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Editorial from the Director-General
Dear Colleagues,
Welcome to the August edition of SKA eNews, a publication aimed
to informing the broad community and the public about progress
towards the construction of the SKA.
Since the previous edition, published in May, there has been so
much happening that it is hard to know where to start. Some of the
items I mention below are covered in more detail within eNews, or
can be found on our website.
It was a great pleasure to welcome both Spain and France to the
SKA Organisation. Spain joined in June and France in July of this
year. Scientists and engineers in both countries had been involved
in many aspects of the definition for and design of SKA for many
years and I was extremely pleased that after a long period of
discussions and negotiation, we were able to bring both in as
members of SKAO. I hope we can look forward to both countries
joining the SKA Observatory, the inter-governmental organisation,
once it is established in 2019.
On that front, it was very pleasing to see significant momentum injected when the Italian Ministry of Foreign
Affairs opened the text of the Convention and the key protocols for initialling by senior officials of member
countries. 7 member countries initialled the text (in order; IT, AU, ZA, SE, UK, CN and NL) which
acknowledges that it is complete and fixed and paves the way for a Ministerial signing ceremony later in the
year.
In another notable event, I and the Board were privileged to be invited to attend the inauguration of
MeerKAT by the Deputy President of South Africa, Mr David Mabuza, on July 13 th. The event took place at
the telescope in the Karoo. A particular highlight was the unveiling of a beautiful image of the Galactic
Centre made by the full 64-antenna MeerKAT at 1.4 GHz.
While at the site, the Board was also pleased to see construction underway on the SKA prototype dish on
the SKA site. This, the second prototype (the first being in China – see previous eNews), is funded by the
German Max-Planck Gesellschaft. A recent photo showing the pedestal and the dish structure on the
ground next to it is shown here.
The Board was able to participate since it held its 27th meeting just outside Cape Town on 11-12th July. The
outcomes of the Board meeting can be found on the SKA website. The next meeting of the Board is
scheduled for 12-13th November at the new SKA HQ at Jodrell Bank in the UK. The new building, a €20M
contribution to the SKA project by the UK, was completed in mid-July; it is now being furnished and the
IT/AV equipment procured and installed. Staff will begin to occupy the new building in October.
On the technical side, it is a pleasure to record that the Telescope Manager (TM) consortium passed its
Critical Design Review (CDR) with flying colours and the CDR certificate was awarded to Prof Yashwant
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Gupta of NCRA-TIFR, India, the consortium leader on 6th August. This is the first in a planned series of
CDRs, which are now well underway.
In early July the SKA’s Science and Engineering Advisory Committee, ably chaired by Prof Andrea Ferrara
of SNS Pisa, met in Pingtang County adjacent to the 500-m FAST telescope in south-west China. A
highlight of the meeting was a visit to FAST, which is now well advanced in its commissioning phase.
As I write, the International Astronomical Union (IAU), is holding its 30 th General Assembly in Vienna,
Austria. I attended the first week of the meeting giving two of the more than 30 SKA-related talks spread
through the 2-week meeting. The SKA Comms team were present with a booth, which won an award, the
Austrian Ecolabel, for contributing to a green conference.
I hope you enjoy reading SKA eNews.
Professor Philip Diamond, SKA Organisation Director-General.
30th August 2018
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Reports from the Consortia
Central Signal Processor

Who are we?
The “Central Signal Processor” (CSP) Consortium is comprised of 13 signatories from 8 countries with more
than 10 additional participating organisations. 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 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 March the CSP Team has completed the submission of all the primary
documents for the CSP CDR. This included a revision to the Level 2 requirements and the flowdown to Level
3 requirements. The overall CSP CAPEX and OPEX costing was revised as part of the submission. The
CSP CDR is scheduled for September 25-28 at SKAO Headquarters. Progress has also been made on the
external ICDs. The Local Monitoring and Control (LMC) Sub-element Team has completed the submission
of their CDR data package. The LMC CDR is scheduled for September 24th at SKAO Headquarters.
Key Sub-element Design Development
Local Monitoring and Control (LMC)
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The CSP Local Monitoring and Control (LMC) Sub-element is responsible for coordinating all the CSP
processing functions according to commands from the Telescope Manager (TM), reporting the overall CSP
status based on the reports from the processing sub-elements, and configuring and sequencing the subelements. This sub-element is being led by NRC with significant contribution from INAF and assistance from
NZA, MDA and NCRA. Significant progress has been achieved on the CDR Deliverables. The INAF team
finalised prototyping activities and submitted the prototype report. The Interface Control Documents for the
interface with TM and with other CSP sub-elements have been re-structured to comply with the SKA
TANGO API design patterns, updated to comply with the latest version of the CBF, PSS and PST designs
(as submitted for respective sub-element CDRs), and signed. The CSP LMC requirements have been
updated to comply with the CSP Requirement Specification Rev 6 and the corresponding verification
requirements have been generated. The design has been finalised and completed resulting in the Detailed
Design Document. All LMC CDR deliverables have been provided. The team will now respond to OARs
leading up to the CDR September 24.
LOW Correlator and Beamformer (Low.CBF)
The Low.CBF Sub-element Team is made up of members from AUT, ASTRON, and CSIRO. Since the last
newsletter in March the Low.CBF Team has been focused on addressing the OARs and comments from the
sub-element CDR conducted in March. Revisions to the Level 2 requirements has resulted in changes to the
Level 3 requirements. Many of the team members have been very involved in producing the Level 2 CDR
artifacts for CSP_Low. The sub-element CDR deliverables will be updated in time for the CSP CDR.
Prototyping has continued with the following progress:
•

