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Editorial from the Director-General
Dear Colleagues,
Welcome to the December 2018 edition of SKA eNews, a publication
aimed at informing the broad community and the public about
progress towards the construction of the SKA.
Traditionally, newsletters at this time of the year tend to reflect on the
year past, which I’ll do in a moment, but I also want to look ahead to a
hopefully exciting year for the SKA. Looking into my crystal ball, I see
the signing ceremony establishing the SKA Observatory as a treaty
organisation; I see the official opening of the expanded SKA Global
Headquarters in July; I see our biennial major science meeting in April
2019, and our regular engineering meeting scheduled for November; I
also see the final element Critical Design Reviews (CDR) being
completed and the year culminating in the overall SKA System CDR.
I’m sure there will be numerous other milestones along the way, but
these are the major ones I wish to see us accomplish and they will all
be critical to enable us to proceed to SKA1 construction in 2020.
So, looking back on 2018, I’ll provide a partial list of the key
happenings. My apologies go in advance for any I leave off – that is always the risk when one writes down a list:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

February: inauguration of the SKA-Mid prototype antenna in Shijiazhuang, China
April: Telescope Manager CDR
April: 26th Board meeting, Gothenburg, Sweden
May: Signal & Data Transport CDR
May/June: initialling of the SKA Observatory Convention at the Italian Ministry of Foreign Affairs
June: Infrastructure Australia CDR
June: Spain joined the SKA Organisation
July: Infrastructure South Africa CDR
July: SKA Science & Engineering Advisory Committee met at FAST, China
July: 27th Board meeting, Cape Town, South Africa
July: MeerKAT inauguration
July: France joined the SKA Organisation
August: SKA at IAU General Assembly, Vienna, Austria
September: Apertif inauguration
September: Central Signal Processor CDR
September: SKA GQ construction complete, start occupying building
October: MeerKAT integration CDR
November: 28th Board Meeting, SKA HQ, UK
December: Low-Frequency Aperture Array CDR

If I am to highlight just one of those it must be the inauguration of MeerKAT, the 64-dish array in the Karoo,
South Africa. I wholeheartedly congratulate my South African colleagues for this magnificent achievement, which
they commemorated with a memorable image of the centre of our own galaxy.
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I was informed just this week that another milestone achieved was the submission of document #1000 into the
SKA design archive. For those interested, its title was “A Model for SKA Regional Centre global size estimation”
and the lead author was Rosie Bolton of SKAO.
To end, I wish all our readers and colleagues a very Merry Christmas and a Happy New Year.
Professor Philip Diamond, SKA Organisation Director-General.
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Reports from the Consortia
Central Signal Processor

Design of the SKA Central Signal Processing (CSP) Element
Who are we?
The “Central Signal Processor” (CSP) Consortium is comprised of 13 signatories from 8 countries with more than
10 additional participating organizations. The Consortium includes a rich mixture of engineers, scientists and
managers from various academic institutions, industry and government labs spread over 5 continents (see
https://www.skatelescope.org/csp/ for more details). As might be expected, it has been a challenge to proceed
efficiently with such a diverse and distributed team.
The lead organisation of the Consortium is the National Research Council of Canada (NRC). NRC has
contracted MDA Systems Ltd. (a Maxar Company) to assist in leading the Consortium.
What are we designing?
The CSP Element includes design of the hardware and associated firmware/software necessary for the
generation of visibilities, searching for new pulsar candidates, and producing high-fidelity pulsar timing data from
the telescope arrays. More background on the CSP can be found in the previous eNews submissions:
http://newsletter.skatelescope.org/category/pdf-version-of-enews/
Current Status of Design Activities
Since the last eNews submission in July the CSP Team has completed preparing for and executing the LMC
Critical Design Review (CDR) and CSP CDR meetings at SKAO Sept 24-28. Sonja Vrcic led the LMC team
through a very successful CDR that preceded the element level review. Many excellent observations were made
by the expert review panel members for both CDRs. The Consortium addressed these comments and held
constructive discussions at the reviews. Following the reviews, the team made the necessary updates to the
documentation package and submitted them by Oct 31 for final SKAO approval. Once final approval has been
achieved, the CSP Consortium will cease to exist and the member organizations will continue to support the SKA
through the bridging phase via direct MOUs with the SKAO.
The following are some comments by various Consortium leaders, SKAO and CDR review panel members:
Luc Simard, CSP Consortium Leader, NRC: “It’s been a wonderful experience, wonderful bunch of people,
extremely talented, extremely knowledgeable. We have the best of the best, and working with them has been a
real honor. I’d like to thank them from the bottom of my heart.”
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David Stevens, CSP Consortium Project Manager, MDA Systems Ltd.: “This has been a fascinating journey for
me starting over 6 years ago when Brent Carlson and I visited all the potential CSP partners to form the CSP
Consortium. Over the pre-construction period we have had our fill of challenges as we went through rebaselining activities and the down-selection process and the resulting reconfigurations of the Consortium.
Throughout the team has been committed to delivering the best telescope possible and produced a truly
outstanding design for the CSP that is compliant to requirements, cost effective, and power efficient. I am very
grateful for being able to work with such a terrific team and have learned a great deal from everyone. I would like
particularly to thank Philip Gibbs and Wallace Turner of the SKAO (and the rest of the IET) for working so
cooperatively with us all these years. I look forward to continuing to work with you all going forward.”
CSP Element CDR Review Panel: “The Element design is convincing, providing detailed analysis and rationale
for the partitioning of the Element, for both Mid and Low telescopes, into the Sub-Elements with thorough
traceable flow down of requirements and interfaces. Where assumptions have been made these have been
clearly and formally captured and reviewed (these will provide an invaluable resource in progressing the SKA1
Project towards its System CDR). The development, prototyping, integration and testing of a viable
implementation of the CSP Element are clearly identified with a consistent level of design detail across all
documentation. The designs are convincing, with supporting simulation and modelling results indicating that
nearly all functional requirements will be met.
An impressive volume of documentation was delivered in plenty of time for the review. This documentation was
consistently comprehensive, clear and well written describing the design in an appropriate level of detail showing
that the performance has been rigorously checked against the requirements though there are a few noncompliant and partially compliant items which are documented. The Panel believes, given the provided
rationales, these have negligible impact on the telescopes.
The Consortium have produced simple but efficient architectures optimised to work within the extremely tight
constraints of low power consumption and cost whilst minimising risk. The Frequency-slice concept and the
Pulsar Search’s processing density are major contributors in this regard. Innovations such as the frequency
offset scheme for the Mid telescope offers improved performance for the Telescope regarding RFI suppression
and reduction of aliasing artefacts.
It has been difficult for the Panel to identify any gaps specific to CSP due to the high quality and completeness of
the CSP CDR submission.
The Review Panel unanimously and unreservedly recommend that the CSP Element team have fully passed the
Element CDR review.”
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Report provided by the CSP consortium

Low-Frequency Aperture Array

[Note: This contribution was sent before the LFAA CDR, that was held at SKA HQ on 11-13 December]
The consortium together with the SKAO completed the Critical Design Review material. The CDR was held in
early December 2018, the final milestone of the consortium. In the meantime, engineering work continues.
Aperture Array Verification System 1, AAVS1: initial evaluation

SKAO eNewsletter December 2018
www.skatelescope.org

7

Steady progress is being made to characterise and verify the performance of the SKA-Low prototype system
Aperture Array Verification System 1. AAVS1 is a full-scale prototype system consisting of 256 "SKALA2" log
periodic dipole antennas arranged in a pseudo-random configuration with diameter 35 metres.

Figure 1. Areal shot of the AAVS1 station
AAVS1 is primarily a test and verification system aimed at:
● providing on-the-ground experience in deploying, commissioning and maintaining SKA-Low hardware and
software
● verifying the proposed station-level commissioning and calibration plan
● verifying the performance of station-level beamforming against SKA sensitivity specifications
● shaking down core station-level software and firmware for calibration and beamforming
The existing system has been in the field at the Murchison Radio-Astronomy Observatory (MRO) for over 12
months now, showing very little issues. The field hardware, as well as the hardware located at the CPF, has
showed reliable operations.
This report is a summary of work that has formed part of the large documentation set submitted for LFAA CDR,
specifically the LFAA Demonstrator Test Report.
Initial bootstrapping of AAVS1
While the primary outputs of SKA-Low stations as part of the SKA telescope will be station beams, AAVS1 is a
standalone system that is being used for verification, so most of the characterisation work for AAVS1 thus far has
been performed by using the station as a standalone 256 antenna interferometer. The activities have thus been
following a series of steps to "bootstrap" the system from initial deployment (where we know nothing about the
system) to full station beam.
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Using debugging and/or calibration modes of the station firmware, standard radio interferometric cross-correlation
products (the "visibilities") can be generated between all antennas for a single (~1 MHz wide) coarse channel
using the internal GPU-based correlator. Alternatively, raw voltage data for a single coarse channel for all
antennas can be written to disk for short (~2 seconds) bursts.
The bootstrapping process broadly consists of:
1. Checking signal level and normalising the power levels for each antenna (as described in the previous
edition of SKA eNews)
2. Verifying that there are no large unanticipated/uncorrected delays between signal paths in the station.
(This is an assumption/requirement associated with forming station beams at the coarse channel level
such that there is no bandwidth decorrelation over the channel.)
3. Verifying the mappings between antennas (including location and polarisation labels), through the
analogue and digital systems, to voltage and visibility data
4. Verifying that the station can be calibrated using a sky model that incorporates the sun and diffuse
background sky
The second and third items in the bootstrap list above were achieved by manually forming visibilities with 32 "fine"
spectral channels from a few seconds of captured (single coarse channel) raw voltage data, then converting the
visibilities to a standard radio astronomy data format. This dataset was collected in April when the sun was the
single dominant radio source in the daytime sky. The data showed:
● Signal path mappings were mostly correct
● Some antennas had their polarisations swapped
● There were no large uncorrected delays in the system, which would have manifested themselves as a
large phase slopes over the coarse channel
● The digital coarse channel bandpass qualitatively looks as expected
A "first image"
The data described above where used to create an all-sky image with the Sun as the dominant compact source at
the phase centre.
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Figure 2. The image above shows the first image made by AAVS1 using approximately 2 seconds of data centred
on 160 MHz. The image is the XX polarisation using robust -0.5 weighting, all baselines and light (niters=2000)
cleaning. The sun is at RA/DEC 1.4/9.3, which is the phase centre of the image. (Note for scale, the sun has been
assigned as a 10000Jy source. The intensity scale at the bottom deliberately burns out the sun so that other
features can be seen.) Since the image is a snapshot, is has a slant orthographic projection such that the
coordinate system is accurately represented by ds9 in this view. As well as the sun, two other radio sources are
clearly visible: Fornax A and the LMC. Eagle-eyed readers will also spot the SMC and PKS2356-61.
Towards quantifying calibration accuracy and stability of AAVS1
After the initial bootstrap, the internal station GPU-based correlator was used to generate visibilities from a single
coarse channel for many hours to test both the stability of the system and the ability of various calibration
schemes to use the diffuse galactic sky to calibrate the station. Daytime data from the southern autumn were
particularly useful for diagnostic use. Example calibration solutions from a 2-hour dataset using the sun as a
calibrator are shown below.

Figure 3. This image shows example phase solutions from a 2-hour 160 MHz dataset using antenna 2 as the
reference. The solutions are generally flat with small deviations on ~20 minute timescales.
24 hour datasets were collected in May, June and July. Using the calibration solutions from daytime data, the full
24 hour dataset was imaged at 1 minute intervals. An example snapshot image is shown below.
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Figure 4. A zenith-pointed all-sky image at 160 MHz from AAVS1. The compact station is sensitive to the largescale diffuse emission from the Galactic plane, which is clear in this image. Also visible are several "A-team" radio
sources including CenA, VirA, HydA and TauA.
In order to estimate the stability of the station calibration over time, a statistical analysis of the calibration solutions
was performed for different datasets (daytime, nighttime) and calibration schemes. Each solution dataset was
divided in 10-minute bins, which is the timescale employed as update rate in the SKA-low station calibration.
For every sample, the variation of the phase and amplitude solutions, relative to the beginning of each 600-s
interval, was calculated for every antenna. The figure below shows an example of phase difference distribution
calculated for the 2018-11-08 solar observation, in particular the channel corresponding to 160 MHz of observed
frequency, in the XX polarization. Here the calibration solutions were obtained using a sun-based calibration
scheme.
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Figure 5. This plot shows the drift in the phase solutions in 10-minute bins calculated for the 2-hrs observation
carried out on 2018-11-08 centered on the solar transit.
The plot of the amplitude variations of the same complex solution set is shown below.

Figure 6. Drift in the amplitude solutions in 10-minute bins calculated for the 2-hrs observation carried out on
2018-11-08 centered on the solar transit.
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The variations of the complex calibration solutions in each bin were investigated using a number of statistical
parameters. A preliminary Kolmogorov-Smirnov was applied to the calibration solutions per antenna and it
confirms that their variations follow a Gaussian distribution in both phase and amplitude, as expected.
A statistical parameter, useful for the stability analysis, is the maximum standard deviation of the solution
variations among all samples contained in each 10-minute bin. It allows the comparison with the SKA LFAA
stability requirements.
For example, the values of that parameter calculated for the phase solutions of the 2018-11-08 solar observation
is illustrated in the following plot, for both the XX and YY polarizations at 160 MHz.

Figure 7. Maximum standard deviation of the phase cal solutions at 160 MHz within 600-s bins measured during
the 2018-11-08 solar observation for the XX (blue diamonds) and YY (red dots) polarizations.
Also for other observations and frequencies, as in this case, the calibration solutions in YY polarization seem to
be less stable than the XX one, in both amplitude and phase. This behavior needs to be further investigated.
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Antennas

Figure 8. Prototypes of the SKALA4 antenna under tests at the MRO (SKALA4 UCAM), Western Australia (left)
and during wind tunnel tests (SKALA4 INAF)
Two versions of the new LFAA antenna SKALA4 have been realized and tested, a steel version by UCAM and
Cambridge Consultants Ltd. and an aluminum version by INAF in collaboration with CNR-IEIIT and the industrial
partner Sirio Antenne. Two SKALA4-AL prototypes have been built, one of them used for tests in Italy, while the
other antenna has been shipped to the Murchison Radio Observatory (MRO) site in Australia.
Receiver
An option under consideration is an alternative location for the RFoF units. In Figure 9. A proto type of the so-called
Smart box is presented.
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Figure 9. Smart box combining 16 Front End Modules
Unmanned Aerial Vehicle (UAV) for verification
New-generation radio telescopes such as the SKA’s aperture array require advanced techniques to confirm the
desired performance and calibrate the instrument. At low frequencies, the strong mutual coupling between the array
elements and the interaction of the antennas with the environment can drastically alter the expected response of
the elements and compromise the calibration process.
In this context, an antenna measurement system consisting of a radio-frequency signal source mounted on an
Unmanned Aerial Vehicle (UAV) has been developed in order to perform tests at both subassembly and end-toend level. Measurement campaigns have been successfully carried out on two prototypes of the SKA low-frequency
instrument placed in United Kingdom and on a station of the LOFAR radio telescope in The Netherlands. Recently,
near-field verification strategies have also been proposed.

