departments such
as Science, IT and
Communications, and
welcomes expressions
of interest for future
opportunities!
Above: Lara worked alongside the
SKAO Science and Operations teams
during her placement.

IT WAS VERY GOOD TO HAVE LARA WORKING WITH
US ON THE NEXT SKA SCIENCE DATA CHALLENGE.
SHE SHARED WITH US NOT ONLY HER EXPERTISE
BUT ALSO HER ENTHUSIASM AND A SET OF FRESH
IDEAS. A BIG THANK YOU TO LARA ON BEHALF OF THE
SCIENCE AND OPERATIONS TEAMS, AND WE WISH
HER WELL WITH THE REMAINDER OF HER PHD!

I had been keeping an eye out and had not seen any
throughout the lockdown… Then one night in July, just as I
was getting into my car, I looked over and saw lots of small
ducklings taking a dip! It’s great to see them back.

ACCESS TO SKA HQ
To facilitate social distancing and safety measures,
SKA HQ is currently restricting external visitor access.
International travel by SKAO staff is not being considered
for the next few months. SKAO will re-evaluate this policy
based on future developments around COVID-19.
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I’ve worked with the SKAO
Science team on the SKA Science
Data Challenges. I helped with the
creation of infrastructures for the next
challenge, such as testing code for
scoring participants’ submissions,
and creating a platform to release
the challenge. Furthermore, my
supervisor, SKA Project Scientist Dr
Anna Bonaldi, encouraged me to
get involved in meetings with our
international computing facilities
partners. I also started a monthly
Machine Learning club for sharing
expertise: with the amount of data
the SKA will create, it’s one of the
tools people need to master.
Being here at this point in the
SKA’s evolution is very rewarding.
I was amazed by the cooperation
between the different SKA teams

The most difficult aspect was actually getting hold of the right
items due to the high demand for them globally. We worked
on this for around six weeks prior to re-opening the doors and
we still had stock arriving just two or three days before. It is an
evolving picture as the UK government guidance changes, but
we are keeping on top of it!

22

My PhD is an Intensive Data Science
programme and it has a large
Machine Learning component.
Besides investigating the evolution
of radio galaxies, one of my aims
is to improve the cross-matching
methods of radio observations
to other wavelengths, like optical
and infrared, so we are able to
study these galaxies properly.

Dr Anna Bonaldi, SKAO Project Scientist
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Overall, more than 250 formal observations and questions
were raised and addressed resulting in 40 recommendations,
all of which were accepted by SKAO and are being
implemented.
”Both operations reviews have shown that SKAO is as well
prepared as you can be at this stage of the project for the
future operation of the Observatory. The responses of the
team to the review boards’ questions demonstrated a deep
understanding of the issues and challenges ahead,” says Dr
Kaufer.
“I was really impressed by the strong team spirit across the
organisation – scientists, engineers, administrators, managers
and staff – all seem to push in the same direction: to get SKA
built and SKAO going.”
The successful conclusion of all reviews and audits gives
extra confidence to decision-makers to approve funding for
construction later this year, but also to the SKA teams across
the partnership and the science community at large that the
project is on solid ground.

SKA COMPLETES FINAL
REVIEWS AHEAD OF
CONSTRUCTION
The SKA Organisation has now successfully passed all its final reviews ahead of submitting its Construction Proposal
and Observatory Establishment and Delivery Plan to the SKA Board of Directors for their September meeting.
In recent months a series of independent external panels
have examined the detailed design, costing, future operations
plan and business support functions of the SKA, to ensure its
overall readiness to move from planning to construction.
The SKA Project successfully passed its System Critical Design
Review in December 2019, which endorsed the telescopes’
overall design, costing and planning, and closed all related
actions by April 2020, marking the culmination of six years
of work involving hundreds of people around the world. The
SKA then underwent an external cost audit conducted by
engineering consultancy Arup in early 2020.

On the operations side, the SKA underwent two major
independent reviews. The first looked at the SKA
Observatory’s plan to operate and maintain the telescopes
to ensure the collection, processing and delivery of data to
the international science community. The second assessed
the business-enabling functions, such as Finance, Strategy,
HR, Assurance, Procurement, and Communications, needed
to support the future SKA Observatory in delivering on its
mission.