•

•

•

Hardware design of Gemini HBM FPGA processing board:
o Completion of PCB layout and simulations.
o Completed prototype of blue anodised liquid cooled heatsink and backplane manifolds.
Sample has been delivered from ASTRON to CSIRO and is currently being assembled and
tested.
o EMI measurements performed on the Gemini with a large “heater” FPGA design with some
EMI “hot” spots on the board to fix.
Software prototyping:
o Design workshop held for the TANGO sub-system architecture and data flows through the
complete control system.
o Commencement of packetised model for FPGA code verification with control inputs from
LMC.
Firmware Prototyping:
o Workshops held to assist in writing up and reviewing FPGA Code module descriptions
o Build framework and board support package functional along with Monitoring and Control
o Adoption of an AUT developed matrix style correlator that saves a significant amount of
FPGA memory.
Publications:
o Two conference papers for the Automatic Register Generation System (ARGS), as well as a
paper on the liquid cooled Gemini heatsink.
o We are proud to say that both primary authors (Mia Baquiran and Paulina Fusiara) are senior
female engineers on the Perentie team.
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The Perentie Gemini blue anodised liquid cooled heatsink and board (photo credit: Paulina Fusiara)
MID Correlator and Beamformer (Mid.CBF)
The Mid.CBF Sub-element is led by NRC and is based on a Stratix 10 FPGA solution. This is a joint effort
with MDA, NZ Alliance and INAF. Since the last newsletter in March the Mid.CBF Team has been focused
on addressing the OARs and comments from the sub-element CDR conducted in March. Revisions to the
Level 2 requirements has resulted in changes to the Level 3 requirements. The Signal Model document and
analysis has been expanded. Many of the team members have been very involved in producing the Level 2
CDR artifacts for CSP_Mid. The sub-element CDR deliverables will be updated in time for the CSP CDR.
Prototyping has continued with the following progress:
•
•

•

•

Firmware design to progress high risk areas of firmware development
o Design work continues on the top-level correlator FPGA design for the FSP-Part.
Monitor and Control Software running on embedded processors
o U-Boot & Linux OS configuration for HPS on TALON-DX nearly completed.
o Porting software to Stratix 10 embedded processors well underway.
o Development and testing of FPGA configuration and partial configuration infrastructure
underway.
Hardware design of TALON-DX Processing Board
o 26G and 100GbE tests completed with excellent bit error rates.
o Fabrication of TALON-DX boards with engineering sample Stratix 10 SX280 FPGAs (with
embedded processor) complete and boards are under test.
o First prototypes received and board bring-up complete.
o Design considerations allowing TALON-DX Board to support incorporation into DSH Digitizer
project are complete.
o TALON-DX V3 prototype design work to accommodate minor changes for DSH Digitizer
nearly complete.
o Fabrication of TALON-DX boards with production Stratix 10 SX280 FPGAs scheduled for fall
2018 (subject to chip availability).
Mechanical/thermal modelling and design work
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o
o

First prototype server LRU boxes received and assembled.
Thermal testing of prototype TALON-DX boards underway.

Pulsar Search Engine (PSS)
The PSS Sub-element Team is led by the University of Manchester, University of Oxford and the Max
Planck Institute for Radio Astronomy supported by input from INAF Italy, NZ Alliance, ATC Edinburgh, and
ASTRON. Since the last newsletter in March the PSS Team has been focused on addressing the OARs and
comments from the sub-element CDR conducted in January. Revisions to the Level 2 requirements has
resulted in changes to the Level 3 requirements. The sub-element CDR deliverables will be updated in time
for the CSP CDR.
Prototyping has continued with the following progress:
•

•

Significant progress has been made in the setup of the ProtoNIP cluster. It has been successfully
populated with a working operating system and associated code. This was a major achievement as
the control and roll out across the nodes was a non-trivial exercise, particularly when it needed to be
done remotely. So lots of lessons learnt for future deployment.
We also undertook extensive power and EMI testing of the prototype node analogs in the UK and are
currently writing up the reports on those.

Pulsar Timing Engine (PST)
The PST Sub-element Team consists of members from Swinburne and AUT. Since the last newsletter in
March, the PST Team has been focused on addressing the OARs and comments from the sub-element
CDR conducted in January. The PST prototype (PT-USE) is currently in operation at MeerKAT and making
regular pulsar observations as part of telescope commissioning and early science. PT-USE contributed to
the first astrophysical discovery made using MeerKAT, which provided critical radio observations that
enabled a multi-wavelength study of a newly revived magnetar (Camilo et al. 2018, Revival of the Magnetar
PSR J1622–4950: Observations with MeerKAT, Parkes, XMM-Newton, Swift, Chandra, and NuSTAR, The
Astrophysical Journal, Volume 856, Issue 2, article id. 180) [see also https://phys.org/news/2018-04magnetar-woke-years-silence.html]..
Path to CDR
Overall, the CSP Consortium has made good progress since March. The focus now is to prepare for the
CSP CDR meeting in September and respond to OARs as they are provided.
Report provided by the CSP consortium
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Low-Frequency Aperture Array