Figure 10. UAV drone used for measurements of the SKALA4-AL (INAF)
Report provided by the AADC consortium
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Mid-Frequency Aperture Array

The AAMID Consortium, working on the Mid-Frequency Aperture Array (MFAA), an Advanced Instrumentation Work
Package, aims to demonstrate the feasibility, competitiveness and cost-effectiveness of MFAA technology for
SKA2. The key advantage of AAs is the capability of realising a very large Field of View and sensitivity, which results
in an unsurpassed survey speed. Furthermore, AAs are capable of generating multiple independent FoVs,
enhancing the efficiency of the system, for calibration and for multiple concurrent observations.
Aperture Array Front-End design for Mid-Frequency Aperture Array
The beamformer network for the MFAA prototype is investigated further. A comprehensive GUI to control the phase
and amplitude at the element level (8x8 dual polarised finite array) is given in the Fig. 1. The control of the
beamformer has a modular design. Therefore, the whole system is scalable and number of sub-tiles or elements
can be added easily in the beamformer control system. The modular design is shown in Fig. 2.

Figure 2. The GUI for the channel response measurements.
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Figure 3. The beamformer control – a modular design.
The channel responses from different channels with various delay steps applied have been characterised. For the
quad board, for the same chip with different channels, such as channel 1&3, the measured absolute time delay is
shown in Fig. 3. The correlation between channels appears to be no difference.
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Figure 4. The channel delay responses at different channels on the same chip on the quad board.
However, some delay differences are observed for the channels from different chip, such as for the chip 54 and
55, when the channel 3 are measured for both chips, the delay performance is shown in Fig. 4. A significant
discrepancy from the same delay step can be observed. This will needs to be calibrated out before further
beamforming steps.

Figure 5. The channel delay responses from different chips on the quad board.
The relative time delay over different frequency is shown in Fig. 5. Approximately 2.4ns total delays can be
achieved, however, there are small differences from different channels.
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Figure 6. The relative time delays in different channels at the maximum delay step.
Outreach Activities of MFAA
MFAA front-end team joined the “Towards an All-Sky Radio SETI Telescope” workshop at JBCA.
http://www.jodrellbank.manchester.ac.uk/news-and-events/wide-field-seti-workshop/
Two presentations have been given:
§ All-Sky Multimode Antennas - David Prinsloo
§ RAAIR and SETI – David Zhang
Report provided by the AAMID consortium
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Signal and Data Transport

Earlier this month the SADT Consortium completed the last of the actions arising from Critical Design Review
(CDR) completing CDR close-out from a technical / design point of view. As a result, we held the final SADT
Consortium team telecom meeting, which was dedicated to the discussion of SADT technical work. In order to
formally close out the CDR, the agreed document set now needs to be filed in the SKAO’s document
management system and the proposed SADT design will then be baselined, a process that will be completed
in the course of December. The design is now fully owned by SKAO. With the Consortium now formally
dissolved, many of the former members are looking forward to supporting the SKAO during the Bridging Phase,
implementing engineering changes that arose after the requirements freeze and addressing issues that are
coming to light during the CDRs of other elements. To kick-off bridging work in earnest key members of the
UoM SKA Networks (ex-SADT) team will be participating in the inaugural SKAO SAFe Programme Increment
(PI) Planning Meeting to be held at the SKAO in the first week of December.
As Consortium Lead I would like to take the opportunity to thank all members of the Consortium for their hard
work over the last few years. We have successfully delivered a design for the SKA networks which is robust,
on-budget, fully documented and well-engineered. This is an achievement that the whole Consortium can feel
very proud of. It has been a pleasure to work with such a dedicated team of professionals. Thank you.
Report provided by the SaDT consortium

Infrastructure Australia

1881 . That is the number of days since the Square Kilometre Array Organisation (SKAO) and Infrastructure
Australia (INAU) met to kick-off the pre-construction phase design for SKA1 in October 2013 (to the time of
writing this article).
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5 . The number of global Engineering Meetings held, starting with Old Trafford in Manchester in 2013, Fremantle,
Penticton, Stellenbosch and Rotterdam.
2 . For the number of full independent design reviews undertaken. The Preliminary Design Review (PDR) in
February 2015 and the Critical Design Review (CDR) in June 2018.
1 . The number of outstanding actions, being the preparation of this article!
The INAU team led by CSIRO and Aurecon had previously successfully collaborated on various antenna related
project from a design study in the early 1980s, for what was to become the Australia Telescope, right the way
through to Australian SKA Pathfinder (ASKAP) project.
Designing the SKA-low infrastructure has been immensely challenging – both from a purely engineering
perspective and from a project management view:
From an engineering perspective it was due to the unusual constraints required to support such a sensitive radio
telescope in outback Australia in a way that does not interfere with the radio signals coming from the Universe.
Through a highly collaborative team approach that encouraged innovation, we have designed:
• Infrastructure over a large site area where none currently exists. The infrastructure designed covers a 40
km radius and includes roads and tracks, fibre and power distribution, communications, site monitoring,
and buildings.
• The Central Processing Facility protects the radio quiet environment at the remote site and is a unique
building with the primary function of receiving the Petabits of data per second on over 65,000 fibre optic
cables from the 132,000 antennas and houses the custom data processing systems. The building design
includes a fully welded, double shielded enclosure to prevent the RFI from the electronic and electrical
equipment contained inside the building from interfering with the sensitive receiving antennas outside.
The building is designed to be pre-fabricated and brought to site in modules in response to the logistics
associated with the site’s remote location. This method will keep site labour costs down and minimise the
potential quality risks associated with remote building construction. The building design was optimised
and modelled using Building Information Modelling (BIM), a software approach that also gives
stakeholders the ability to ‘walkthrough’ the building in a virtual environment. BIM allowed testing and
amendments to the building components, usability and layouts in real time.
• Ground preparation for the antennas and the road designs utilising construction techniques consistent
with the general practice in the Murchison area. Cleared areas have been kept to a minimum, and
existing tracks or previous routes will be retained as far as possible to minimise disturbance to vegetation
and the natural lay of the land.
From a project management view was because of the complexities around a collaboration involving a dozen
countries, over a hundred institutes and companies spread over almost all the time zones on the planet. The
collaboration and interactions with the many groups involved, especially the Infrastructure South
Africa Consortium, has been a real pleasure and learning experience for us.
But of course it isn’t the end for Infrastructure Australia – we now morph into a group supporting the Bridging
activities.
Finally, INAU thanks all the many people who helped get it to this point – but in particular would like to thank
Martin Austin, our EPM in the Office, who has shown great tolerance of our foibles and maintained his sense of
humour in the face of our obstinacy on many topics. Thanks for challenging us and keeping us on the straight
and narrow!
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Report provided by the Infrastructure Australia consortium

Infrastructure South Africa

The INFRA SA Consortium is responsible for the design of the Infrastructure & Power Sub-elements for SKA1mid in South Africa. This includes Access (roads, civil works), Buildings, Communication, Site Monitoring,
Security, Antenna Foundations, Vehicles, Power, Water and Sanitation.
The INFRA SA Consortium held its Critical Design Review from the 2-4 July 2018 in Manchester. This heralds
the culmination of five years of design work starting with the preliminary design work in 2014, a successful PDR in
April 2015 and CDR in July 2018. All the CDR close-out actions have been concluded and the Mid
Infrastructure design baseline is being finalised.

As Consortium Lead, I would like to firstly congratulate the INFRA SA Consortium for their hard work, dedication,
commitment and many late nights and weekends worked throughout the five year period.
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The Consortium comprises of a number of SARAO Engineers and various South African industry partners
involved in both the preliminary and detailed design phase which include:
Aurecon South Africa, HHO Consulting Engineers, Group Five (Pty) Ltd, Letter 27, Ingerop, Element Consulting,
Simera, SAICE Development and Projects amongst others.
We have also successfully managed to use the INFRA SA Consortium as a platform for the development of
young South African engineers by exposing them to system engineering, design engineering, project
management and construction management skills during the life of the Consortium. Once again, I am very proud
of the achievements of our young engineers in terms of their growth and development.
Secondly, thanks must go to the SKA Project Office and in particular our EPM, Martin Austin and Power
Engineer, Adriaan Schutte for keeping us on the straight and narrow. Many thanks must also go to the other
Consortia for their collaborative spirit and engagement in defining and working through the interface requirements
as well as to the SEAC for their ongoing support and strategic guidance during the design phase.
A Good Ideas Group (GIG) was also established with Infrastructure Australia Consortium and this served as a
great mechanism to share ideas, lessons learnt and best practice in both host countries. Reciprocal site visits
were arranged during the design phase as well as internal reviews were held between both Consortia to ensure
consistency and alignment where possible.
The preliminary design phase or Stage 1 of the Consortium has been funded by the South African Radio
Astronomy Observatory and Stage 2 or the detailed design phase by EC Horizon 2020.
The Consortium set out at very clear objectives at the commencement of the design phase which included:
1) Re-using as much of the MeerKAT infrastructure as possible to optimise on costs;
2) Using lessons learnt from MeerKAT to inform the design of the SKA1 infrastructure and power and;
3) Changing designs where necessary (e.g. SKA1 antenna foundations) and constructing an SKA1 antenna
foundation prototype which was tested and verified that the design complies to the requirements.
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Photo: Pull tests being undertaken of SKA1 antenna foundation prototype
It is evident from the detailed design submitted for CDR, that these objectives were successfully achieved.
A number of site characterisation studies were undertaken to inform the design, which include a geotechnical
investigation, LIDAR survey and geohydrological investigation of the SKA site. These studies have been
extremely important to reduce risk and costs as far as possible and will be important source documents for
contractors during construction.
It is anticipated that the CDR baseline will be achieved in December 2018. A number of bridging activities have
been agreed to between SARAO and the SKAO with initial planning underway on the Phase 1 bridging activities.
As Consortium Leader, I am looking forward to my role continuing with Construction Planning activities moving
forward and finalising the construction licenses, land and other regulatory requirements required to host
SKA1_MID in South Africa!

Report provided by the Infrastructure South Africa consortium
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Assembly, Integration & Verification

Introduction
The Assembly, Integration and Verification (AIV) work package represents one of nine key elements that will make
up the SKA1 Telescope. Whereas the other eight elements are tasked with designing key components of the SKA1
Telescope, the AIV element is tasked to perform all necessary planning to integrate these key components into a
telescope system that meets the engineering (Level-1) requirements.
The SKA1 (SKA Phase 1) Telescope Reference Baseline consists of SKA1-MID, which will be located in South
Africa, and SKA1-LOW, which will be located in Australia. SKA1-MID consists of approximately 200 dishes, of
which 64 dishes are from the MeerKAT precursor telescope and the remaining dishes are a new design which is
currently in the design phase. SKA1-LOW will consist out of approximately 512 SKA1-LOW Stations, which will
include a total of approximately 130,000 individual low-frequency antennas.
The member organisations of the AIV Consortium are SARAO, CSIRO and ASTRON, with SARAO leading the
consortium. All three member organisations have significant experience in building radio telescopes, and therefore
have a vast amount of integration and verification know-how that is benefitting the AIV work package.
MeerKAT Integration Review
Towards the end of SKA1-MID construction, MeerKAT will be integrated into the SKA1-MID array. In order to
ensure that all of the necessary integration planning has been completed and to understand the remaining
integration risks, a MeerKAT Integration Review was held in Cape Town from 23–25 October 2018. The scope of
the Review included an assessment of the Telescope integration planning work in preparation for System CDR,
and the consideration of the programmatic aspects of integrating MeerKAT and SKA in a broader sense. A panel
of SKAO and external experts led the review.
The Review Meeting started with a visit to the MeerKAT site, to help orientate the Review Panel. The review itself
extended over two days, but a further day was allocated for follow-on meetings to discuss MeerKAT Lessons
Learned, to agree the next steps on EMC-related work, and to finalise the post-review actions.
A total of 219 Observations (OARs) were recorded by the Panel, Reviewers and Observers, and a total of 155
Actions were agreed during the review process. The actions span the SKAO, other SKA Partner Institutions and
SARAO. Some of the actions are programmatic and will be passed on to the SKA-MeerKAT Programmatic Working
Group (SMPWG). The AIV Consortium is responsible for closing out 89 of these actions by January 2019.
Each OAR was discussed at the meeting and the resultant actions were categorised into one of six Action Types:
1. No further action required
2. Agreed action to be done as part of closure of the MeerKAT Integration work
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3.
4.
5.
6.

Agreed action to be done by the AIV Consortium before AIV CDR
Action required by the SKAO or other Partners
Proposed activity that could be part of Bridging work, detail to be agreed between SKAO/SARAO
Proposed action for the SMPWG, relating to Agreements between SKAO and SARAO.