And while the COVID-19 pandemic initially threatened to
delay the reviews, both were completed within the overall
schedule, allowing the project to progress on time.
“I’m proud our teams were able to conduct these major
reviews with such a positive outcome in the middle of a
pandemic,” adds Dr Ball. “It’s been a very intense period
of a few months, but we couldn’t have delivered these
results without the years of work behind it by people at the
SKA Organisation but also in the consortia and in partner
organisations around the world – this is their work.”
Using input from these reviews, the teams finalised the SKA’s
Construction Proposal and Observatory Establishment and
Delivery Plan. Both have been submitted for the SKA’s Board
of Directors meeting this September and will then go to the
SKA Observatory Council, the governing body of the new
inter-governmental organisation, in December for a final
decision.
Dr McMullin concludes: “We’ve done all the planning, now it’s
time to deliver.”

“Conducting these reviews now was crucial to ensure we
develop the most comprehensive and robust plan ahead of
construction. It allowed us to bring people in with very deep
expertise in delivering similar types of large-scale research
infrastructures and benefit from their advice,” says Dr Lewis
Ball, SKA Director of Operations.
The panels comprised experts from the European Southern
Observatory (ESO), the US National Radio Astronomy
Observatory (NRAO), the Association of Universities for
Research in Astronomy (AURA), the Canada–France–
Hawaii Telescope (CFHT), the European Spallation
Source (ESS), and CERN. Both reviews were chaired by
Dr Andreas Kaufer, Director of Operations for ESO.

“The cost audit was intended as a ‘ready to invest’ gate
review,” says Dr Joseph McMullin, SKA Programme Director.
“The reviewers concluded that overall, the current readiness,
level of planning detail and approach to construction are
logical and demonstrate best practice to support a smooth
transition into the delivery phase. They confirmed the cost
estimation and uncertainty quantification process were robust
with additional recommendations which have been integrated
into the submitted construction proposal. This was very
positive, and reassuring!”
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“External reviews are good practice and an important
ingredient to the management of large construction
projects like SKA. They provide reassurance to the
project team that they are on a good track with
their project, that their assumptions and projections
are sound and that no critical issues have been
overlooked,” says Dr Kaufer. “It’s also always
interesting to see how similar the problems are that we
encounter in our projects. Adopting solutions that have
been successful elsewhere can be important for the
success of big projects.”
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Left: The SKA’s dedicated engineering website chronicles
the design process behind the SKA telescopes, including
news stories, case studies, expert profiles, technological
innovations and much more. Access it here.
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PROF.
KRISTINE
SPEKKENS

THE SKA PARTNER COUNTRIES ARE INHERENTLY
DIVERSE, AND THE CONCEPTS OF EQUITY, DIVERSITY
AND INCLUSION (EDI) ARE ENSHRINED IN THE
SKA OBSERVATORY CONVENTION. FROM THE VERY
BEGINNING IT HAS BEEN RECOGNISED THAT A
DIVERSITY OF NATIONS AND PEOPLES NEED TO
COME TOGETHER TO MAKE THE SKA A REALITY.

The Canadian astronomy community is currently finalising
its Long Range Plan, a 10-year vision with the SKA front and
centre as a priority for astronomers. Prof. Kristine Spekkens,
Canada’s Science Director in the SKA Board, was closely
involved in that process. Based at the Royal Military College
of Canada and Queen’s University, both in the eastern
city of Kingston, Ontario, Kristine chairs the Canadian
Astronomical Society’s (CASCA) committee on equity,
diversity and inclusion. She talked to us about improving
access to astronomy, the search for dark matter, and her
time representing Canada on the sporting stage.

Prof. Kristine Spekkens, Canada SKA Board Director

Dark matter is such a hot topic – do
you have a preferred theory for what
it could be?

Thinking back to childhood, Kristine, were you always
fascinated by science and space?
Certainly by science. What fascinated me most about
astronomy was that the way very mundane things work on
Earth could explain the way that vast and extreme things work
in the Universe; for example, the way that my coffee cup falls
and breaks when I drop it also explains how galaxies evolve.
Answer: gravity!
When did you decide astronomy
would be your career path?

Did you ever think of choosing sport
over astronomy as a career?

In high school I was fortunate to have
passionate science teachers, particularly
my physics teacher who was very
influential, and that formed my decision
to pursue physics and then astronomy
at university. I went to quite a small
public school in a relatively nondescript
suburb of Toronto, so the impact that
really passionate teachers can have has
not been lost on me. My father was a
physical chemist, so I also took lots of
inspiration from him.