The consortium, together with the SKAO, is working on the completion of the Critical Design Review
material, but in the meantime engineering work continues. Prototypes of the improved SKALA antenna have
been built and are currently being tested in Europe (photos below). These prototypes will be tested at the
MRO as well.
Aperture Array Verification System 1: initial evaluation
The evaluation of a full size SKA1-LOW verification system: the Aperture Array Verification System 1
(AAVS1) has seen its initial start. An international team of astronomers and engineers are working their way
through the AAVS1 commissioning test plan.
A very successful site trip during November 2017 resulted into the finalisation of the AAVS1 main station.
The main station closely resembles future SKA1-LOW stations: 35-meter diameter in size, hosting 256 logperiodic dipole-antennas. The antenna signals are transported to the Central Processing Facility (CPF) using
Radio Frequency over Fibre (RFoF) technology. Within the CPF the antenna signals are digitised and
beamformed using Tile Processing Modules (TPMs), after which the beamformed data is sent to the
correlator.
Obviously, after realising the main station, the team is very keen on evaluating the system. Guided by the
AAVS1 commissioning test plan, several tests are being performed, ranging from straight-forward power
spectrum measurements to complex station-calibration. At the time of writing, only a subset of tests were
able to be performed, focusing on power spectrum measurement, drift scan testing and stability tests.
Measuring (and recording) the power spectrum received by an antenna results in plots such as shown in
figure 1. One can easily identify and troubleshoot outlier antennas, after which the test is repeated on all
installed antennas. Features in the spectra are all understood: the peak around 68 MHz and surrounding
wiggles is a feature of the SKALA2; the peak around 137 MHz is from Orbcomm and other satellites and is
frequently observed; the peaks between around 240-280 MHz are persistent interference from geostationary
satellites; the peaks between 360 and 380 MHz are persistent and have been observed before but are of
unknown origin, presumably satellites.
A drift scan is a measurement of the total power received by an antenna or array over a long period, typically
24 hours or more, with the antenna/array pointing in the same direction (often at zenith). At low frequencies,
a drift scan for each antenna should display a rising and falling total power measurement over a day,
consistent with the system temperature of the antenna being dominated by the background radio sky. An
example of a drift scan taken over several days is shown in Figure 2. The figure demonstrates very good
repeatability and stability of the system response on timescales of days. One can note that the spectrum is
free of terrestrial RFI, in particular for the FM and TV bands, highlighting the quality of the radio quiet site.
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Based on previous experience with dipole antennas at low frequency, we expect roughly 3 dB changes in
received total power in a SKALA2, depending on whether the Galactic centre is overhead or below the
horizon. The variations seen in Figure 2 are generally consistent with expectations.
The drift scans generally follow the same pattern over all antennas for several days. Figure 2 shows all
frequencies for a single antenna over several days. It also indicates that the antennas produce qualitatively
repeatable results over several days.
Near future tests are focused on instrument calibration and beamforming.

Figure 1: normalised total power measured for TPM 1, X-polarisation
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Figure 2: Waterfall plot of antenna 0 from TPM 0 over several days

SKALA Antenna development
The development of SKALA4 (the latest iteration of the log-periodic antenna for SKA1-LOW with
improvements in spectral smoothness, polarization and sensitivity) has continued. In April 2, prototypes were
deployed by LFAA in Western Australia (see Figure 3) to do RFI measurements and early on-sky tests. Mark
Waterson (SKAO) conducted these tests, which have been very helpful in the development of the antenna.
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Figure 3. SKALA4 prototypes at the MRO, WA.
Currently, the mechanics of the antenna center the efforts on its development. Presently we are working on
the antenna support components. Detailed Computational Fluid Dynamics simulations of wind loading are
being performed to address the effect of wind on the antenna structure (see Figure 4). This work is being
conducted in collaboration with INFRA AUS. Further work is still needed to finalise the design of SKALA4
including tests of the latest prototypes and array tests. This work will take place in the coming weeks and
months.
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Figure 4. CFD simulation of wind loading on SKALA4 (Credit: Nicolas Fagnoni, Cambridge University).
Furthermore, LFAA is currently working on full electromagnetic simulations of station beams with the newest
station diameter (38 m) and SKALA4 using HARP (software developed by the group led by Prof. Christophe
Craeye at the Université catholique de Louvain in Belgium in collaboration with the University of
Cambridge). Early validation of these simulations with smaller arrays (easier to simulate with commercial
codes) has been performed. Dr Hardie Pienaar from Cambridge University has performed the simulations
shown in Figure 5 using HARP and the commercial code FEKO. These simulations will help the consortium
in the preparation of the CDR documentation and the finalization of the antenna design. Furthermore, these
simulations will be useful for any further work on the station layout and in the calibration of the arrays.
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Figure 5. Array simulation validation with SKALA4. Comparison between HARP and the commercial code
FEKO. Top: 16-element array used for the validation (FEKO model). Bottom left: Beam cut in the E-plane.
Bottom right: Beam cut in the H-plane.

Report provided by the AADC consortium

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 being investigated further. The testing set up for the
beamformer board is shown in Fig. 1. A comprehensive GUI to control the phase and amplitude at the
element level (8x8 dual polarised finite array) is under development. For a single channel on the beamformer
board, the time delay and amplitude steps have been measured. This is shown in Fig. 2 and Fig. 3.
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Figure 1. The testing of the beamformer board for MFAA at the University of Manchester.