Figure 1 below shows the total number of agreed actions per Action Type, including the actions agreed before the
Review Meeting.
In conclusion, the Panel Report states:
The Panel congratulates the AIV Consortium for their excellent work which has now defined the
requirements, design and interfaces of the MeerKAT Integration. Commendable progress was made since
the previous review in 2017 despite the small size of the team.
Previous SKA eNews editions that covered the topic of MeerKAT Integration:
• Newsletter volume 38 – August 2018
• Newsletter volume 32 – September 2016
• Newsletter volume 31 – April 2016
• Newsletter volume 30 – December 2015
• Newsletter volume 29 – July 2015

Figure 1: OAR Action Types agreed during and after the Review Meeting.
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Figure 2: Site visit of MeerKAT Integration Review Panel.
From left to right: Donald Gammon (AIV), Craig Smith (INFRA-SA), Tracy Clarke (SEAC), Richard Lord (AIV),
Peggy Perley (NRAO), Nico Kriek (SARAO), Matthew Lilley (SKAO), Marco Caiazzo (SKAO), Federico di Vruno
(SKAO), Justin Jonas (SARAO), Job Obiebi (SKAO), Rick Perley (NRAO), Andreas van Zyl (SKAO).
AIV Critical Design Review (CDR)
The journey of the AIV Consortium is nearing its end. All required documentation for the AIV CDR was submitted
at the end of November 2018. The review meeting itself is scheduled for the first week of March 2019.
This edition of the SKA eNews highlights some of the achievements of the AIV Team.
The Roll-Out Plans
The Roll-Out Plans for SKA1-MID and SKA1-LOW provide the basis for the delivery of products and for the planning
of commissioning, integration and verification activities. They have been covered extensively in previous SKA
eNews editions:
•
•
•
•
•

Newsletter volume 33 – December 2016
Newsletter volume 32 – September 2016
Newsletter volume 31 – April 2016
Newsletter volume 30 – December 2015
Newsletter volume 29 – July 2015
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The manner in which the SKA1 Telescope is rolled-out during construction significantly affects the Observatory’s
ability to mitigate risk. Radio Telescopes lend themselves to be rolled-out in stages, which makes it possible to
verify the system in stages. It is imperative to identify and rectify problems as early as possible, because it becomes
more and more costly and time-consuming to rectify problems further downstream. The development of the
Telescope Roll-Out Plans is therefore primarily concerned with risk mitigation.
The Telescope Roll-Out Plans identify five major roll-out stages:
• Integration Test Facility Qualification Event (ITF QE)
• Array Assembly 1
• Array Assembly 2
• Array Assembly 3
• Array Assembly 4

MeerKAT Precursor

Site

Number of SKA1 Dishes deployed

1
Dish

2
Dishes

Integration Test Facility (ITF)

Front-End Integration
INFRA, SaDT, DISH

ITF
Integration
Events

4
Dishes

AA1

AA2

AA3

AA4

Dish
PRR

Quality
Gate

ITF
Qualification
Event

ITF
Qualification
Event2

ITF
Qualification
Event3

ITF
Qualification
Event4

Dish Receiver, SaDT,
CSP, TM, SDP

Figure 3: Telescope Roll-Out Plan, showing the Qualification Event in the ITF and the four Array Assemblies on
site.
Verification Requirements
The Verification Requirements provide a high-level description of how each L1 Requirement will be verified. This
work also identifies at what level of system integration the verification will be performed (ITF, AA1, AA2, AA3, AA4)
and who is responsible for executing the verification. Developing Verification Requirements is an important
precursor to developing the I&V Plans and Test Procedures.
Previous SKA eNews editions that described the verification planning work:
• Newsletter volume 38 – August 2018
• Newsletter volume 36 – December 2017
• Newsletter volume 35 – August 2017
• Newsletter volume 34 – April 2017
• Newsletter volume 33 – December 2016
• Newsletter volume 29 – July 2015
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Figure 4: Relationships between Data Elements of the Verification Model.
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Non-Functional
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Figure 5: Verification Events aligned within a tree structure.
Integration & Verification Plan
The Integration & Verification Plan for the SKA1-MID and SKA1-LOW Telescopes provides a structured framework
in which all commissioning, integration and verification activities will be carried out in a coordinated manner during
the Construction Phase. The purpose of this document is to generate a plan that can be used during the
Construction Phase to manage these commissioning, integration and verification activities.
The key inputs to the I&V planning process are:
• Verification Requirements
• Roll-Out Plan
Pevious SKA eNews editions that covered the development of the I&V Plans:
• Newsletter volume 38 – August 2018
• Newsletter volume 36 – December 2017
• Newsletter volume 35 – August 2017
• Newsletter volume 31 – April 2016
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•

Newsletter volume 30 – December 2015

Figure 6: Example schematic from the SKA1-LOW Integration and Verification Plan.

Figure 7: The schedule of Verification Events and Test Procedures is maintained within MS Project.
Test Procedures
High-level Test Procedures were developed that present a further elaboration of the system's Verification
Requirements, providing more detail with regard to the test setup, test method and pass/fail criteria.
Full traceability is given with regard to:
• The originating System (Level-1) Requirement
• The derived Verification Requirement
• The Test Procedure executing the Verification Requirement
Some Test Procedures show no traceability to System (Level-1) Requirements. These tests are referred to as
Commissioning Tests (or System Tests) and are seen to be needed to commission the system, but they do not
directly verify a System (Level-1) Requirement.

SKAO eNewsletter December 2018
www.skatelescope.org

30

Pprevious SKA eNews editions that covered the development of Test Procedures:
• Newsletter volume 38 – August 2018
Integration Test Facility (ITF)
The ITF is an off-site laboratory environment with an end-to-end line-up of products. The qualification event in the
ITF is an important precursor to shipping products to the remote sites. An important lesson that has been learned
from the precursor projects is to perform as much as possible of the qualification and verification work off-site, i.e.
in an ITF, where it is easier to troubleshoot any issues. A set of system-level design qualification tests will be
executed in the ITF, once a representative line-up of prototype and pre-production hardware/firmware/software has
been installed and integrated in such a facility. All major products of the signal chain shall be tested within the ITF,
and need to successfully pass the ITF Qualification Event, prior to final installation on-site.
Product Hand-Over Process
The hand-over of products to the SKAO is an important quality gate for subsequent commissioning, integration and
verification work. In order to minimise I&V issues at system level, it is important to have contractual agreements in
place, so that only mature and well-tested products are received for system integration..
Previous SKA eNews editions that covered the Product Hand-Over Process:
• Newsletter volume 30 – December 2015
Safety Management Plan
A Safety Management Plan was written to provide information and clarity with respect to a healthy and safe working
environment during the construction phase of the SKA1 Telescopes for AIV employees, the environment, equipment
and installations. This document is an addition to the main/overall SMP (from SKAO) and is specifically AIV work
related.
AIV Resource Plans
One of the last documents that was written by the AIV Consortium is the AIV Resource Plan for SKA1-MID and
SKA1-LOW. This document identifies the resources that are needed to perform the integration, commissioning and
verification activities during construction.
The following resource categories were addressed:
• Human Resources
• Support Needs
• Equipment
• Facilities
Human Resources make up most of the AIV costs, and therefore this category was the primary focus of this
document.
Challenges
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Experience with other radio telescopes has consistently shown that the roll-out activities and AIV work scope is
often under-estimated, even at component level, and often causes delays in deployment, due to re-engineering and
retrofitting of components. This may significantly increase the total cost of the system.
Many issues that are discovered during “downstream” integration and verification are the result of “upstream”
neglect. Early in the project, during the design stage, science requirements need to be accurately translated to
Element-level requirements, and interfaces between products need to be accurately defined.
User Requirements Validation
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Figure 8: V-Diagram, showing top-down design and bottom-up verification.
Report provided by the AIV consortium

DISH

The very latest news from the Dish Consortium would be that the Dish Preliminary Critical Design Review has
just been successfully held. This has been considered as a great opportunity to improve the Dish CDR process
as well as the System CDR. In the past few months the Dish Consortium has been fully involved in the
preparation of the meeting. Nearly 200 documents have been submitted for review and hundreds of
SKAO eNewsletter December 2018
www.skatelescope.org

32

observations, actions and responses have been placed by the review panel and the consortium in a short period
of time. The panel has reviewed the Dish element in a very comprehensive way including the requirement
traceability, addressed non-compliance, design maturity, design stability, interface, qualification results,
verification plans, construction plans, change management process and risks and mitigations. The outcome of
the meeting is positive and there are several actions identified to follow up preceding the system CDR. It is
recognized that the consortium resource is limited and the actions to this from the Dish Consortium and SKAO
have been identified.
Apart from the works for the Dish Pre-CDR, the development and qualification works of each sub elements have
been kept on tracks thanks to the remarkable efforts by the sub-element teams.
System Engineering
While the preparation of the Pre-CDR meeting ongoing, the system engineering team has successfully led the
two sub-element CDR meetings, the Single Pixel Feed Band1 and the Local Monitor & Control, which are now
expected to be closed by the end of this year. The system engineering team has also been involved in the SPF
Band2 CDR closure, the detail design of SPF Band5 and the qualification tests of Dish Structure team.
Dish Structure
The Dish Structure team has been working intensively on the two qualification tests of two prototype dishes, the
reflector performance test on SKA-P and the Electro-magnetic Interference test on SKA-MPI Servo System. It is
believed that these works shall remarkably contribute to the progress of Dish Structure CDR as well as the Dish
CDR. In general these test results are exciting and inspiring. A series of tests have been performed on SKA-P in
the past few months, along with the discussion on the qualification procedure and months of working on the
holography test. The preliminary test results of SKA-P reflector performance has been discussed as a key topic
during the pre-CDR meeting. It is exciting to see that the information and ideas have been shared and much of
confidence has been built. The dish structure team intends to continuously optimize the SKA Dish prototype
performance, adding up the maturity of SKA-MPI installation and alignment. Another noted progress is from the
EMI tests on SKA-MPI Servo system. After the system level tests in South Africa, the components levels tests
and modifications is about to accomplish in Germany. The dish structure team has put massive efforts onto this
to challenge the very strict EMI requirements. The first stage of SKA-MPI installation has been completed. It is
planned that the construction of SKA-MPI will be restarted early next year.
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The Receiver development is progressing towards its delta DDR, with newly detail design and fabricated
hardware. The FPGA firmware porting from Xilinx to Intel/Altera Talon platform has been largely complete. The
new Band123 ADC board is now ready for the test. Except the ongoing detail design of receiver Band123 and
power supply, the team has started the development of the SPFRx LMC Tango software porting from
BeagleBone SBC to Talon on board linux host, firmware of data streaming demonstration from ADC to Talon
Board and the CSP Emulator.
SPF Band5
The detail design is also in progress for the SPF Band5 team. The feed package controller detailed design and
prototyping is ongoing, with focus on the definition of internal interfaces within the FPC. Detailed drawings are
being created for the horns and OMTs for bands 5A and 5B. The parts for testing the LNA supports for
temperature control have been drawn up. All parts have been made apart from the new shields. The new test
window (60mm thick HD30) has been made and is now under vacuum. In parallel with this, the SPF Band5 is
working on the window geometry for different aperture sizes and HD30 thicknesses. The DDR meeting for the
SPF Band5 is expected to be held at the end of February 2019.
SPF Band2
In the aspect of sub-element CDR, the SPF Band2 team has been working on finalizing their CDR closure. The
closure actions of Band2 feed and controller have been completed at the end August and the S-parameter and
noise test equipment has been built. After that, the SPF Band2 team has been focused on the helium
compressor and the vacuum system. There are two helium compressor, the SHI compressor and the OCS
compressor, are under discussion. After updating the qualification test procedure, the SHI compressor has been
considered as an available choice. The OCS compressor is waiting for its RFI test and on-site test in South
Africa. The evaluation is still ongoing but the interface has been finalized.
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Another two major milestones achieved are the SPF Band1 CDR meeting and LMC CDR meeting, held on 18th
September and 20th September respectively. The successful meeting of SPF Band1 was the consequences of
comprehensive qualification tests in South Africa and Sweden, including the EMI tests, environmental tests,
MeerKAT on-dish test, etc. The LMC team has been focusing on the software such as interface, control action
and simulator. The team is closing the CDR with checking the hardware and getting preparation for SKA-MPI
integration.
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The DFN team is updating the DFN design baseline in accordance with Dish change management process. The
preparations for a possible early integration onto the SKA-MPI will get underway in January 2019.

Report provided by the DISH consortium

Science Data Processor

At the end of October the SDP Consortium submitted its full document set for Critical Design Review. (These can
be found at http://ska-sdp.org/publications/sdp-cdr-documentation) together with a large number of supporting
memos (http://ska-sdp.org/publications/released-sdp-memos-i and http://ska-sdp.org/publications/released-sdpmemos-ii). Table 1 below shows the documents in three main categories: those associated with software and
hardware architecture; those explaining the supporting prototyping work that has been undertaken in support of
the architecture, and finally those associated with system engineering (SE) and programmatics aspects (e.g.
specifications for how SDP interfaces with the wider telescope systems and how components will be
constructed). The documents will receive observations from a panel of reviewers up until the end of December.
Responses to the observations and scenarios to ‘test’ the architecture will then be discussed at a review meeting
from 15th to 18th January 2019 at Jodrell Bank.
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Category

Title(s) of document(s)

Architecture

●
●
●
●
●
●
●
●
●
●
●
●

SKA1 SDP High Level Overview
SKA1 SDP Architecture Reading Guide
SDP Component and Connector Views
SDP Functional View
SDP Hardware Decomposition View
Mapping spreadsheet
Parametric models of SDP compute requirements
SDP Science Pipeline Management Use Case View
SDP Science Pipeline Workflow View
SDP System Data Model view
SDP System-level Security View
SDP System Module Decomposition and Dependency view

SE &
programmatics

●
●
●
●
●
●
●
●
●
●

SKA1 SDP Configuration Item Data List
SKA1 SDP Construction and Verification Plan
SDP Construction Schedule
SKA1 SDP Integrated Logistics Support (ILS) Plan
SKA1 SDP Operations Plan
SKA1 SDP RAM Analysis
SDP RAM Analysis spreadsheet
SKA1 SDP Requirements and Compliance Statement
SKA1 SDP Risk Register
SKA1 SDP System Sizing

Prototyping
reports

●
●
●
●
●
●

SKA1 SDP Prototyping Reports Overview
SKA1 SDP Algorithm Reference Library (ARL) Report
SKA1 SDP DALiuGE Prototyping Report
SKA1 SDP Delivery Prototyping Report
SKA1 SDP Execution Frameworks Prototyping Report
SKA1 SDP Performance Prototype Platform (P3-ALaSKA)
Prototyping Report
SKA1 SDP Integration Prototype (SIP) report
SKA1 SDP Vertical Prototyping and Compute Efficiency
Report

●
●

Other

●

SKA1 SDP Glossary

Table 1: Documents, by category, which have been submitted for the Critical Design Review of the SDP
Consortium
SDP core prototyping activities

SKAO eNewsletter December 2018
www.skatelescope.org

37

The SDP architecture has been guided by a lot of prototyping work, and the underlying activities written up into a
series of “prototyping reports” with further results and conclusions given in SDP memos. To provide more context
and allow the SKAO review panel members to directly learn about and talk through aspects of the code and
results, a handful of staff from SKAO visited Cambridge on 22nd and 23rd November for a series of informal
presentations and code walkthroughs with the developers (see Figure 1).