Not seriously, it’s always been a balance
for me. After netball I played volleyball for
my undergraduate university and ultimate
frisbee for my graduate university. I
think I’ve always had a fascination with
strategising as a team to accomplish a
goal. There are some parallels there with
astronomy, but at the end of the day I’m
very glad to be an astronomer.

Sport has been a big part of your
life – tell us about your achievements
there.
That’s right! I played netball for Canada
from 1993 to 1999. Netball may be
more familiar to folks in Commonwealth
countries than others! My position
was Goal Shooter, and I was really
privileged to play in some international
tournaments, the highlight being the
Commonwealth Games in 1998 in
Malaysia.
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Let’s talk about your research
specialisms: galaxies and cosmology.
What particularly fascinates you
about these areas?

like the SKA. The frequency of that
line tells us how fast the gas is orbiting
around the galaxy centre, which allows
us to infer the galaxy mass distribution
through the law of gravity. We know
that most of the mass in galaxies isn’t in
the components you can see, like stars
and gas, but in the dark matter which
you can’t see, so it’s dark matter that
drives much of galaxy evolution. Putting
it all together, atomic gas mapping is
a really powerful tool for inferring the
properties of dark matter despite its
invisibility, and therefore for studying
how galaxies evolve.

I’ve always been
interested in Milky
Way-like spiral
galaxies and using
the gas in them as
a tool to explore
their underlying
structure. A lot of
the hydrogen in
galaxies is in an
atomic state that
emits a spectral line
we can detect with
radio telescopes

The idea that it’s some kind of exotic
new particle that extends the standard
model of particle physics is attractive,
although it may well be that the Universe
itself is more exotic than we’re imagining
right now. The “smoking gun” would
be a detection in a particle accelerator
like the Large Hadron Collider at CERN,
but astronomy has an important role in
placing constraints on the properties
of dark matter. Thanks to astronomy
we have a fairly good idea of how dark
matter behaves in galaxies like the Milky
Way, irrespective of what it actually is.
What do you find most exciting
about the SKA?
In my field, the SKA really is a major
leap forward in terms of the capabilities
we’ve had for the last couple of
decades. The desire to map billions
of galaxies like the Milky Way was
one of the original SKA science goals
identified right at the beginning.
I’m also fascinated by the process of
building a facility like this, in a strongly
collaborative way, with different nations,
cultures and ideas coming together to
build this instrument of the future. That’s
why I’ve naturally gravitated to some
of the positions I hold within the SKA;
it’s important not only to do research in
astronomy but also to contribute to how
astronomy gets done.
Left: Kristine’s research on galaxy
evolution involves studying the effects
of dark matter. This chart shows
rounded values for the three known
components in the Universe: normal
visible matter, dark matter and dark
energy. Credit: NASA’s Goddard Space
Flight Center
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Speaking of your SKA roles, how do
they complement each other?
The SKA like other world observatories
is often driven by science but it
happens because of the interplay
between science, technology and
governance. It’s on that stage that
entities like the Board and my role as
Science Director can have an impact:
how one takes the science drivers for a
fabulous new facility, combined with the
technology that enables that science to
be done, and the governance required
to build partnerships that can make that
technology happen on a global scale.

There are systematic inequalities
built into many aspects of society
including academia, and they have
not been effectively confronted
within professional astronomy. It’s
absolutely clear in North America
and elsewhere that Black, Indigenous
and Peoples of Colour are strongly
underrepresented in astronomy, and
that this underrepresentation is part
of a much larger pattern of systemic
discrimination against these groups
that we have to
address.

Recent months have seen a
spotlight put onto equity,
diversity and inclusion (EDI)
efforts in all sectors. As the
new chair of the CASCA
Equity and Inclusivity
Committee, how do you
view the situation in
astronomy?
Astronomy has broad
appeal across different
demographics, cultures
and generations, which
makes it a powerful tool
for increasing EDI within
science in general. There
have been some strides
made in the past decade or
two; for example, the gender
balance is a little better now in
many professional institutions,
and there’s also an increased
awareness of how issues like implicit
bias affect EDI.
But it’s also abundantly clear that
there’s a lot of work to do beyond
continuing to strive for gender balance.