Figure 2. The absolute time delay measured at each step on the beamformer chip.
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Figure 3. The absolute gain measured at each step on the beamformer chip.
Report provided by the AAMID consortium

Signal and Data Transport

At the end of February, the Signal and Data Transport (SADT) Consortium submitted its design for the
SKA’s networks to be assessed in a Critical Design Review (CDR). This marked the culmination of over
four and a half years of work by the 15 different institutes that make up the Consortium. The core of the
design was captured in 19 Detailed Design Documents (DDDs) which detail the various SADT subsystems, each containing: a detailed solution description; Reliability, Availability and Maintenance
(RAMs) modelling; verification plan; consideration of security, safety, maintenance, integration and
interoperability; cost estimation; a statement of compliance; recommendations and a development
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roadmap; and discussion of outstanding issues and work. These DDDs were supported by Interface Control
Documents (ICDs), which detail how the SADT sub-systems connect both internally to SADT and to other
elements. Additional documents that complemented the DDDs and ICDs were also submitted, including:
Engineering Diagrams; Capex and Opex cost estimate documents and spreadsheets; RFI/EMC Analysis;
Hazard Analysis; RAMS and Integrated Logistics Support (ILS) report; Risk Register; Master Data
Assumptions List; the SADT Compliance Matrix; Requirements Specifications; the element Verification
Plan and Cross-Reference Matrix; Construction Plan and Schedule; Operations Plan; Procurement Plan;
Project Management Plan and System Engineering Management Plan; Product Breakdown Structure;
configuration documents; data lists; Bill of Materials. In total the SADT CDR data pack consisted of 138
formal Deliverable documents supported by an additional 100 Reference documents.
A review panel of external experts and members of the SKA Organisation reviewed the SADT design and
raised a total of 1109 comments and issues captured in the Consolidated Observation Action Register
(COAR). A review meeting was held between 15-18 May at the SKA HQ to discuss these COAR issues
and agree any necessary amendments to the design, with two days dedicated to the synchronization and
timing aspects and two days to the network architecture and data transport. The meeting was constructive
and conducted in a professional and friendly atmosphere, allowing a collegial interaction between all the
panel and consortium members. The panel was impressed by the completeness and robust design of the
networks and concluded that the design will satisfy the SKA requirements. The panel’s conclusion was that
the detailed design had conditionally passed, contingent on closing out all COAR action items and the
panel congratulated the Consortium on their work. We thank the panel for all their work, especially the
external experts Gie Han Tan, Vincent Ducret, Tzu-Chiang Shen, Bill Shillue and Pierre Waller, and the
observer from the Science and Engineering Advisory Committee, Carole Mundell. A video showing first
impressions from the SADT review is available at https://www.youtube.com/watch?v=Y7v9p65zRYs .
Since the review, the Consortium has been working on the actions identified by the panel. These have now
all been completed and re-submitted to the SKAO for assessment. The amended document set, with 41
additional documents, will form a baseline for the design and will provide an excellent starting point for
the overall System CDR. After the completion of CDR, the Consortium will formally be dissolved, but
many of the Consortium members will continue to assist 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.
Report provided by the SaDT consortium
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Infrastructure Australia

The focus during this period has been towards Infrastructure Australia’s Critical Design Review meeting
held at the SKAO 27 – 29 June 2018. All 2.3 GB (620 individual documents) were submitted on schedule
and the team flew to Manchester for the meeting.
Since just after document submission, the team has been working through its OARs items, responding to
the various questions and comments from the review panel. Whilst many items were closed out in this
period, a number of course went through for discussion at the face-to-face meeting. This meeting was
scheduled for the very end of June, carefully selected to coincide with the hottest weather in years to make
the Australians (and South Africans, who had their CDR the following week) feel at home with temperatures
over 31deg C.
The team for the face-to-face meeting consisted of Ant Schinckel (CSIRO, Consortium Lead), Rebecca
Wheadon (Aurecon, Project Manager), Shandip Abeywickrema (Aurecon, Project Engineer), James
Massoud (Aurecon, Power Engineer), Matt Burley (Aurecon, Civil Engineer), Mark Bendotti (RLB – Quantity
Surveyor) and Graham Allen (CSIRO, General Engineer, via Videocon). It should be noted that this is just
the tip of the iceberg – there have been over 90 people who have been involved in developing the
Infrastructure Australia design material!
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Figure 1: The Infrastructure Australia CDR team for the face-to-face meeting. L-R: Matt Burley, Mark
Bendotti, Ant Schinckel, Rebecca Wheadon, Shandip Abeywickrema, James Massoud
The review went very well, with a lot of discussions on a number of topics. The addition of the scenarios to
be studied on the last day proved very useful. Whilst some version of this (“use” cases) had been
considered internally, these did produce some new information – for example around aspects of which
equipment should be on which UPS in an emergency when you also have a power outage.
I would like to thank the Panel for many very useful comments that will in fact lead to a better
telescope. Ploughing through all this material was a thankless task I’m sure – but I’ll thank you anyway.
The INAU team was very pleased to receive a Pass, conditional on completing the agreed actions by the
CDR closeout date (30 September 2018).
Since them the team (after some recovery) has been busy working on closing out the OARs action item list.
Whilst in the UK, the INAU team also had the opportunity to tour the soon-to-be-completed new SKAO HQ,
the highlight of which is clearly the Council chambers – a very impressive space.
We have also commenced discussions with the SKAO around bridging period activities, tasks,
management etc.
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In related news, the heritage surveys have commenced and good progress has been made. These surveys
are to examine the ground that will be disturbed for the SKA1-low in some detail to look for areas of
significance to the Wajarri people, the recognised traditional owners of the land. These walkovers involve a
team of Wajarri people along with anthropologists and archaeologists literally walking the entire area that is
likely to be disturbed by the construction of SKA to look for any sites that have heritage significance. These
range from areas that may have been campsites to cooking areas, graves, sites for ceremonies, tool
making sites, hunting areas, etc. Whilst a number of these were known previously, several more have been
discovered in this process. The area involved is very large – over a thousand hectares will have to be
carefully examined, much of it in long thin strips along the 45 km spiral arms. We expect these surveys to
be completed late in 2018, weather permitting.