Figure 1: Participants of the SDP Informal Demo Days held at The University of Cambridge on 22nd and
23rd November 2018
The main areas included for demonstration and discussion were:
● The Architectural Context of the SDP prototyping work;
● Execution frameworks (ICAL in DASK, MPI and StarPU and SageCal in DALiuGE);
● Vertical prototyping and algorithm efficiency considerations;
● The Algorithm Reference Library (used to provide a reference for functions);
● The Performance Platform Prototype (P3) and
● The System Integration Prototype.
The mapping of the work shown against the SDP architecture can be seen in Figure 2 for services and Figure 3
for processing layers.
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Figure 2: A slide from the context discussions showing aspects of the SDP architecture prototyped with
“service prototypes”.
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Figure 3: A slide from the context discussions showing aspects of the SDP architecture prototyped for
the “processing layers”.
The two days involved useful clarifications on what has been achieved thus far and discussions about how the
work might best be taken forward in bridging activities (see next section). Figure 4 shows a screenshot taken
from the overview of functionality enabled in the Integration Prototype for the SDP Master Device.
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Figure 4: A snapshot from the System Integration Prototype work showing working interactions of the
SDP Master Device.
SDP ongoing activities
For a year and a half now SDP work has been undertaken in a series of roughly 8 week work sprints. In early
November the Consortium management and task leads came together for several days of sprint planning (for
sprint 2018F which runs until mid-January) to think about key activities to take forward before the SDP
Consortium formally dissolves after CDR close-out in March 2019. Naturally CDR related activities topped the
tasking including:
-

Responding to review panel observations on the SDP documentation set;
Preparing for and participating in the SDP informal demonstrations meeting.

However there were some other clear objectives for this period including:
-

Putting forward a system-level software architecture team to work in the current SAFe structure;
Determining the requirements for and building a data island scale demonstration with a proper data
model (ideally for CDR);
Pushing forward the DASK/ARL execution framework work to further demonstrate scaling aspects;
Distill further work from the internal SDP confluence based wiki (to preserve it beyond the end of the
Consortium);
Refactor the SDP Integration Prototype code (to bring it closer in structure to the latest architecture view)
and further develop control components.

In 2019 there will be one or two additional sprints with focus on addressing issues raised during the CDR
process and closing out the SDP project (including reviewing and dealing with a large number of backlog work
items that have built up in the project JIRA tasking system).
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Beyond the SDP Consortium
The SDP Consortium was created to generate a design for the SKA Science Data Processor. With that design
now submitted and under review the focus is starting to shift. In particular there is additional clarification work to
be done before the SKA System CDR in 2019, and especially before construction starts. To define and allocate
this work a series of so called bridging tasks are being generated by the SKA organisation in conjunction with the
sub-element consortia. Once the SDP CDR is completed it is hoped that most of the SDP contributing institutes
and individuals will receive further funding to work under a new SKAO led work programme. For software areas
this includes building up a working approach for construction using the Scaled Agile Framework (SAFe). The
bridging activities may include looking at minimum viable products that can be built upon in construction and
further studies, ideally with industry engagement, to better understand aspects of the SDP (such as efficiency)
and of course refine the architecture. SDP related queries beyond March 2019 should be directed to the SKAO
in the first instance.
Report provided by the SDP consortium

Telescope Manager

As indicated in the last edition of the SKA eNews, following the Telescope Manager (TM) CDR closure by the
end of July 2018, the Bridging Phase for the TM was officially started from the start of August 2018. The TM
consortium ceased to exist post July 2018 and in the post-consortium era, the SKA Office needed the individual
countries and institutes commit for the Bridging Phase effort. Responding positively, India committed seven
FTEs for the bridging phase and continued contributing. This was important in order to preserve the skills and
competencies developed during the Design Phase.
The SKAO has adopted Scaled Agile Framework (SAFe) methodology during the Bridging Phase for its software
development activities and the team from India is working as one of the Agile Team. As part of the process, the
important System CDR related activities and risks coming out of TM CDR are managed and prioritised at the
SAFe Programme level by the Product Management Team (people from the SKAO) and then assigned to and
taken up by the Agile Teams in bi-weekly Sprints. By the end of November, the Indian Agile Team completed six
such Sprints.
The summary of the major work taken up by the Indian Agile Team in the last six Sprints since the TM CDR
closure, key events and accomplishments are as follows:
Development of TMC Prototype - Stage I:
We had been tasked to develop and demo Telescope Monitor and Control (TMC) evolutionary prototype at the
time of Programme Increment (PI) Planning meeting scheduled during the first week of December. The scope
and objective of the prototype is as follows
SKAO eNewsletter December 2018
www.skatelescope.org

42

●
●
●
●

Adoption of TMC Architecture/Design
Utilization of SKA LMC Base classes
Implementation of TM-Dish interface
Use of TANGO Platform tools - Elettra, LogViewer, Pogo and Jive

The team was able to develop the prototype in a short time and demoed during the PI Planning meeting and so
far the following functionality has been developed in the prototype
● Limited Monitoring and Control functionality with the hierarchy of nodes
● LMC simulator for Dish
● Command and response mechanism
● Group command execution
● Alarm detection and handling
● Logging
The prototype incorporates the following architectural aspects
● Model the Hierarchy of control nodes - Central node, Subarray node, Leaf node
● Interface between TMC and Element LMC
● Implementation of Alarm Handler using Elettra
● Use of base classes for development of control nodes and LMC simulators
The following diagram represents the architecture of the prototype

Development of SKA LMC Base Classes:
The development of the SKA LMC Base classes work, jointly taken up by the South African and Indian Team,
before TM CDR was halted ahead of the TM CDR Review meeting. The Indian Agile Team resumed the work as
part of the Bridging activity. Following has been the scope and objective of the activity
● Review and migration of base class repository to the SKA repository
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●
●

Setting up Docker, Ansible and Pytest environment
Development of SKALogger and SKAAlarmHandler base classes
○ SKALogger
■ Development of SKALogger class
■ Send logs to different targets: Element Logger, Central Logger and Syslog
■ Exploration of setting different logging levels for different targets
■ Set logs at different levels
■ Exploration of Python logging and Tango Logging services for possible merging
○ SKAAlarmHandler
■ Exploration of Elettra Alarm Handler
■ Analysis of SKAAlarmHandler requirements, mapping to Elettra features
■ Configuration of alarms / alarm rule management using Elettra and PANIC

TANGO HDB++ Archiver Testing:
The primary objective of this activity was to understand the scalability of TANGO Archiving Solution (HDB++
along with Cassandra). It is beneficial to understand the behavior of HDB++ archiver as various parameters
related to archival (number of monitoring points, data types of monitoring points, the frequency of archive event)
are modified. The following activities were undertaken
● Characterization of Tango Archiver instance (number of monitoring points and frequency of archiver
events it can handle efficiently)
● Stability Testing
● Burst Load Testing
● Determine horizontal scalability of HDB++ event archivers. i.e. scaling up by deploying multiple
instances of event archivers
● Scalability of Cassandra Database Cluster
SKA RTEs Visit to India:
Marco Bartolini, the Release Train Engineer (RTE), visited NCRA, India in the month of November for four days.
During his visit, he had extended discussions with the Indian Agile team on the way of working as part of the
SAFe and SKA platforms to be used for software development. He visited Indian industry partners (TCS and
PSL) and had useful discussions with them. The Indian industry partners made presentations highlighting their
capabilities in the areas of SAFe implementation and other areas of software development during construction.
He also visited GMRT Telescope on one of the days.
SAFe Workshop:
One of the Indian industry partners organised two-day SAFe workshop for the Indian Agile Team ahead of the
first PI Planning meeting. The aim of the workshop was to give an overview of the SAFe methodology and was
mainly focused on getting the team ready for the PI meeting. The mock PI planning session conducted by the
consultant found to be very useful.
Report provided by the TM consortium
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News From Precursor & Pathfinder Facilities
ASKAP Report
ASKAP science data processing
The SKA precursor telescopes are on the front line of big data astrophysics. With multiple beams, baselines and
frequency channels, ASKAP is already generating visibility data of order 100 TB per night and we must now
demonstrate that this torrent of raw data can be converted into high-quality images in a reasonable timeframe.
ASKAP’s Science Data Processing team has developed a suite of software tools designed to work efficiently on the
parallel architectures found in modern supercomputers, but until now we have only been able to test this software
on simulated data sets.
With the commissioning of ASKAP’s latest 28-antenna sub-array, we now have access to real data approaching the
size and complexity of the full-scale telescope. In order to prepare for the first round of ASKAP survey
observations, the SDP team are taking on a number of “data challenges”, designed to gain experience with realworld visibilities and guide the optimisation of the software. The first of these challenges concluded two weeks ago.
As expected, we found that serial tasks associated with flagging and calibration were a major bottleneck. These
can be tackled in parallel by dividing the raw data into smaller slices in line with the required access patterns. We
also found that not all processing nodes should be treated equally – in order to make large images, we will need to
allocate more memory to specific tasks responsible for gathering information from the rest of the workers.
Experience gained during these data challenges will be incorporated into the tender process for a new astronomy
supercomputer at the Pawsey centre, to be delivered in 2020.
Of course, creating images is only the first stage in the science data pipeline – there are also many lessons to learn
in adapting existing astronomy work-flows to cope with extremely large image file sizes. ASKAP and its fellow
precursors will provide valuable experience for future SKA regional centre developments.
ASKAP 28
Commissioning a telescope as complicated as ASKAP requires a great deal of flexibility. Although the list of
required tasks can be defined in advance, some activities will block all other work and there will always be
unforeseen challenges. In the case of ASKAP, we have been balancing the need to incorporate more antennas into
the array, with ongoing implementation of key control system features. Changing too many things at once makes it
difficult to track down problems, but doing everything one step at a time makes progress very slow.
Recently, we took a giant step forward with the integration of 28 out of 36 antennas into a functional array for the
first time. This occurred sooner than expected, while other aspects of the control system were being finalised in the
laboratory. Previously, the largest number of antennas integrated into the array at once was 16.
The first thing the team noticed was how much better our calibration and imaging software performed with the extra
sensitivity and UV coverage of the larger array. Preliminary images of a calibrator source show a dynamic range of
830:000 to 1, which is extremely encouraging and suggests that ASKAP will be capable of making very high quality
images over its wide field of view.
We have been observing several science fields with the expanded array over the last few months and hope to have
more images to share in the next update! Until you can catch all the ASKAP commissioning news here on the
Australia Telescope National Facility website, where Dr Aidan Hotan posts a monthly ASKAP Commissioning
Update.
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ASKAP single-beam 14.5h observation, 28 antennas, 288-MHz bandwidth, centred on 888 MHz, 19 x 14
arcsec resolution. The central source (B1934-638) peaks at 14.1 Jy and the image noise is 17 uJy/beam.
This gives a dynamic range of approximately 830,000:1. (Observed 9 August 2018, imaged 15 August 2018).
Image: Emil Lenc (CSIRO)
New magnetic field map demonstrates one of ASKAP’s major science goals
Magnetic fields are thought to play a key role in many astrophysical processes and can be found in different objects
with an astonishing range of strength. Powerful magnetic fields govern the jets of emission that give pulsars their
lighthouse-like beams, but weak magnetic fields in the ionised interstellar medium may also influence star formation
and gas dynamics on very large scales.
Measuring the strength and direction of magnetic fields is an observational challenge that a wide-field telescope
like ASKAP is well suited for. One of ASKAP’s 8 survey science projects, POSSUM, aims to use Faraday rotation
of background radio sources to probe foreground magnetic field structures, creating magnetic maps of
unprecedented resolution.
POSSUM researchers have used early science observations and a preliminary calibration technique to create the
most detailed image of the magnetic field structure in one of the giant radio lobes of the galaxy Centaurus A. This
image has been published in Galaxies. The complicated structures that can be seen will require years of additional
research to understand. With the help of new calibration methods and additional antennas, we will soon have even
more detailed magnetic maps from the full ASKAP telescope.
A paper https://www.mdpi.com/2075-4434/6/4/127
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ASKAP 913-MHz hue–intensity map of the southern lobe of Cen A. The hue channel represents Faraday
depth (a measure of the amount of magnetised plasma along a sight-line); intensity is the magnitude of the
polarisation vector; white contours are Stokes I (total flux density) levels. From Anderson et al. (2018, in
prep.) Image Craig Anderson (CSIRO)
More on ASKAP Science Papers
ASKAP survey science teams are producing an ever-growing list of science papers, with several recently attracting
some serious attention in the Australian and international media.
The dispersion-brightness relation for fast radio bursts from a wide-field survey, describing the first 20 fast radio
bursts (FRBs) detected by ASKAP, was published in Nature on 10 October, 2018. This result has bought together
researchers from several institutions, with Dr Ryan Shannon, Swinburne University and the OzGrav Centre of
Excellence, Dr Jean-Pierre Macquart, Curtin University node of ICRAR, and CSIRO’s Dr Keith Bannister, leading
the team.
The team reports that none of the ASKAP 20 FRBs repeated during follow-up observations and the sample
includes both the nearest and the most energetic bursts detected so far. The survey demonstrates a relationship
between burst dispersion and brightness and that the high-fluence bursts are the nearby analogues of the more
distant events found in higher-sensitivity, narrower-field surveys.
A partner media release about the paper was distributed by ICRAR, Swinburne/OzGrav and CSIRO. The story
generated 639 articles in 56 countries, reaching millions of readers worldwide. This was coupled with extensive
social media reach.
Another collaborative ASKAP campaign, with CSIRO, the Australian National University (ANU) and Nature
Astronomy, included the publication of Dr Naomi McClure-Griffiths’ paper, Cold gas outflows from the Small
Magellanic Cloud traced with ASKAP, in the November issue of Nature Astronomy, with ASKAP featured on the
front cover. Naomi’s work on the SMC with ASKAP, attracted attention prior to this, with the release in November
2017 of the most detailed image of the SMC, using just 16 of ASKAP’s 36 antennas.
You can find a list of publications about ASKAP or reporting results from ASKAP observations here.
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For real-time alerts about ASKAP publications and news, follow us on Twitter @CSIRO_ATNF

Cover image of November issue of Nature Astronomy
ASKAP Community Workshop
CSIRO hosted an ASKAP Community Workshop on Wednesday Oct 24 and Thursday Oct 25, 2018, to review
progress through the Early Science program and to facilitate planning of ASKAP Pilot Surveys in 2019. The
workshop included updates from CSIRO staff on the technical issues of relevance for planning Pilot Surveys, and
updates from each of the Survey Science Teams (SSTs).
A detailed draft proposal on the Pilot Survey Plan (led by Dr Aidan Hotan, ASKAP Project Scientist) was circulated
before the meeting and laid the foundation for much of the discussion. Each SST presented a concept for their pilot
survey and these will be taken forward through the ASKAP Commissioning and Early Science Group and Early
Science Forum.
A primary concern of SSTs is the capability of the Galaxy computer at the Pawsey Supercomputing Centre, which
is currently being pushed to its limits. A key part of the proposed Pilot Survey Plan is that ATNF take control of the
pipeline imaging processing and manage the limited Galaxy resources more efficiently. Galaxy will be replaced in
2020 but until that time, we must make the best use of available resources.
Another matter raised at the workshop was the idea of “observatory-managed” projects, including a possible
shallow all-sky survey and a possible collaboration with MeerKAT on a common reference field (dubbed “ground
truth” by Jim Condon). The discussion here was less conclusive but working groups have been identified to
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examine the specific proposals. Dr Fernando Camilo, Project Scientist at the South African Radio Astronomy
Observatory (SARAO), attended the meeting and offered many useful insights from a MeerKAT perspective.
We had about 50 participants and it was a constructive and positive event.