Above: At the future SKA-Low site in
Western Australia with a prototype
antenna.
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REGISTRATION OPEN FOR FUTURE
OF MEETINGS SYMPOSIUM

Are there some key EDI actions that
you feel the SKA should prioritise?
The SKA partner countries are
inherently diverse, and the concepts
of EDI are enshrined in the SKA
Observatory Convention. From the very
beginning it has been recognised that
a diversity of nations and peoples need
to come together to make the SKA a
reality. As a result, the SKA could be
a model for how world observatories
tackle issues related to inclusion. That
stems not only from engaging with
Indigenous and local populations
where the SKA will be built, but also
from using the SKA as a vehicle for
addressing systemic inequalities in all of
the partner countries.
Certainly in Canada there are
systematic barriers to access and
participation in astronomy, in particular
for Indigenous peoples, and one goal
of the Canadian Long Range Plan is to
make recommendations for overcoming
those barriers in the next decade. In
Canada, we’re developing a plan for
how to leverage SKA participation not
only for education and outreach but
also for inclusion. That involves sharing
the SKA vision across demographics
and providing opportunities for
telescope and data access to underrepresented groups, but also learning
about how other cultures view
and understand the Universe in a
complementary and sometimes more
powerful way. The SKA’s Shared Sky
exhibition [of Indigenous astronomy
art] is a good example. Every country
involved in the SKA partnership has a
role to play in making astronomy more
accessible and inclusive. A key action
for the SKA is to coordinate, support
and promote initiatives across the
partnership in addition to developing
its own practices for enhancing diversity
within the Observatory.
How can education and outreach
contribute here too?
The two are distinct but go hand-inhand. A strategy where EDI initiatives
dovetail with education and outreach
initiatives could be a really powerful
way forward. It would allow us to
build partnerships both with current
professionals and also with younger
generations that then see themselves
in a field that maybe they haven’t
thought of before. The common thread
is opportunity – I’ve been extremely
fortunate to have opportunities to grow
28
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BY DR VANESSA MOSS (CSIRO)
Registration for The Future of Meetings Symposium is still
open! This will be a three-day CSIRO-hosted conference
held entirely virtually next week on 15th-17th September
2020. It will be an excellent chance to learn more about both
best practice for virtual interactions and tools out there that
can help you achieve it, plus meet some interesting people
you may not otherwise cross paths with. We recognise that
effective ways of interacting virtually is an important topic
to all of us and would like to bring together a diverse crosssection of the Australian and international community - as
such, registration for the conference is free.
Our primary goal with this virtual conference is to address
the topic of “the future of meetings” in a holistic, crossdisciplinary way by considering it alongside key related
themes of technology, accessibility, inclusivity and
sustainability, among others. We have a very exciting and
diverse speaker line-up alongside plans for workshops,
panels and discussions, and this will definitely be an
interesting (and hopefully enjoyable) experiment into
developing new standards and practices for effective
online events.
Please feel free to circulate information about this meeting
to your colleagues and networks, especially if they are from
different fields or backgrounds.
You can register now by going to our event website and
clicking “Register”.

and to learn and follow my passion,
and ensuring that more people from
a diversity of backgrounds have that
opportunity is what’s important.
On that topic, what advice would you
give to those at an earlier stage in
their STEM careers?
I would say mentorship comes in lots
of different forms, and as much as it’s
important to see people with whom
you identify in professional roles to
which you aspire, I think it’s possible
to have mentors that may reflect one
aspect of your passion, personality or
demographic, and maybe not another.
I had sports mentors, and that can
translate into other parts of life. If I
can strive to be a good Goal Shooter
maybe I can strive to be a good
astronomer too…

in Canada we’ve come to appreciate
the beauty of staying here and being
outside enjoying nature. Fewer cars
on the road have given us a chance to
rediscover our bicycles and other more
eclectic forms of transportation. I’ve
been known to ride around on batteryoperated things too.
What kind of battery-operated
things… like a scooter?
More like a hoverboard! It’s been great,
I have two young kids so we’ve been
enjoying getting outdoors as much and
as safely as possible. You can go about
20km on a hoverboard and it’s been
a nice diversion from the humdrum of
daily life. I’m working on getting the
whole family involved, so the hope is
that family hoverboard rides are not too
far in the future!

With so much going on work-wise,
how do you wind down outside
the office? Have you picked up any
new hobbies during the COVID-19
lockdown?