Report provided by the Infrastructure Australia consortium
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Infrastructure South Africa

The INFRA SA Consortium is responsible for the design of the Infrastructure & Power Sub-elements for
SKA1-mid in South Africa. This includes Access (roads, civil works), Buildings, Communication, Site
Monitoring, Security, Antenna Foundations, Vehicles, Power, Water and Sanitation.
The Consortium submitted its CDR submission pack to the SKAO on the 30 April 2018 following our CDR
Readiness Review in March 2018.
The CDR panel raised a total of 478 observations of which 137 observations were discussed at the CDR
meeting which was held from the 2-4 July at Jodrell Bank.
Part of the CDR agenda was to also look at six different infrastructure scenarios to test the design – which
includes but not limited to: a failure of the mains power supply; a lightning strike on one overhead power
distribution line on a spiral arm, a fire in the Central Processing Facility and extreme conditions to name a
few.
These scenarios were extremely helpful to validate the design and to pick up any potential gaps which are
being addressed as part of CDR close-out.
A number of aspects have been identified by the Consortium and the SKAO which will be carried forward to
the bridging phase. One activity in particular will be to revisit some of the road, power and fibre routing,
particularly in the 3 spiral arms as the heritage, ecology and aquatic walkthrough has been completed and
NO GO areas identified. A routing discussion was scheduled on the 25 July in Johannesburg with the
environmental specialists to agree on how this routing should change. There are similarly a few antenna
positions that have also been identified in NO GO areas and will have to shift. This will require an update to
the SKA1-mid physical configuration through an Engineering Change Proposal once the new antenna
positions have been agreed to with the SKAO.
The Consortium will work towards a two-phase submission for CDR close-out in September 2018.

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 SKA1low 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 packages.
The derivation of Test Procedures for the SKA1 Telescope
The AIV Consortium is currently busy with its last major delivery during the Pre Construction Stage of the
SKA1 project, namely the writing of Test Procedures; more specifically, the writing of high-level Test
Procedures. During the Construction Phase these high-level Test Procedures will provide a running start
to the integration and verification team.
Arriving at Test Procedures is not as simple as writing a test plan for every single system (Level-1)
requirement. This would lead to inefficiencies during the execution phase of these Test Procedures, since
similar system requirements can often be verified by a single (slightly elaborated) Test Procedure. More
importantly, this approach does not consider the sequence in which these Test Procedures would be
executed, nor does it consider the early mitigation of risk by executing some of these Test Procedures
early during construction.
Figure 1 below shows a schematic that illustrates some of the key steps that were executed by the AIV
Consortium in order to arrive at Test Procedures.

SKAO eNewsletter August 2018
www.skatelescope.org

22

Figure 1: Risk-based process to arrive at Test Procedures.
At the top of the “pyramid” are the system requirements. In order to mitigate verification risks as early as
possible, a Roll-Out Plan was written for both SKA1-mid and SKA1-low. The Roll-Out Plan describes a
sequential roll-out of Telescope functionality within Array Assemblies and therefore forms the basis for the
delivery of products and for the planning of integration and verification activities. It also lists some of the
key engineering goals for each Array Assembly, as well as for the back-end system that will be qualified in
the Integration Test Facility (ITF). Radio Telescopes lend themselves to a sequential roll-out, and this
characteristic is fully utilised in the integration and verification approach. The philosophy of “integrate
early and often” underpins all of the work conducted by the AIV Consortium.
A separate delivery of the AIV Consortium is the derivation of Verification Requirements. These are highlevel descriptions of how to verify the system requirements. Similar system requirements may be verified
by a single (slightly elaborated) Verification Requirement. During this stage of the process the team or
entity responsible for executing the verification is also identified.
Verification Requirements are grouped into Verification Events. At the highest level, these Verification
Events are dictated by the Roll-Out Plan, i.e. every Array Assembly (as well as the ITF Qualification
Event) is a Verification Event. Figure 2 illustrates how these Verification Events are aligned within a tree
structure. Verification Requirements are fulfilled at Verification Events that are at the lowest level of this
tree structure.
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Figure 2: Verification Events aligned within a tree structure.
Once the Verification Requirements and the Verification Events are defined, the Integration & Verification
Plan can be written. The I&V Plan provides a structured framework, in which all integration and
verification activities will be carried out in a coordinated manner. It identifies both integration events and
verification events. Such a plan can be used to apply project management tools to manage the integration
and verification activities during the Construction Phase.
Finally, the high-level Test Procedures can be defined. Every Verification Requirement is further
elaborated in a Test Procedure, providing more detail with regard to the test setup, test method and
pass/fail criteria. Every Verification Event gives rise to a single Test Procedure document, which contains
all of the Test Procedures associated with the Verification Requirements that are contained in that
Verification Event.
The generation of the Test Procedure documents is automated by using a systems engineering tool called
CORE. This makes it possible to automatically include the full traceability within each Test Procedure
document with regard to:
•
•
•

The originating system requirement
The derived Verification Requirement
The Test Procedure executing the Verification Requirement

It should be noted that some Test Procedures will show no traceability to a system requirement. 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 requirement. They are primarily derived
from experience gained from integrating and commissioning Precursor telescopes. Both types of Test
Procedure are grouped into Verification Events.
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Furthermore, in addition to listing the system requirements number and name within the Test Procedure
document, the system requirements full description and rationale are also provided. This information is
helpful when the Test Procedures are developed further during the Construction Phase.
Test Procedures for SKA1-MID
Test Procedures for SKA1-mid are developed according to two approaches:
•

•

Firstly, in a top-down approach, Test Procedures are expanded from Verification Requirements,
which provide a high-level description of how to verify the Telescope’s system
requirements. These tests are termed “Verification Tests”.
Secondly, in a bottom-up approach, based on Precursor experience, the Test Procedures that
were useful in commissioning the MeerKAT Telescope are applied and re-written for SKA1mid. These tests are termed “Commissioning Tests”.