Dr Fernando Camilo presenting an update on MeerKAT to ASKAP Community at CSIRO in Sydney,
Australia
Report provided by Annabelle Young, CSIRO

MWA Report
MWA Phase II Upgrade
Over the last two years, thousands of new antennas have been added to the Murchison Widefield Array (MWA)
in an upgrade known as Phase II. This gave the array the flexibility to choose between different modes,
‘compact’ or ‘extended’, based on which sets of antennas are used to observe with. In August, the MWA
concluded its first observing campaigns in the ‘extended’ configuration. With baseline distances up to 6km, the
telescope’s sensitivity in this mode improved by a factor of 10 (compared to Phase I).
The motivation and science details of the upgrade are described in The Phase II Murchison Widefield Array:
Design Overview by Wayth et al, 2018. The antennas in the compact configuration enhance the surface
brightness sensitivity of the MWA and will improve the ability of the MWA to estimate the slope of the Epoch of
Reionisation power spectrum by a factor of ~3.5. The long baseline tiles improve the array u,v coverage, giving
an order of magnitude improvement in the noise floor of MWA continuum images, resulting in more resolved
images such as the one shown below.
(fornax-a.png)
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Figure 1: 185 MHz images of Fornax-A taken with the Phase I (left) and Phase II (right) MWA. (2018, Wayth et
al.)
With this upgrade, the MWA will be able to improve detections of missing supernova remnants, push detection of
diffuse emission (halos and relics) in galaxy clusters back to a redshift of 1 (Phase 1 was limited to objects with z
< 0.45), explore the lifecycles of active galactic nuclei (AGN) in more detail, particularly via the detection of socalled ‘dead’ or ‘restarted’ radio galaxies, and potentially detect the diffuse radio emission of the cosmic web.
On the technical side, improving the resolution and sensitivity of the instrument requires improvements to the
MWA processing pipelines. This is to incorporate direction dependant effects, build better foreground and
ionospheric models (which are useful as science products in their own right) and develop scalable processing
regimes. All of these things will also be of direct relevance to SKA_Low.
Furthermore, there is on-going work to i) design a new correlator capable of ingesting all 256 tiles, ii) improve the
current receiver systems, iii) build better monitoring and control software, and iv) further refine the operation of
the MWA archive and data storage & retrieval platform as part of the Australian All-Sky Virtual Observatory
(ASVO). Undertaking this work is of direct relevance to the SKA, and the MWA provides a prototyping platform
for much of the SKA pre-construction work, as well as a training-ground for developing relevant skills to design,
construct and exploit SKA_Low.
The last quarter included the first telescope reconfiguration between functioning states (extended to compact),
and the array downtime during the commissioning period allowed for upgrades to the telescope back-end, such
and the monitor and control system. The contractor-led maintenance program played a pivotal role in ensuring
high levels of telescope availability and performance throughout the observing semester.
Off-site work has continued with the development of new software and hardware for Phase III of the telescope,
with test observations using the new correlator identifying individual pulsar pulses. Substantive progress has also
been made with the new receiver candidate, which is now undergoing field-tests and final firmware revisions.
Additionally, new industry collaborations have been forged to locally manufacture hardware and CAD drawings,
and online visibility and access to the MWA has been significantly improved with the development of a new
website, wiki, and collaboration membership system.
MWA Node of the All-Sky Virtual Observatory
Over the last year we have developed the MWA node of the All-Sky Virtual Observatory (ASVO), an Australian
project to provide data portals for significant Australian telescopes. The MWA node allows the MWA
Collaboration and others to access 28 Petabytes of stored MWA data. Since its inception in November 2017, the
MWA ASVO pilot has served 639 TB of data and completed over 27,000 jobs.
The pilot has been highly successful and will soon be adopted as the official MWA data retrieval method,
replacing previous internal processes. At present the service only provides raw, uncalibrated visibilities; future
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development of the MWA ASVO includes the possibility to serve calibrated visibilities as well as potentially an
imaging pipeline.
MWA at the MRO Open Day
The MWA team was present on site at the recent Murchison Radio-astronomy Observatory (MRO) Open Days,
the first public showing of the Australian SKA precursor telescopes. Director Melanie Johnston-Hollitt, Project
Officer Mia Walker and Data Manager Greg Sleap gave tours of the MWA array core, correlator room, and
additional SKA frontrunner projects AAVS and EDA.
(mro-open-day.png)

Figure 2: MWA and CSIRO personnel at the MRO Open Day, October 2018. Image credit: CSIRO
MWA Science
The Phase I MWA produced over 110 refereed publications in its 5 years of operations (2012 – 2017), with a
further 50 papers published since Phase II commenced in late 2017, taking the total number of MWA
publications to over 160. To date these publications have accrued nearly 5000 citations (Figure 3), at a growing
rate of citations per year with ~1300 citations being generated in the first 10 months of 2018.
(mwa-publications.png)

Figure 3: MWA Publications
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Recent highlights include:
• Lenc et al. (2018) “An all-sky survey of circular polarization at 200 MHz” which presents the first circular
polarisation sky survey at 200 MHz;
• Sokolowski et al. (2018) “No Low-frequency Emission from Extremely Bright Fast Radio Bursts” which
presents coordinated MWA observations of ASKAP-detected Fast Radio Bursts (FRBs), showing that
while emission is detected at GHz frequencies there is no low-frequency emission, which strongly
constrains at the emission mechanisms at work in FRBs;
• Zhang et al. (2018) “Limits on Radio Emission from Meteors using the MWA” which places the
constraints on low-frequency emission produced during the passage of meteors through the atmosphere,
and:
• Rioja, Dodson & Franzen (2018) “LEAP: an innovative direction-dependent ionospheric calibration
scheme for low-frequency arrays” which is discussed below in more detail.
LEAP: An innovative direction-dependent ionosphere calibration method for low frequency arrays
The ambitious scientific goals of the SKA require a matching capability for calibration of the systematic errors
that contaminate the observed signals. M. Rioja and R. Dodson recently visited the SKA H/Q and presented a
scheme, LEAP, for addressing the direction-dependent (DD) ionospheric and instrumental phase effects at the
low frequencies and with fields of view planned for SKA-Low (Rioja et al. 2018, MNRAS, 478, 2337).
LEAP is a perfectly parallel process; that is, multiple directions can be processed independently and
simultaneously, as it does not depend on a complete sky model. Using MWA Phase I observations at 88 and
154 MHz under various weather conditions, LEAP has been shown to be able to measure and correct for
temporal and direction-dependent spatial distortions on a wide range of scales, including those comparable to or
less than the array size.
Initial analysis of MWA Phase II observations, with baselines up to 6 km, shows that the incidence of higher
order spatial ionospheric distortions become even more significant on short timescales or on scales comparable
to or smaller than the array size. Such ionospheric distortions can only be corrected for in the visibility domain,
so a DD-correction scheme such as LEAP is imperative for MWA Phase II. Furthermore, LEAP it is expected to
scale well (being perfectly parallel) to the requirements of SKA-Low.
(Cat9_surf_var-0-3.png)

Shown are the LEAP ionospheric phase surfaces from severely ionospherically-contaminated 2-minute
snapshot data from the extended array, in June 2018 at 150 MHz. The solution interval is 30s and show the
scale of variations and their rapid evolution.
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Figure 4. Comparison of the image quality: The distortions were sufficient to introduce PSF residuals from
strong sources across the whole field of view. Shown are two images, both scaled from -0.1 to 1 Jy, around
the ca. 40 Jy source 3C444. A single contour level at 0.1 Jy is overlaid. On the left is the output of GLEAM-X
standard analysis, which was rated as unusable; inset is a close-up around 3C444, showing more detail of
the residuals. On the right, after applying the LEAP corrections, the image quality is sufficiently recovered
to be useable. Also, the LEAP calibration results in a 28% peak flux increase in the image.

FIGURE 5, A-D: SEQUENCE OF FOUR CONSECUTIVE, 30-SECOND LONG, DIRECTION DEPENDENT (DD) IONOSPHERIC
SCREENS, MEASURED WITH LEAP ABOVE THE MWA-PHASE 2 ARRAY, FOR A GIVEN DIRECTION WITHIN THE FOV AT 150
MHZ. THE Z-AXIS REPRESENTS THE DD IONOSPHERIC PHASE ERRORS (IN DEGREES) AND THE X,Y-AXIS ARE THE
ANTENNA COORDINATES IN METRES. THEY SUGGEST A CHANGE IN CHARACTER COMPARED TO THOSE FROM MWA
PHASE 1 OBSERVATIONS WITH SHORTER BASELINES: SIGNIFICANT HIGHER ORDER IONOSPHERIC PHASE STRUCTURE IS
SEEN OVER THE ARRAY, ON A FINER SCALE THAN THE SIZE OF THE ARRAY, ALONG WITH SIGNIFICANT TEMPORAL
FLUCTUATIONS. IN THESE CASES THE DOMINANT IMAGE ARTEFACT IS DEFOCUSING, IN ADDITION TO THE WELL-KNOWN
POSITION SHIFTS, AND CALIBRATION IN THE VISIBILITY DOMAIN IS REQUIRED.
(cat9_cal.3-0,2.png)
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FIGURE 6, E-F: IMAGES OF THE SAME SOURCE BEFORE (LEFT) AND AFTER (RIGHT) DD LEAP CALIBRATION USING THE
IONOSPHERIC SCREENS SHOWN TO CORRECT FOR THE DD DISTORTIONS. THE LEAP CALIBRATION RESULTS IN A 25%
PEAK FLUX INCREASE IN THE IMAGE.
The Murchison Widefield Array (MWA) is a low-frequency radio telescope in Western Australia, and a precursor
instrument to the Square Kilometer Array (SKA). It consists of thousands of spider-like antennas arranged in
regular grids called ‘tiles’, spread over several kilometers within the Murchison radio-astronomy observatory. The
MWA is renowned for its wide field of view and nanosecond time resolution, making it invaluable for quickly
mapping the sky and studying rare and faint events as they happen. The MWA is run by a consortium of 21
institutions from Australia, New Zealand, China, Japan, Canada and the USA, led by Curtin University. Funding
is provided by partner institutions and the Australian Government under the National Collaborative Research
Infrastructure Strategy (NCRIS), Education Investment Fund, and other research infrastructure programs.
The Aperture Array Verification System (AAVS) is the SKA consortium’s testbed for SKA-LOW hardware. Suited
close to the MWA core, AAVS is a single field-node of 256 SKALA-2 log-periodic antennas connected to a
central power interface unit. It is operated by the LFAA Consortium under an MWA external instruments MoU.
The Engineering Development Array (EDA) is the MWA equivalent of a SKA-LOW field node, with 256 MWA
dipole antennas arranged in the same pseudo-random pattern as AAVS. Signal conversion to fibre happens after
the receiver (not in the antenna hub, as in the case of AAVS). The EDA is operated by Curtin University under an
MWA external instrument MoU.

Report provided by Mia Walker
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HERA Report
The HERA project was recently awarded another round of US National Science Foundation (NSF) funding to
observe with the fully built HERA-350 array. The five year US$7.2M award extends from 1 October 2018 - 30
September 2023, and funds observations and analysis for detecting and characterizing the Epoch of Reionization.
This funding allows full use of the telescope during the final construction period (completed by 2020, funded by
the NSF, Gordon and Betty Moore Foundation and HERA partners) and beyond. The new funding also supports
work packages examining imaging techniques and specifying the next generation experiment. At the end of this
latest round, it is expected that the HERA experiment will be winding down to begin a new phase of design and
analysis.
The project is currently commissioning the new system that has recently been installed on the first antennas. The
new system replaces every aspect except for the antennas themselves and allows performance from 50 - 237
MHz at higher spectral and time resolution. The new analog system has been designed by Cavendish, and team
members recently went down to install and test the units (see Figure 1). The amazing site team continues their
construction progress, with most of the base infrastructure in place, 175 elements completed (increasing daily!)
and more well along.
The growing HERA team held its annual meeting in October in Tempe, AZ USA (Figure 2). The meeting includes
“busy time” where actual work occurs as well as well as planning, presentations and socializing. It is a great
opportunity for team interaction outside of Zoom, Slack and e-mail.
HERA is a partnership to conduct an experiment to detect and characterize the Epoch of Reionization. Partner
institutions in the collaboration are Arizona State University, Brown University, University of California Berkeley,
University of California Los Angeles, University of Cambridge, Massachusetts Institute of Technology, McGill
University, National Radio Astronomy Observatory, University of Pennsylvania, Queen Mary University of London,
Scuola Normale Superiore de Pisa, SKA-South Africa and the University of Washington. Additional collaborators
are Cal Poly Pomona, Imperial College, Harvard-Smithsonian Center for Astrophysics, University of KwaZulu
Natal, Rhodes University and University of Western Cape. HERA is an SKA precursor instrument. HERA is funded
by the US National Science Foundation, the Gordon and Betty Moore Foundation with additional support from the
partner institutions.
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Figure 1: The Cambridge and site team installing and testing the full 50-237 MHz system in October in the
Karoo.