Above: Kristine is keen on outdoor
pursuits, including hoverboarding
with her family! (Seen here with her
daughter, Ella)

I’m a reasonably avid knitter so there’s
been time for that. During lockdown

All images courtesy of Kristine Spekkens.
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SAVE THE DATE! THE 2021 SKA
SCIENCE CONFERENCE IS COMING
BY DR ANNA BONALDI, ON BEHALF OF THE SCIENTIFIC ORGANISING COMMITTEE
We are pleased to announce that the 2021 SKA science meeting, entitled
“A precursor view of the SKA sky”, will take place as a fully virtual event, on 15-19
March 2021.
In the year that will mark the establishment of the SKA Observatory, as well as the
start of SKA construction activities, we want to bring the focus to science, with the
new and exciting results that are being produced by the SKA precursors
and pathfinders and their implication for SKA. The format of the meeting
will include plenary talks as well as splinter meetings organised by
the science working groups. Details on registration and abstract
submission will follow shortly. For now, please save the date!

SOC
Andrei Mesinger
Laura Wolz
Natasha Hurley-Walker
Izaskun Jimenez-Serra
George Heald
Willem van Straten
Jason Hessels
Cormac Reynolds

Stijn Buitink
Alvise Raccanelli
Sebastien Mueller
Sarah Blyth
Eduard Kontar
Jan Forbrich
Anna Bonaldi
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NEWS FROM AROUND THE WEB
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NATURE

10 of South Africa’s most
beautiful spots to stargaze
– Here are some of South
Africa’s most stunning
spots for stargazing as
opportunities for astrotourism grow in the country.

Migrating big astronomy
data to the cloud – An indepth look at how increasing
amounts of astronomical
data are shifting research
to cloud services.

BUSINESS TECH

REMEMBERING PROF. GOVIND
SWARUP
Shortly before going to press, we learned of the passing
of renowned Indian astrophysicist Prof. Govind Swarup.
Professor Swarup was the pioneer of radio astronomy
in India. Over the last seven decades, he built two
of the world’s largest radio telescopes, the Ooty
and GMRT radio telescopes, nurtured a community
of Indian radio astronomers that is among the
best in the world, and inspired many generations
of astronomers, engineers and students.
Born in 1929, he spent his early years in the state of
Uttar Pradesh, before obtaining his MSc degree from
Allahabad University in 1950 and joining the newly
formed National Physical Laboratory (NPL). He then
went on to spend two years at CSIRO in Australia,
working on radio studies of the Sun, before moving to
Harvard Observatory in the US and doing his PhD at
Stanford where he became Assistant Professor.
Upon returning to India in 1963, he set up a radio
astronomy group (which became the National Centre for
Radio Astrophysics, NCRA) funded by the Tata Institute
of Fundamental Research (TIFR) and designed the
500m Ooty Radio Telescope (ORT), completed in 1970.
The success of the ORT led, in 1978, to a proposal for
the Giant Equatorial Radio Telescope (GERT) as a joint
project of “non-aligned” countries led by India to build
an instrument with at least ten times the collecting area
of the ORT. When funding for GERT failed to materialise,
Swarup then went on to design the Giant Metrewave
Radio Telescope (GMRT), a 30-dish array made up of
45-m diameter dishes with an innovative design that
was completed in 1995 and available to the international
community. It is now an SKA pathfinder facility.
Govind was one of the key players in the emergence of
the SKA concept. The ORT and GMRT, together with
other large telescopes elsewhere, like the VLA, provided
the jumping-off point for even larger instruments like the
SKA. The GERT and GMRT science cases also showed
the way on the science by pointing out the potential of
a large collecting area for detecting neutral hydrogen
in emission in the distant universe. This was the first
formulation of what became the initial prime scientific
driver for the SKA. In 1993, with his eye clearly on the
future, he and Ron Ekers (first chair of the International
SKA Steering Committee) proposed the establishment
of a Large Telescope Working Group under the auspices
of the International Union of Radio Science (URSI). This
is recognised as the start of the SKA as a project.

Govind continued to be very involved in radio astronomy
even after his retirement, regularly participating in seminars
and contributing to research papers. He saw the potential
of SKA for India, and was instrumental in ensuring NCRA’s
involvement in the SKA Project from its early days. In the
early 2000s, he advocated a low-cost design for the SKA
dishes based on the GMRT design. In 2014 NCRA formally
joined the SKA Organisation becoming its 11th member, and
later the government of India took over India’s membership.
We will all remember Govind as a superb scientist
and engineer; but he was also an excellent mentor,
both to colleagues around the world and to a large
cohort of students, many of whom are now the leaders
of Indian astronomy. We at SKA and the astronomy
community will miss him and we send our most
sincere condolences to his family and friends.