All of these tests are executed within Verification Events at the various stages of SKA1-mid construction:
at the ITF and at Array Assemblies 1 to 4, depending on the available functionality of the Telescope at
hand. In many cases a system requirement can be partially verified at an early stage (e.g. at Array
Assembly 1) and only fully verified at a later stage (e.g. at Array Assembly 4).
The linking of System Requirements, Verification Requirements, Verification Events, Verification Tests,
Commissioning Tests and the generation of Test Procedure documents is maintained in CORE, which is a
Model-Based Systems Engineering tool.
Figure 3 shows an example of the Verification Event and Test Procedure structure and linkage from
CORE.
An example of how the schedule of Verification Events and Test Procedures is maintained within
MS Project is shown in Figure 4. Verification Tests are shown in black font and Commissioning Tests are
shown in blue font. The yellow highlighting in the first column indicates Test Procedures that are executed
for the first time. Initial commissioning and verification testing often takes a lot longer than initially
anticipated, with a lot of iteration as bugs are fixed, test procedures are written and verification scripts are
optimised.
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Figure 3: Screencapture of CORE, showing the traceability of the various parts of the Verification Model.

Figure 4: The schedule of Verification Events and Test Procedures is maintained within MS Project.
Test Procedures for SKA1-LOW
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The development of Test Procedures for SKA1-low builds upon the extensive work already done by the
AIV Consortium regarding Verification Requirements and Integration and Verification Plans. The Test
Procedures are derived from these two documents and further refine and detail the test methods already
described at a high level in the Verification Requirements document. The test procedures capture the way
in which the AIV Team will test the SKA1-low system at different stages of its deployment (the Array
Assembly Milestones) and verify the System Requirements.
For such a complicated system as the SKA, a great deal of liaison is required with system domain
experts. The intention of the AIV team at the end of the Pre-construction phase is to capture as much of
this specialist information as possible, to be used as a starting point for refining the test procedures during
construction.
For the ITF and the four Array Assemblies (AA1 – AA4) there will be about 400 test procedures for SKA1low. Some are relatively straightforward (such as power consumption and power cycle tests), whereas
others are far more complex (such as Continuum/Spectral Line Imaging and Pulsar Timing/Pulsar
Search). The implementation of these tests will require an AIV team with a comprehensive set of skills
(both in the engineering and astronomy fields); a team with the ability to determine system faults and
performance from the behaviour of the SKA1-low system during testing.
The AIV testing activity is a key part of SKA1-low construction, sandwiched between the physical
installation and implementation of system hardware and software at the MRO site and the handing-over of
a completed telescope system to the SKA Operations Team and the radio astronomy community.
The work being done on the development of SKA1-low Test Procedures has a couple of valuable spinoffs:
Firstly, the creation of Test Procedures has allowed the identification of durations, resources and
dependencies for each test case. That has led to an overall Assembly, Integration and Verification
schedule within a hierarchy of Verification Events. The AIV Consortium has indeed created a schedule for
SKA1-low AIV and has provided this to the SKAO as an input for construction planning. The critical path
for SKA1-low construction and key risks to the schedule have also been identified and communicated by
the AIV Consortium.
Secondly, the development of Test Procedures supports the creation of detailed resource estimates for
Assembly, Integration and Verification of SKA1-low. Using a bottom-up approach, and by aggregating the
effort of individual tasks, the total amount of effort required for SKA1-low AIV can be accurately
determined.
The combination of these two spin-offs provides a clear picture of SKA1-low AIV resourcing over time,
including the particular skills needed at different points in time. This analysis supports strategic HR
management of AIV activities throughout the construction phase of the SKA1. This kind of planning is
iterative, with information becoming more detailed and accurate with each attempt. The iterations of
forward planning, scheduling and resourcing within AIV is likely to continue until the end of SKA1
construction.
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Figure 5: The development of Test Procedures is informing the AIV Resource Plan.
MeerKAT Integration
On Friday, 13th July 2018, South Africa’s 64-Dish MeerKAT Radio Telescope was officially inaugurated
by Deputy President David Mabuza. This event has been covered on the SKA website here.
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, the SKA Office has decided to conduct a MeerKAT Integration CDR, which is
scheduled in the week of 22 October 2018.