Figure 2: HERA team at the 2018 HERA annual meeting in Tempe, AZ.

Report provided by David De Boer, University of Berkeley
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Parkes Observatory Report
The Ultra-wideband Low (UWL) receiver (700MHz to 4GHz) was re-installed at Parkes on 2018 October 22.
Commissioning observations were carried out from 27 October to 4 November, to characterise the performance
of the system and to test various observing modes. For the current semester (2018OCT), the UWL is offered as
a shared risk national facility and has already been used for the pulsar and spectral lines projects. For the next
semester (2019APR), the UWL will be officially offered as a national facility, although some modes of operation
remain shared risk.

Report provided by Annabelle Young, CSIRO

Updates from the Science Working Groups
Epoch of Reionization
The Cosmic Dawn/Epoch of Reionization Science Working Group organised a meeting which took place at the
building of the Royal Astronomical Society in London, 24 - 25 September 2018. There were around 35
participants and most SKA countries were represented. During the meeting we received updates from the MWA,
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LOFAR and HERA EoR projects as well as from the SKA. We further had a series of shorter presentations
mostly by younger scientists.

A large fraction of the meeting was dedicated to defining two "challenges", the Data Challenge and the Theory
Challenge. The Data Challenge will develop over time and will allow different teams to compare their
performance on extracting the CD/EoR signal from simulated SKA data. The intention is to make the simulated
SKA data more and more realistic over time, for example by including calibration errors and ionospheric effects.
At the meeting the first Data Challenge was defined which consists of three data sets: 1) EoR signal with noise,
2) EoR signal with diffuse galactic foregrounds, 3) EoR signal with noise and diffuse galactic foregrounds.
The data is provided both as uv data and as image cubes. The task is to extract the power spectra of the
different signals (EoR, noise, foregrounds) from these datasets. Ten different groups have indicated that they will
participate in this first Data Challenge.
Modellers discussed the design of a Theory Challenge. The goal here is to ultimately produce reliable
astrophysical parameter estimates from a simulated SKA 21-cm data set. However, before this can be achieved
the different models first need to agree on a common approach to defining the parameters. It was agreed that
this common approach would rely on different luminosity functions, e.g. the ionizing luminosity function, rather
than parameters which describe how much radiation an individual dark matter halo/galaxy produces.
The local organisers, Jonathan Pritchard, Emma Chapman and Catherine Watkinson did a great job and the
opportunity to see the building of the RAS, including a fragment of Newton's apple tree, was enjoyed by all.
Report provided by Eor SWG
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Cosmology
There are two significant pieces of news from the Cosmology SWG:
1. There was a meeting of the SWG at the University of Turin in September 2018 hosted by Stefano Camera.
Around 25 members of the group attended in person and another 15 electronically from various parts of
the world. We were lucky to have an invited talk given by Gianni Bernardi from the EoR SWG on possible
links with the cosmology SWG particularly on using SKA-LOW surveys for cosmology and also on intensity
mapping in general. There were also talks by a number of early career researchers on new work they had
being doing in the last year along with updates from the Focus Group chairs. As well interesting scientific
discussions we were treated to excellent hospitality by those in Turin.
2. The cosmology Red Book 2018 has been submitted to the arXiv - . This paper, which highlights the present
version of the cosmology science case with SKA1, has been a major project for the SWG over the last
couple of years. It will be updated on the timescale of every 2-3 years up to the operation of the SKA1. A
news item was issued by the SKA Organisation to promote the cosmology Red Book.
Report provided by Cosmology SWG

Magnetism
Activities in the last quarter
Sixth annual CHANG-ES collaboration meeting
30 July - 4 August 2018, Calgary, Canada
CHANG-ES is the Continuum HAlos in Nearby Galaxies - an Evla Survey. CHANG-ES is a survey of edge-on
spiral galaxies that reveals the interaction between the star forming disk and the extended halo. CHANG-ES
observed 35 edge-on galaxies in the local universe with the Jansky Very Large Array in L band (1-2 GHz) and in
C band (5-7 GHz). Follow-up observations at other wavelengths have been made or are in preparation. The 6th
annual CHANG-ES collaboration meeting was held in Calgary, from July 30 to August 4, 2018.
Link: https://phas.ucalgary.ca/galaxies/chang-es-2018
IAU General Assembly Focus Meeting 8: New Insights in Extragalactic Magnetic Fields
29-31 August 2018, Vienna, Austria
The coming years and decades will see a burst in our information and understanding of extragalactic magnetic
fields due to the next generation of radio astronomy facilities, especially the SKA and its precursors, as well as
major advances in MHD numerical simulations and algorithmic improvements to extract magnetism information
from the databases. This Focus Meeting discussed the challenges and opportunities for understanding the
magnetized Universe from scales of galaxies to the cosmic web, and connected information across the
spectrum. The meeting was concluded by an entertaining and engaging summary presentation. Science
highlights were submitted by meeting participants and fed into a summary contribution for the IAU proceedings,
which will be published soon and shared in the next eNews.
Link: https://iau2018fm8magnetism.wordpress.com/
LOFAR Magnetism Key Science Project annual meeting
10-14 September 2018, Kraków, Poland
The 2018 Annual Meeting of the LOFAR Magnetism Key Science Project took place in Kraków, Poland. The
meeting included two days of science presentations, and 3 Busy Days. The meeting was organised by the
SKAO eNewsletter December 2018
www.skatelescope.org

59

Astronomical Observatory of the Jagiellonian University, and was hosted in the main building of the Faculty of
Physics, Astronomy, and Applied Computer Science. The purpose of this meeting was to present recent science
results obtained with LOFAR including with the ongoing LoTSS survey, discuss future work of the MKSP within
the LOFAR project, as well as other related tasks.
Link: http://mksp2018.oa.uj.edu.pl/
Forthcoming events
POSSUM Busy Week
10-14 December 2018, Perth, Western Australia
The ASKAP POSSUM survey team (further information: http://askap.org/possum/Main/HomePage) is developing
the resources to produce science-quality polarization data from ASKAP early science observations performed as
the precursor telescope moves toward full survey science operations. The development activities for magnetism
research will be furthered during a busy week being organised in Perth during December 2018. We will focus on
advanced techniques for reliable polarization calibration using PAFs, accurate determination of polarized source
properties, and preparation for pilot survey activities with ASKAP during 2019.
Link: http://askap.org/possum/Meetings/BusyWeekIII
New Perspectives on Galactic Magnetism
10-14 June 2019, Newcastle, UK
Rapid improvements in the observing capabilities of radio telescopes and in the physical realism of numerical
simulations, as well as growing activities due to the Square Kilometre Array and its pathfinders all call for a timely
meeting on galactic magnetism. “New Perspectives on Galactic Magnetism” aims to provide a platform to
facilitate effective communication between observers, theorists and simulators to foster new collaborations and
advance our field in new directions. We plan to have critical reviews accessible to all participants and
presentations on new, ongoing studies in all aspects of galactic magnetism. We particularly welcome
contributions on new observational techniques; the connection with other components of the interstellar medium,
including cosmic rays; recent advances in numerical simulations; the use of numerical simulations to help
interpret observations; and revisiting and addressing common assumptions in the field. For more details of the
meeting, please visit the website (below) and send any inquiries to galacticmagnetism2019@gmail.com
Link: http://conferences.ncl.ac.uk/galacticmagnetism/
Recent publications
●

Akahori et al (2018) PASJ, in press
“Optimum Frequency of Faraday Tomography to Explore the Inter-Galactic Magnetic Field in Filaments
of Galaxies”
http://adsabs.harvard.edu/abs/2018arXiv180810546A

●

Banfield et al (2018) MNRAS in press
“Faraday rotation study of NGC 612 (PKS 0131-36): a hybrid radio source and its magnetised
circumgalactic environment”
http://adsabs.harvard.edu/doi/10.1093/mnras/sty3108

●

Brown et al (2018) MNRAS in press
“Classifying Complex Faraday Spectra with Convolutional Neural Networks”
http://adsabs.harvard.edu/doi/10.1093/mnras/sty2908
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●

Knuettel et al (2018) MNRAS in press
“The magnetic field strength of the Faraday screen surrounding the radio galaxy Coma A”
http://adsabs.harvard.edu/doi/10.1093/mnras/sty3018

●

Krachmalnicoff et al (2018) A&A 618, 166
“S-PASS view of polarized Galactic synchrotron at 2.3 GHz as a contaminant to CMB observations”
http://adsabs.harvard.edu/abs/2018A%26A...618A.166K

●

Machida et al (2018) MNRAS 480, 17
“Radio broad-band visualization of global three-dimensional magnetohydrodynamical simulations of
spiral galaxies - I. Faraday rotation at 8 GHz”
http://adsabs.harvard.edu/abs/2018MNRAS.480...17M

●

Machida et al (2019) MNRAS 482, 3394
“Radio broad-band visualization of global three-dimensional magnetohydrodynamical simulations of
spiral galaxies - II. Faraday depolarization from 100 MHz to 10 GHz”
http://adsabs.harvard.edu/abs/2019MNRAS.482.3394M

●

Miskolczi et al (2019) A&A in press
“CHANG-ES XII: A LOFAR and VLA view of the edge-on star-forming galaxy NGC 3556”
http://adsabs.harvard.edu/abs/2018arXiv181104015M

●

Nikiel-Wroczyński et al (2019) A&A in press
“Exploring the properties of low-frequency radio emission and magnetic fields in a sample of compact
galaxy groups using the LOFAR Two-Metre Sky Survey (LoTSS)”
http://adsabs.harvard.edu/abs/2018arXiv181008708N

●

O’Sullivan et al (2019) A&A in press
“The intergalactic magnetic field probed by a giant radio galaxy”
http://adsabs.harvard.edu/abs/2018arXiv181107934O

●

Riseley et al (2018) PASA in press
“The POlarised GLEAM Survey (POGS) I: First Results from a Low-Frequency Radio Linear Polarisation
Survey of the Southern Sky”
http://adsabs.harvard.edu/abs/2018arXiv180909327R

●

Robishaw & Heiles (2019) Chapter to appear in The WSPC Handbook of Astronomical Instrumentation,
Volume 1, Radio Astronomical Instrumentation: Radio Telescopes
“The Measurement of Polarization in Radio Astronomy”
http://adsabs.harvard.edu/abs/2018arXiv180607391R

●

Sridhar, Heald, & van der Hulst (2018) Astronomy & Computing 25, 205
“cuFFS: A GPU-accelerated code for Fast Faraday rotation measure Synthesis”
http://adsabs.harvard.edu/abs/2018A%26C....25..205S
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●

Thomson et al (2018) MNRAS 479, 5620
“Ghost of a shell: magnetic fields of Galactic supershell GSH 006-15+7”
http://adsabs.harvard.edu/abs/2018MNRAS.479.5620T

●

Vacca et al (2018) MNRAS 479, 776
“Observations of a nearby filament of galaxy clusters with the Sardinia Radio Telescope”
http://adsabs.harvard.edu/abs/2018MNRAS.479..776V

Report provided by Magnetism SWG

Pulsars
Main meetings/events from Aug. 2018 to Nov. 2018
Members of the SKA Pulsar Science Working Group (SKA-PSWG) and the various Pulsar Timing Array (PTA)
consortia have attended the following meetings during this time period:
1. IAU GA, Vienna: the Division D meeting discussed some of the SKA Key Science. PSWG members also
attended the meeting on “Extragalactic Magnetic Fields.”
2. LOFAR data school, Sept. 17-21, ASTRON. 50 participants from around the world were introduced to
the data analysis for interferometric and beamformed data from LOFAR, which is one of the SKA
pathfinders.
3. NANOGrav Collaboration Meeting, Oct. 15-17, 2018, Green Bank Observatory. This is the semi-annual
collaboration meeting for this PTA collaboration.
4. “Astronomy Northwest by Southwest 2018”, Nov. 3-4, University of British Columbia. This was a
gathering of astronomers from BC and the Northwestern US states.
5. EPTA collaboration meeting, Nov. 12-14, Bielefeld, Germany.
Milestone related to pulsar and transient work: the Canadian Hydrogen Intensity Mapping Experiment
(CHIME) was granted SKA pathfinder status.
Publications related to the PSWG from Aug. 2018 to Nov. 2018
During these months, the members of the PSWG and their collaborators have published and/or submitted to
international refereed journals many papers dealing with research of interest for the SKA-PSWG. A selected
listing of papers is below, with some additional entries from July that were not included in the previous e-News.
In addition, the proceedings volume from IAUS 337, “Pulsar Astrophysics: the Next Fifty Years,” appeared during
this timeframe.
1. Lam et al., 2018, “A Second Chromatic Timing Event of Interstellar Origin toward PSR J1713+0747,” The
Astrophysical Journal, 861, 132.
2. Gentile et al., 2018, “The NANOGrav 11-yr Data Set: Arecibo Observatory Polarimetry and Pulse
Microcomponents,” The Astrophysical Journal, 862, 47.
3. Archibald et al., 2018, “Universality of free fall from the orbital motion of a pulsar in a stellar triple
system,” Nature, 559, 73.
4. Bhattacharyya et al., 2018, “A long-term study of three rotating radio transients,” Monthly Notices of the
Royal Astronomical Society, 477, 4090.
5. CHIME/FRB collaboration, 2018, “The CHIME Fast Radio Burst Project: System Overview,” The
Astrophysical Journal, 863, 48.
6. Bhat et al., “Observations of Low-frequency Radio Emission from Millisecond Pulsars and Multipath
Propagation in the Interstellar Medium,” The Astrophysical Journal Supplement Series, 238, 1.
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7. Patel et al., 2018, “PALFA Single-Pulse Pipeline: New Pulsars, Rotating Radio Transients and a
Candidate Fast Radio Burst,” The Astrophysical Journal, in press.
8. Liu, Bassa & Stappers, 2018, “High-precision pulsar timing and spin frequency second derivatives,”
9. Monthly Notices of the Royal Astronomical Society, 478, 2359.
10. Stovall et al., 2018, “PSR J2234+0611: A new laboratory for stellar evolution,” The Astrophysical Journal,
in press.
11. McKee et al., 2018, “Temporal variations in scattering and dispersion measure in the Crab Pulsar and
their effect on timing precision,” Monthly Notices of the Royal Astronomical Society, 479, 4216.
12. Moser & van Straten, 2018, “Dispatch approaches for scheduling radio telescope observations,”
Experimental Astronomy, in press.
13. Tan et al., 2018, “LOFAR Discovery of a 23.5 s Radio Pulsar,” The Astrophysical Journal, 866, 54.
14. Shannon et al., 2018, “The dispersion-brightness relation for fast radio bursts from a wide-field survey,”
Nature, 562, 386.
15. Michilli et al., 2018, “Single-pulse classifier for the LOFAR Tied-Array All-sky Survey,” Monthly Notices of
the Royal Astronomical Society, 480, 3457.
16. McKee et al., 2018, “A detailed study of giant pulses from PSR B1937+21 using the Large European
Array for Pulsars,” Monthly Notices of the Royal Astronomical Society, in press.
17. Caballero et al., 2018, “Studying the Solar system with the International Pulsar Timing Array,” Monthly
Notices of the Royal Astronomical Society, 481, 5501.
18. Zhu et al., 2019, “Tests of gravitational symmetries with pulsar binary J1713+0747,” Monthly Notices of
the Royal Astronomical Society, 482, 3249
19. Porayko et al., 2018, “Parkes Pulsar Timing Array constraints on ultralight scalar-field dark matter,”
Physical Review D, 98, 102002.
Report provided by Pulsar SWG