SA MeerKAT telescope to
be expanded by 20 dishes at
a cost of R800 million – The
SKA precursor telescope
MeerKAT is set to grow in
size thanks to new dishes,
announces the South African
Higher Education, Science
and Innovation minister.
CAPE TIMES
Bold bid to fill ‘leaky pipeline’
– UWC/SARAO senior lecturer
Dr Michelle Lochner is running
a mentorship programme
to assist women students
in developing countries to
realise their potential.
FORBES
Ask Ethan: What In The
Universe Is A Fast Radio
Burst? – Wondering what
fast radio bursts are and
what the fuss is about?
This article is for you!
MY BROADBAND
The fastest network
connection in South Africa
that you can’t get – A look at
the South African National
Research Network (SANReN)
plans to build a 10 Tbps
fibre network to support
South Africa’s scientific
community and the SKA.

RFI
Cesarsky: ‘SKA podrá
detectar si hay vida
inteligente en el universo’
– For Spanish speakers, an
interview with Chair of the
SKA Board of Directors
Dr Catherine Cesarsky.
SINA
Sky Eye to look at Universe:
searching from Pulsar to
Aliens – For Mandarin
speakers, an in-depth look
at FAST’s development
and capabilities.
SPACE CONNECT
SKA and MWA telescope
capability to benefit from
new computing power – The
Pawsey Supercomputing
Centre has just installed a
new AUD $2 million GPU
cluster to support the
SKA precursor MWA.
ASTRONOMY NOW
Survey finds no detectable
alien radio signals across 10
million stars – The Murchison
Widefield Array (MWA), an
SKA precursor, completes
the deepest and broadest
search at low frequencies
for alien technologies.

PARTNER PUBLICATIONS
READ THE LATEST SKA-RELATED NEWS FROM
SOME OF OUR INTERNATIONAL PARTNERS

SKA-FRANCE BULLETIN

SKA JOBS
A number of positions are due to open at SKAO
in the coming weeks and months. Check SKAO’s
recruitment website and register for alerts.
SAFe Product Manager
Fixed term HR Adviser
Group Financial Accountant Technical Writer
EMS Software Engineer
Electrical Engineer
SKA Regional Centre Architect
Editorial & graphic design internships

PARTNER INSTITUTE JOBS
Project Scientist position for the coordination
of the Spanish participation in the SKA
Deadline: Announced Soon
Apply here

EVENTS COMING UP...
AUTUMN ANNUAL
MEETING OF THE
ASTRONOMICAL
SOCIETY OF JAPAN
Conference Link
8 September –
10 September 2020
| Aomori, Japan
43RD COSPAR
SCIENTIFIC
ASSEMBLY
Conference Link
28 January –
4 February 2021
| Sydney, Australia

INTERNATIONAL
CONFERENCE
ON RESEARCH
INFRASTRUCTURES
(ICRI)
Conference Link
2 June –
4 June 2021
| Ottawa, Canada
BIG SCIENCE
BUSINESS FORUM
(BSBF) 2021
Conference Link
28 September –
1 October 2021
| Granada, Spain

SPOTLIGHT ON

PUBLIC AWARENESS OF RESEARCH
INFRASTRUCTURES (PARI) 2021
19 July – 21 July 2021 | SKA HQ (in-person or virtual)
SKAO will host the 4th international PARI conference
on behalf of the Association of European-level
Research Infrastructure Facilities. The conference aims
to be a hands-on forum for communications, public
relations and engagement professionals to share
their experiences and expertise and learn how other
research institutions communicate the importance of
science and of research infrastructures to society.

ASTRON NEWS – JULY 2020
RADIONET

RADIONET NEWSLETTER – AUGUST 2020

All images credit: Tata Institute of Fundamental Research
NEWTON FUND NEWSLETTER – JUNE 2020
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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: Artistic rendering of the gravitational-wave
event GW190814, in which a smaller compact object is
swallowed by a nine-times-more-massive black hole. The
matter stream between the two objects and the look of
the massive black hole are an artistic invention. To the best
of our knowledge, the GW190814 fusion is not thought
to have emitted any light. Image credit: Alex Andrix
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.
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