Figure 6: The MeerKAT Radio Telescope was officially inaugurated on 13 July 2018.
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Challenges
Experience with other radio telescopes has consistently shown that the roll-out activities and AIV work
scope is often underestimated, 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.
Report provided by the AIV consortium

DISH

In the past few months, all of the Dish’s sub-element teams have been busy with the qualification tests and review
preparations. The mechanical alignment of SKA-P was completed in June in China; the second prototype dish, SKAMPI, recently arrived in South Africa; and the SPF Band2 and Band1 have also been installed on MeerKAT Dish #21.
Together with the system engineering team, the SPF team is working on the integration testing and the SPF Band1
CDR. The SPF Band5 has been continuing with the tests of the cryostat system as well as the detailed design and
review process. The receiver team has also undergone the challenge of design alteration and with progress being
reported. The qualification model tests of LMC are almost completed and DFN has started the hardware procurement
process.
With so many milestones taking place especially for the completion of various qualification models, the system
engineering (SE) team has been endeavoring towards the test readiness review (TRR). Together with the sub element
teams, the SE team has successfully closed out the Dish Structure TRR, SPF Band1 TRR and LMC TRR. The SE team
has also been preparing and coordinating with the CDR meeting of SPF Band1 and LMC in the near future.
According to the updated schedule, a new ECP has been reported to SKAO for review, with most of the hardware
having gone through the fabrication & assembly, shipment & clearance, RFI test and qualification tests during this
period. Meanwhile, the schedule has been monitored and reported back to SKAO, with the Dish Consortium now
preparing the cost for the next round update.
Finally the signing of the extension of Dish consortium agreement was completed in April with the Dish Consortium
marching towards the CDR firmly and steadily.
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Dish Structure
After the SKA prototype dish inauguration ceremony on 6th Feb, the dish structure team has been carrying on with the
assembly of the two prototype dishes and verification in parallel. For the first SKA prototype dish, known as SKA-P,
the mechanical alignment was completed in China in June. The photogrammetry measurement of the main reflector,
sub-reflector surface accuracies and the positions between main reflector, sub-reflector and feed show promising
results. The JLRAT team has been working further on SKA-P to support this verification including the antenna
performance tests in Ku Band, Band A, and preliminary observation at L Band, shown in Figure 1.

Figure 1 Installation of L Band on SKA P for preliminary observation
The second SKA prototype dish, known as SKA-MPI, is fully funded by the Max Planck Society (MPG) and managed
by MT Mechatronics. The SKA-MPI is being installed at the MeerKAT site in South Africa, adjoining the KAT-7 and
MeerKAT core. After being handed over to the Dish AIV team, SKA-MPI will be fully integrated with SPF Band1
and Band2 packages for the Dish system level test and the verification for Dish CDR.
With the arrival of the SKA-MPI on site in June, the engineering teams from JLRAT and MTM have been working on
the construction of the main structure, shown in Figure 2. The servo components were shipped to the Houwteq RFI
test facility in South Africa by air and sea. Those components are now being tested as a whole servo system at
Houwteq for RFI certification and then will be shipped to site for installation, as shown in Figure 3.
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Figure 2 SKA-MPI construction on site
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Figure 3 EMI testing of Servo system at Houwteq
The Indexer team has finished the integration verification and finalized the interface with the SPF package. The
indexer main structure is on its way to South Africa, and the team has also been working on the EMI design of encoder
IO unit. This had been shipped to MPG for RFI test and then was shipped to the site in South Africa.
Due to the strict RFI requirements of the SKA Dish and MeerKAT site, the dish structure team has completed an
additional RFI TRR before the shipment of SKA-MPI. The modifications of EMI design and RFI tests within the
components level were completed in Germany, China, Italy and South Africa.
The dish structure team is foreseen to meet again at the site in South Africa to finish the installation of SKA-MPI.
Currently they have been working on the preparation of the dish structure TRR.
Meanwhile, SKAO has made the proposal to fund the holography test on SKA-P. The work is being led by the CSIRO
engineering team and supported by JLRAT, to accelerate the verification process of Dish.
Local Monitor and Control
The LMC team has closed the LMC software and hardware TRR. So far the States and Modes documents have been
updated to the 3rd version. Along with the software development, the manual and automated qualification tests are
ongoing. The hardware is now available and the team is busy with the preparation of their CDR documents, to be
submitted by the end of July.
Single Pixel Feed
SPF Band1
After closing out the TRR in March, The SPF Band1 team has been working on the two qualification models. The RFI
and environmental test in Sweden was completed in June and the qualification test has been carrying on at the OSO.
Another qualification model has been shipped to South Africa. After the successful RFI certification, the SPF Band1
was installed on MeerKAT Dish #21, as shown in Figure 4 and Figure 5. The SPF Band1 team has been working
together with SPF Band2 team and on the SPF Band1 test and Band 1&2 integration. The SPF Band1 CDR has been
scheduled in September, with the documentation and meeting preparations on track.
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Figure 4 SPF Band1 B2B RFI testing

Figure 5 SPF Band1 mounting on the MeerKAT Dish #21
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SPF Band2
The Band2 feed was successfully installed and tested on a MeerKAT dish in May. This was the first SKA SPF being
tested on site and also the first SKA feed having a test jig during APR as shown in the Figure 6.

Figure 6 SPF Band2 mounting on the MeerKAT Dish #21
During the SPF Band2 MeerKAT integration test, a Band2 V-channel output power graph was produced, as is
illustrated in Figure 7. The graph shows a number of frequency sweeps with the antenna pointed at the south celestial
pole. The resolution bandwidth is 1MHz. The higher powered lines include 10% of Tsys calibration noise.
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Figure 7 SPF Band2 on sky test V-channel output power
SPF Band5
The SPF Band5 delta PDR was successfully closed at the end of June. To close the delta PDR, SPF Band5 team has
decided that; the Band5a and 5b feeds will be cooled to 70K; with the Turbo-pump RFI being measured, 80dB of
shielding being required; and the baseline of cold-head will be the Oxford cryo-system 6/30. All these are documented
in the updated PDR design document.
The assembly and test of thermal plumbing for prototype B345 has been completed, shown in Figure 8 and Figure 9.
This will verify the thermal distribution system for the complete 5-feed system.
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Figure 8 SPF Band 345 Bench tests on heater circuits

Figure 9 SPF Band 345 MLI around bus-bars1
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CETC54 is working on the new Band5a and 5b OMTs, which will now include all the required mounting features for
fixing into the cryostat. SPF Band5 team has started the electromagnetic modeling to verify window sizing following
the feeds cooling design. The detailed design of cryostat qualification model has continued with the final decision of
delta PDR, as shown in Figure 10 and Figure 11.