Solar, Heliospheric & Ionospheric Physics
As of October 12, a new paper was published in Advances in Space Research, which is looking at the SKA's
unique capabilites in terms of spatial, spectral and temporal resolution, as well as sensitivity to provide major
new insights in solar physics.
The lead authors of the paper are: Alexendar Ninods, Eduard Kontar and Divya Oberoi, and the pdf version of
their paper can be found here.
Below is a general synposis of the paper:
The sun is the star that we can study better because it is so close to us; it gives us insights on fundamental
physics questions but also allows us to understand stars in general, especially those of similar class to our sun
(class G). The sun is primarily composed by hydrogen and helium, but given the very high temperature, those
are disassociated into electrons and ions, which is called a plasma. The motion of this plasma generates a
magnetic field via a dynamo process.
The sun emits on a broad frequency ranges, including the radio band, which contains two important frequencies
to study the plasma and the magnetic field. The sun emission has a stable component but also several localised,
transient emission (bursts or flares), which can vary in intensity from weak to very strong. Observing them
requires an instrument with high spatial, spectral and time resolution, and high dynamic range, and the SKA will
be the first radio instrument combining together all those capabilities. Solar observations will be done with both
Mid and Low and using several observing modes, to observe the non-flaring solar atmosphere as well as capture
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all sorts of transient events, flares and shocks. All the observations combined together will give a comprehensive
view on solar physics.

Report provided by Solar, Helio & Iono SWG

High Energy Cosmic Particles
Radio-quiet cosmic ray detector deployed at the MRO
The field prototype of a particle-detector system for the SKA, described in the previous edition of this newsletter,
has been deployed at the Murchison Radio-astronomy Observatory, the planned site of SKA-LOW. The detector
module is sited between the Murchison Widefield Array (MWA) and the Aperture Array Verification System,
respectively a precursor and a prototype for SKA-LOW. An array of these detectors will
ultimately enable SKA-LOW to carry out precision studies of cosmic rays interacting in the atmosphere above the
telescope.
Both the detector module and support equipment (power supply and data acquisition units) passed extensive
testing for radio-frequency emissions by staff at ICRAR/Curtin University and CSIRO Astronomy & Space
Science. Minimal emissions were detected from the support equipment, which will go through further revisions,
with no detectable emission from the module itself.
While this single detector cannot be used to identify high-energy particle cascades, it routinely detects the
passage of individual energetic muons, which are primarily produced by low-energy cosmic ray interactions in
the atmosphere. The passage of these particles through the plastic scintillator block inside the detector
produces a burst of light which is detectable to all four silicon photomultipliers (SiPMs). Analogue delays are
used so that the four SiPM pulses appear as pulse trains.
Over the coming year, the system will be operated as an MWA External Instrument, and undergo various stability
and verification tests, using the muon signature as a calibrator source.
This deployment was carried out with major assistance from ICRAR/Curtin University and the Murchison
Widefield Array. Further preparatory work was carried out by staff at CSIRO Astronomy & Space Science.
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Internal systems of the particle detector, being prepared for deployment. The transparent panel scintillates when
hit by a high-energy particle, producing a pulse of light that is detected by the four photodetectors on circuit
boards along its edges. These then pass through the coiled, black delay lines before they are combined into a
single channel, exiting the detector along a fibre passing through the brass pipe on the far side. (Image credit:
Alex Williamson)
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The deployment team with the detector in the field. The pallets raise it to avoid the risk of flooding damage. Top
row: Don Hutton, Alexander Williamson, Oakley Criddle, Justin Bray. Bottom: David Emrich, Andrew McPhail
(Image credit: Nipanjana Patra)

A pulse train from all four silicon photomultipliers indicating the passage of a muon through the detector,
sampled at 1.024 GHz. The DAQ and readout is now fully integrated into the MRO control building and
accessible remotely via ssh. (Image credit: Alex Williamson).
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Figure 19: Non-cosmic ray event originating from above the array - presumably an airplane,
considering other spatio-temporally correlated events. Most detected events originating from
airplanes had a single component. The event is unlikely to be caused by reflections from
nearby RFI sources because the line-of-sight event would have been brighter and triggered the
ARENA 2018

system first. Full description as per Figure 15.
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The Owens Valley Long-Wavelength Array (OVRO-LWA) in California recently tested whether cosmic ray
detection without a particle detector array is feasible. In a dedicated campaign, Ryan Monroe developed a selftrigger algorithm that recorded a total of 473k impulsive events within 40 hours of observation. Profiting from
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Report provided by HECP SWG

1

There were essentially two problems faced by cosmic ray self-trigger appli-

2

cations in civilization. First, candidate impulsive events must be detected onSKAO eNewsletter December 2018
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JIVE/EVN and VLBI
Science frontiers for SKA-VLBI
The SKA Project continues assessing the different elements’ designs in the Critical Design Reviews. During this
period the Central Signal Processor, a very important element for the SKA-VLBI capability, was reviewed with very
good outcomes, as their flexible architecture provides many more VLBI beams than what is described in the SKA1
Baseline Design and commensality between the different observing modes can be fully achieved, with the caveat
of a bandwidth sacrifice for Band 5.
JUMPING JIVE project (“Joining up Users for Maximizing the Profile, the Innovation and Necessary Globalization
of JIVE”) is about to pass a very important milestone as the different work packages have provided the first
deliverable. In particular for work package 10 “VLBI with the SKA” the first deliverable provides a complete and
robust solution for the VLBI observing mode within the SKA Observatory, including interfaces with the different
SKA1 elements and a complete set of technical requirements. Next deliverable will be focused in the VLBI use
cases for both SKA1-MID and SKA1-LOW telescopes.
Since last reported a first step to integrate the phased-up SKA into the VLBI networks was achieved: VLBI fringes
have been already demonstrated with the SKA1-MID precursor MeerKAT as part of its commissioning activities.
Figure 1 shows the fringes between one MeerKAT antenna and the EVN stations Effelsberg in Germany and
Hartebeesthoek in South Africa during an EVN Network Monitoring Experiment performed in February 2018. A
considerable effort needs to be performed by JIVE staff to filter, resample and reformat the MeerKAT data into
VLBI Data Interchange Format (VDIF) standard, compatible with the EVN software correlator SFXC. Fringes have
been also demonstrated with the MeerKAT beamformed output and results are still being investigated, revealing
this method as a very powerful tool to verify and commission the beamforming capability.
Following there is an overview of the recent and future SKA-VLBI related workshops and symposia. Do not miss
the SKA-VLBI Key Science Projects and Operations Workshop in October 14-17, 2019.
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Figure 1. Fringes between MeerKAT (Me) single dish digitiser output from antenna m011v for N18L1 scan 11
(source J0530+1331) and the EVN stations Effelsberg (Ef) and Hartebeesthoek (Hh).
Recent and future meetings and workshops with relevance for the SKA-VLBI science
The 14th European VLBI Network Symposium and Users Meeting, Granada, October 8-11, 2018.
This year’s edition of the EVN Symposium was hosted by the Instituto de Astrofísica de Andalucía-CSIC in
Granada with more than 170 participants from 25 countries (Figure 2). A large variety of SKA-VLBI science was
highlighted in a number of contributions, e.g. high sensitivity monitoring of SNe ejecta, FRB and GW counterpart
precise localisation, pulsar driven astrophysics, gravitational lensing with access to the smaller scales, study of
high mass star forming regions with high sensitivity, very precise astrometry, etc. The SKA-VLBI capability was
presented by Cristina Garcia Miro (SKAO) and a discussion on the potential SKA Key Science Projects that will
benefit from the SKA-VLBI capability was presented by Zsolt Paragi (JIVE).
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Figure 2. 14th EVN Symposium & Users Meeting group picture.

Italy - South Africa Radio Astronomy Workshop “Enhancing the collaboration in radio astronomy
between Italy and South Africa”, Pretoria, October 24-25, 2018.
The workshop was hosted by the Italian Embassy in Pretoria and the South African Department of Science and
Technology. The aim of the workshop was to further strengthen and expand the existing successful radio
astronomy collaborations between Italy and South Africa. VLBI with MeerKAT and soon with the SKA were
amongst the main topics discussed in the workshop, with related presentations by Roger Deane (University of
Pretoria) and Cristina Garcia Miro (SKAO).
The 7th International VLBI Technology Workshop, Thailand, November 12-15, 2018.
The scope of the technology workshops aims to encompass all areas of hardware and software development
relevant to VLBI science. This edition hosted by NARIT, the National Astronomical Research Institute of Thailand,
has focused on traditional VLBI topics, such as receivers, backends, recording equipment, e-transport and
correlators.
NARIT is in the process of establishing the Thai Radio Astronomy Observatory (TNRO) in Chiang Mai, which will
host a new 40-m Radio Telescope and a 13.2-m VGOS station on the same site, expected to see first light in early
2020.
SKA General Science meeting and Key Science Workshop “New science enabled by new techniques in
the SKA era”, SKA Headquarters, Jodrell Bank, UK, April 8-12, 2019.
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VLBI is an observing mode of the SKA Observatory. An effort is being led from the SKA VLBI science working
group to have a strong presence in the SKA Science meeting and in the different SKA Key Science discussions.
Do not miss this opportunity to include your favorite VLBI science in the Key Science Projects!
SKA-VLBI Key Science Projects and Operations Workshop, SKA Headquarters, Jodrell Bank, UK, October
14-17, 2019.
A significant fraction of the observing time with the two phase-I SKA telescopes (SKA1-LOW and SKA1-MID) will
be spent on Key Science Projects (KSPs) led by member country scientists. The various SKA Science Working
Groups, including the VLBI Focus Group are in the process of defining KSPs that are aligned with the High Priority
Science Objectives of the SKA. This workshop will provide an adequate forum for the VLBI community to discuss
the possibilities to engage in the different SKA KSPs contributing with the extreme angular resolutions that SKAVLBI will provide. Please reserve these dates in your calendar for next year, registration for the workshop will be
opened soon.
Report provided by Jive/EVN and VLBI SWG

The SKA Outreach World
ICRAR Report
Perth Science Festival
This August saw ICRAR taking part once again in the Perth Science Festival. During National Science Week
astronomy was on display for the 8,000 attendees, as ICRAR researchers and students discussed their work and
answered astronomy questions from interested visitors.
The variety of activities at the stall attracted a very large crowd over the two days of the festival, where ICRAR
research and radio astronomy was the focal point.
Members of the public spoke with ICRAR researchers about the Square Kilometre Array and the Western
Australian pathfinder telescopes. Parents and children could design their own planet and have a hands-on
experience with ICRAR’s tiny radio telescope. They could also interact with Gleamoscope
(gleamoscope.icrar.org) and our infrared camera, learning how using different wavelengths of light can reveal
hidden aspects of the Universe. The ICRAR stall also hosted two scientists from NASA who held impromptu
talks about the future of space-flight.
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Mt Magnet AstroRocks Festival
Interacting with people in regional Western Australia, and bringing hands on experience and knowledge of
astronomy, is an important part of ICRAR’s outreach efforts.
One of the larger events we attend outside of Perth is the Mt Magnet AstroRocks festival in September. Every
year Mt Magnet, 600 km north of Perth, opens its doors for a weekend of Astronomy and Geology. ICRAR takes
a leading role in the astronomy side of the event, organising a forest of scopes and amateur astronomers for the
day, as well as researchers to give talks about up-to-date research and the SKA—the Australian site is only
250km from Mt Magnet!
More than 300 people attended the event, half of them from Mt Magnet or nearby towns, but the other half
coming from all over Western Australia, and as far as the east coast of Australia.
Those that attended the event were excited to see the dark skies only an outback town can give, marvelled at
the Scitech space dome (an inflatable planetarium) and also enjoyed the 2018 Astrofest Astrophotography
display, which showcases the best astrophotography talent Western Australia can provide.
The AstroRocks festival gives access to astronomy to people not able to get to Perth or other major centres and
helps inspire regional young people to pursue an interest in STEM.

SKAO eNewsletter December 2018
www.skatelescope.org

72

Pingelly Astrofest
Working in conjunction with The University of Western Australia Future Farms initiative, October saw ICRAR
take part in the second Pingelly Astrofest. This bi-yearly event allows the public to visit the UWA Future Farm,
just outside of Pingelly, and take part in a night of astronomy and science talks.
A number of amateur astronomers were available to show off their impressive scopes and experience for the
public to enjoy and the 2018 Astrofest astrophotography display was also installed in the nearby sheep-shearing
shed.
Patrons could enjoy the award winning Western Australian astrophotos while listening to the winner of the 2018
Young Tall Poppy Science Award, ICRAR’s Dr Luke Davies, discussing galactic evolution and dark matter. While
the adults could be entertained and enlightened by Dr Davies, the children could enjoy the Scitech Science
shows in the tractor shed and go inside Scitech’s amazing inflatable planetarium domes.
Though the weather during the day looked ominous, about 200 people bussed and drove to Pingelly for the
event. They were rewarded with skies that cleared as the night progressed, giving great views of Saturn and
Jupiter and other deep skies objects.
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The Duke of York visits ICRAR
In November, Prince Andrew visited ICRAR’s University of Western Australia’s node for a briefing on the SKA
project.
The Australian Federal Government has already invested more than $400 million in the project with a further
$293.7 million earmarked under the National Innovation and Science Agenda for the SKA.
After the briefing, the Duke spent time talking to staff and students from ICRAR.
“We cannot forget that it is engineers who make the difference between where we are today and where we can
be tomorrow,” HRH said.
“They are the actual builders, the problem solvers of what is to come. It’s only through investment in these sorts
of facilities that the next generation is going to be able to learn the sorts of skills they are going to need.”
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Report provided by ICRAR

UK Outreach Report
Daresbury Laboratory Family Access Day
Daresbury Laboratory in Warrington, part of the UK Science and Technology Facilities Council (STFC), held a
‘Supercomputing, Science and You’ Family Access Day on 24th October. More than 300 visitors were able to take
a look behind the scenes of this world-class facility and meet some of the resident scientists and engineers. Handson demos and workshops included engineering in Virtual Reality, coding a robot and seeing a 3-D printer in action.
To raise awareness of the SKA, we joined the activities with a stand where visitors had an opportunity to
programme educational Bee-Bot floor robots and take a tour of the SKA Universe whilst learning about the Big
Data challenges involved in the SKA project.
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(Daresbury Laboratory public access day. Credit: STFC)

(Daresbury Laboratory. Credit: STFC)
ROE Open Doors event
The Royal Observatory Edinburgh again welcomed visitors to the iconic site on 29th and 30th September as part
of the annual Edinburgh Doors Open event, organised by the Cockburn Association. More than 3,500 people
visited the event, taking part in tours of the laboratories, making comets and talking to the scientists and
engineers.
Staff working on the design of the SKA and who are based in the UK Astronomy Technology Centre at the ROE,
hosted a stand which featured the SKA. Visitors were able to get a look at the electronics that will form part of
the SKA Low Frequency Aperture Array (LFAA) antennas that will be located in Australia, while staff were on
hand to answer questions and explain how the SKA will further our understanding of the Universe.
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(Royal Observatory Edinburgh. Credit: STFC)
The Daresbury Laboratory is part of the Science and Technology Facilities Council (STFC) and is located in the
Sci-Tech Daresbury Science and Innovation Campus in Cheshire. It is also home to the Hartree Centre, which
contains some of the most technically advanced high-performance computing, data analytics and machine learning
technologies in the UK.
The UK Astronomy Technology Centre is also run by STFC and is a national centre of excellence for the
development of scientific instrumentation and facilities for ground- and space-based astronomy.
The Science and Technology Facilities Council is part of UK Research and Innovation (UKRI).

Report provided by Hilary Kay, UK SKA Outreach Officer

CNRS Outreach Report
SKA-France in the news
Following the announcement of CNRS joining the SKA Organisation on behalf
of Maison SKA France (MSF), Dr. Guy Perrin (Deputy Director, Head of
Astronomy & Astrophysics Division at CNRS/INSU; Chair of the Board of MSF)
has been interviewed about the SKA project by the science magazine
Futura Science.
The article, available on-line, offers a beautiful overview of the unique scientific
objectives of the project, its technological challenges, as well as its
development plan. G. Perrin stressed the interest towards the SKA not only of
the French astronomical community, but also of national private companies, in
particular in the very competitive fields of Big Data, high performance
computing, electronics, green energy production and storage.
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Two interviews of the SKA-France Director about the SKA project have been published in the SeptemberOctober 2018 issue of the French magazine “Ciel & espace”.
The first interview follows the announcement of CNRS joining the SKA Organisation on behalf of Maison SKA
France (MSF) and provides an overview of current activities of the French community in the design phase of the
SKA. C. Ferrari gives also some insights on the on-going process lead by the SKA Organisation towards the
creation of an Intergovernmental Organisation leading the future SKA Observatory.
In the second interview, the SKA computing and networking requirements are presented in a reportage about Big
Data prospects in future astronomical facilities.
Awards on SKA-related work
Virginie Ollier, PhD student working in the SATIE department of ENS Paris-Saclay
(France), is the contest winner of the 3MT EURASIP (3 Minute Thesis of the
European Association for Signal Processing) for her work «Advanced signal
processing techniques for calibration of the new generation of radio
interferometers», delivered during the 26th European Signal Processing conference
(EUSIPCO) in Rome, Italy September 3-7, 2018.
This important achievement follows the award she got for Master Internship,
delivered by Ecole Centrale de Marseille in 2015, and the STIC Doctoral School PhD
Student Award for the Best Scientific Contribution Award for the paper V. Ollier, M. N.
El Korso, R. Boyer, P. Larzabal and M. Pesavento, « Robust Calibration of Radio
Interferometers in Non-Gaussian Environment » (IEEE TSP, Vol. 65, Iss. 21, Nov.
2017, pp. 5649-5660).
Congratulations to Virginie! (image courtesy: Univ. Paris-Saclay)
Second SKA-France Day
The Second SKA France Day took place on November 23, 2018 in the Theatre of
the ENS Ulm, Paris. With more than 120 registrations, the meeting confirmed the
raising interest of the French community in the SKA project.
After the enthusiastic and enlightening opening words of E. Verges (Director of
“Service de la stratégie de la recherche et de l’innovation” at Ministry for Higher
Education, Research and Innovation), the recall of the interest in the SKA project for
INSU by N. Arnaud (Director of CNRS/INSU), as well as an overview of the SKA place
in the future of French astronomy by G. Perrin (Deputy director of CNRS/INSU, Head
of Astronomy & Astrophysics Division), representatives of Maison SKA-France
summarised the recent evolutions of SKA and of its preparation in France. An
alternation of talks by speakers of the academic and industry domains allowed to
show the variety of the technological and scientific applications envisaged by the
French community in the project.
Presentations are available at the SKA-France web-page.
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Report provided by Chiara Ferrari

IAA Outreach Report
Our main activities/news during this period have been the following:
Like last year, Lourdes Verdes-Montenegro presented the SKA project and the current status of the Spanish
participation at the European Researchers Night, which took place at the end of September and counted, in
Granada, with more than 10.000 attendees during the whole day of events.

From 3 to 5 October, a meeting about astronomical instrumentation in Spain took place at the Consejo Superior
de Investigaciones Científicas (CSIC) headquarters in Madrid. Called the RIA-SpaceTec meeting, aimed to offer
a discussion forum to the national astronomical community involved in the development of instrumentation. It
counted also with a talk about SKA, this time focusing on the technological part of the Spanish participation.
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Also in October, another member of Instituto de Astrofísica de Andalucía (IAA-CSIC), Susana Sánchez Expósito,
went to Lisbon to attend the 9th Iberian Grid Conference: IBERGRID 2018: Towards the European Open Science
Cloud – EOSC, where she gave a talk called “From AENEAS to the SKA Regional Centres. The Spanish
contribution”. She also attended the Digital Infrastructures 4 Research meeting where she presented a poster
about the “Best practices for achieving reproducible science with the SKA: the SKA-Link project”.
On 20th of November, the official press release about the ESCAPE project was published in all countries involved
in the project. ESCAPE (European Science Cluster of Astronomy & Particle physics ESFRI research
infrastructures) aims to address the Open Science challenges shared by ESFRI facilities (SKA, CTA, ELT, EST,
FAIR, HL-LHC, KM3NeT) as well as other pan-European research infrastructures (CERN, ESO, JIV-ERIC, EGOVirgo) in astronomy and particle physics research domains. IAA-CSIC participates in the ESFRI Science Analysis
Platform (ESAP) Working Package, due to its role in contributing to make possible that the SKA become a
reference in scientific methodology.
Last but not least, we have translated into Spanish the fact sheets released by the SKAO last September to have
them available for all the Spanish speaking community.

Report provided by Marina Fernández-Peña Mollá (IAA-CSIC)

News From Observer Member Countries
News From Japan
On the proposal for the NAOJ SKA Promotion Office
At the NAOJ Mizusawa Campus, the NAOJ executive meeting was
held on 11th September 2018. We explained how Japan
participates in the SKA project, and showed interest in proposing
the establishment of the SKA Promotion Office. We also explained
differences between the SKA and the ngVLA, especially regarding
the starting time of the operation, installed frequency bands, and
scientific targets. Since some additional questions were presented
by the executive, we are now preparing for the answers. On 15th
October 2018, we have officially proposed a project for the SKA
Promotion Office.
Master Plan 2020 of the Science Council of Japan
On the 13th September 2018, the Master Plan Symposium was held at the University of Tokyo Hongo Campus.
Naoshi Sugiyama, the representative of the SKA-Japan consortium (SKA-JP), and Hideyuki Kobayashi, the
section manager of Section of Future Project at Mizusawa VLBI observatory presented the outline of the SKA
project, and explained the expected contribution of SKA-JP to the SKA project.
Survey for Expression of Interest in the Participation in the SKA phase 1
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Section of Future Project at Mizusawa VLBI observatory surveyed expression of interest in the participation in the
SKA phase 1, during August-October 2018. This survey aimed to know how researchers in domestic institutes
hope to participate in the SKA project during the construction phase (2020-2027) and the initial scientific
operation phase (2025-2027). Reviewing the survey results, Section of Future Project at Mizusawa VLBI
observatory hereafter consider in detail how we establish collaborations between domestic researchers.
Discussion during the VERA Users Meeting
Annual VERA Users meeting was held at the NAOH Mitaka Campus, from 25th to 26th September 2018. The
meeting has a session for discussing synergies with the SKA. The participants also discussed the future
prospects of the VLBI at low frequencies.
Meeting with relevant persons in China and South Korea
On the 5th September 2018, Hideyuki Kobayashi and Takuya Akahori had a meeting with Chinese and Korean
researches relevant to the SKA project. They discussed the collaboration between East Asian countries, and
agreed to having the monthly regular teleconference. The first teleconference was held on 22nd October 2018,
and the second f2f meeting will take place during the Science At Low Frequencies V workshop that will be held at
Nagoya University during 4th-6th December 2018.
UHF Radio Wave Environment Investigation at the Mizusawa Campus
To explore the possibility of radio observations with UHF bands in the Mizusawa Campus, Takuya Akahori
(NAOJ) and Takahiro Aoki (Yamaguchi U.) investigated UHF radio wave environment. Consequently they found
some radio quiet bands, although there also be strong radio-frequency interference.
Towards the development of a Band 5c/B receiver
Section of Future Project at Mizusawa VLBI observatory and a radio astronomical group in Osaka Prefecture
University had a discussion about the development of a Band 5c/B receiver on 25th September 2018. They will
have regular meeting about the development of a Band 5c/B receiver.
Meeting with Fujitsu Laboratories
On 29th August 2018, NAOJ has a meeting with Fujitsu Laboratories. NAOJ expressed an expectation for the
silicon photonics developed in Fujitsu Laboratories. Fujitsu Laboratories also introduced a ultra-low-power optical
transceiver which would be a key device for the SKA2.
Visiting Australia
Takuya Akahori, a member of Section of Future Project at Mizusawa VLBI observatory stayed Australia during
1st-12th October 2018. He first visited Murchison Radioastronomy Observatory (MRO) and inspected the ASKAP
and MWA antennas. He also stayed Perth to gather the information of the MWA data archive system. He further
visited Australian Telescope National Facility at Sydney and had a meeting with
Adam McLeod who is the project manager of LOW-AIV. In Japan Yusuke Kono is now leading the investigation of
AIV-LOW and frequently hold a meeting on AIV-LOW.
Attending European VLBI Network Symposium
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Hideyuki Kobayashi attended the European VLBI Network Symposium held at Granada form 8th-11th October
2018. He discussed the requirements for VLBI system with the SKA and the development of a wide band receiver
“Brand”
MWA project meeting and Science At Low Frequencies V will be held at Nagoya University
We will hold the MWA project meeting (3rd and 7th December 2018), and Science At Low frequencies (SLAF) V
(4th-6th December 2018) at Nagoya University. In the MWA project meeting, there will be reports from the MWA
board and SWG chairs. SALF is one of the biggest workshop regarding radio astronomy in the world, and about
there will be about 100 participants. The representatives of ongoing radio telescope projects, such as SKA, MWA,
LOFAR, PAPER, HERA, uGMRT, CHIME, and EDGEDs will talk about the current status of these projects.

Report provided by Kenji Hasegawa

News From Portugal

The Development of PALOP Knowledge in Radio Astronomy (DOPPLER), a project to promote a sustainable
development agenda through human capacity development and scientific excellence, has kicked off with
Portuguese and Mozambican institutions identifying key strategic opportunities in order to improve quality of life
in Mozambique.
DOPPLER will contribute towards “brain gain” in Africa and in particular Mozambique by fostering staff mobility
and student training, including MSc training with Mozambican-Portuguese joint supervision, on areas of radio
astronomy, earth observations and big data. In particular, DOPPLER will provide industry specific training
leveraging the Portuguese SKA experiences towards high-tech projects. DOPPLER aims to improve quality of
life through scientific and technological demonstrations in schools, universities and industries.
DOPPLER is a project coordinated by the University of Aveiro and counts with the participation of the Institute of
Telecommunications, the Faculty of Sciences of the University of Porto, the University of Coimbra (Portugal),
Eduardo Mondlane University and the Non-Governmental Organisation Osuwela (Mozambique). DOPPLER is
funded by the Aga Khan Development Network and the Portuguese Science and Technology Foundation.
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A number of facilities including computing clusters and radio telescopes like the 9-m radio telescope in
Pampilhosa da Serra, Portugal will be used for advanced training. This radio telescope is in the process of being
repurposed and commissioned for training and educational programs in Portugal to complement the double radio
telescope interferometer in Mozambique to be installed in the near future.

About the Aga Khan Development Network:
The agencies of the Aga Khan Development Network are private, international, non-denominational development
organisations. They work to improve the welfare and prospects of people in the developing world, particularly in
Asia and Africa. Some programmes, such as specific research, education and cultural programmes, span both
the developed and developing worlds. While each agency pursues its own mandate, all of them work together
within the overarching framework of the Network so that their different pursuits interact and reinforce one
another.
About the Portuguese Science and Technology Foundation:
Fundação para a Ciência e a Tecnologia is the Portuguese public agency that supports science, technology and
innovation, in all scientific domains, under responsibility of the Ministry for Science, Technology and Higher
Education. Since October 2013, FCT administers the Portuguese NREN Fundação para a Computação
Científica Nacional (FCCN), [Foundation for National Scientific Computation].

Report provided by Domingos Barbosa
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