Figure 10 SPF Band345 Assembly in Cryostat

Figure 11 SPF Band345 20K cooling straps
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Controller, Vacuum and Helium compressor
SPFC Tango issues were resolved after a visit by Lorenzo Pivetta (SKAO). The challenges resolved included memory
leaks and unreliability of connections with feeds and test software (LMC interface). SPFC software was successfully
utilized during the on-sky testing of the Band1 and Band2 feeds on the MeerKAT dish.
Since the findings of the Band2 and services CDR, testing with alternative vacuum pumps has been ongoing. In
addition, design work continued on the helium service and the compressors which may be used. These included the
baseline MeerKAT Trillium, SHI and OCS compressors, with a custom modified FA-40 compressor for qualification
having been received, shown in Figure 12. The first examples of the new Oxford helium compressor have also been
reviewed. The assembly with compressor control module from EMSS and the factory tests have also been completed.
Two units have been delivered to Oxford University in June, as shown in Figure 13.

Figure 12 SHI Helium Compressor and parts
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Figure 13 OCS Compressor
Receiver
Multiple components of Band123 have been undergoing redesign to address the coherence issue, requiring increased
effort with more resources necessary to mitigate delays. An Assistant Project Manager and two additional team
members have been added to SPF Receiver (SPFRx) team to refine project schedule and support the design.
SPFRx-CSP-SKAO coherence workshop held in Penticton revealed the need to deploy additional ADC devices
dedicated to all sampling frequencies. FPGA platform changed from Xilinx Ultrascale board to Intel/Altera Talon
board and it is recommended to address increased I/O needs.
The new design of Band 123 ADC board based on ADC12DJ3200/4000 to resolve the coherence issue has been
finished, as shown in Figure 14. It has the advantages of half the physical size, reduced number of data lanes, reduced
power consumption and a flatter frequency response. The Fabrication of the new Band 123 ADC board was completed
in July and is waiting for functional testing, shown in Figure 15.
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Figure 14 3D rendered image of the new ADC board we developed to resolve the coherence issue of B123

Figure 15 Finished printed circuit which is currently undergoing assembly by pick and place
The RXS123 mechanical update for the fabric-ability has been completed. The redesign of RXS123 is ongoing to hold
two dual polarization ADC boards and associated support circuits, as shown in Figure 16.

SKAO eNewsletter August 2018
www.skatelescope.org

40

Figure 16 Mechanical redesign of RXS123 indexer enclosure for holding two ADC boards as required to solve the
coherency issue
The receiver team has finished the redesign of SCP Talon1 board for compatibility with SPFRX and the EMI data
acquisition and processing software design for Ettus USRP. The integrated RF chain for bands123 has been fully
tested, as shown in Figure 17

Figure 17 Finished and fully tested integrated RF chain for bands 123
The receiver team is now working on the FPGA firmware porting from Xilinx to Intel/Altera Talon platform and the
SPFRx-LMC Tango software porting from BeagleBone SBC to Talon’s on board linux host. The progress of the
designs have been collected during the preparation of SPFRx Band123 delta DDR2 documents.
Report provided by the DISH consortium
SKAO eNewsletter August 2018
www.skatelescope.org

41

Science Data Processor

M20 - Submission, Review, OARs and Report
Since the last eNews submission in April 2018, the SDP Consortium successfully submitted a
documentation pack of roughly 30 documents for its Pre-CDR, M20, milestone to the SKAO. The
documentation pack included key Systems Engineering documents, Interface Control Documents (ICDs)
and an updated snapshot of the latest SDP Architecture views since the M19 submission and review in
November 2017.
In late June, a two-step review process was undertaken between SDP Consortium representatives and the
SKAO M20 review panel. The first step was a documentation review process where the objective was to
understand and assess the suitability and risks associated with the SDP design before entering the CDR
review process. The second step was a face to face meeting which first analysed the suitability of SDP
software architecture to meet the needs of its stakeholders, conducted using the SEI ATAM (Architecture
Trade-Off Analysis Method) process and based on scenarios generated previously and then discussed
observations made against the documentation pack in the first step.
The review process raised roughly 340 observations in the Observation Action Register (OAR) in the SKA
Jira system, the status of which is shown in the figure below.
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Figure 1: OAR Pre-CDR status as per SKA Jira
In mid July, the SKAO SDP M20 review panel released its cover letter and report which included the
categorised recommendations for further analysis and implementation by the Consortium to be completed in
time for SDP CDR submission in late October 2018.
The SDP commenced its next agile sprint in early July and the main areas of focus planned are:
•
•
•
•

Addressing the OARs raised during the M20 review process, with several workshops planned to work
with SKAO on higher-level system/programmatic overlaps
Continuing to develop detailed Architectural views taking into account risks/observations raised
during the M20 review
Documenting prototyping activities behind architectural choices
Further progressing SDP/TM and SDP/SRC interface discussion and documentation.

VP – Vertical Prototyping activities for SDP
The SDP vertical prototyping team focuses on porting computationally intensive algorithms to many-core
accelerators such as GPUs or FPGAs. The team uses the native languages of the accelerators such as
CUDA or OpenCL to maximise performance of code on target hardware.
For a given computational algorithm the team investigates which many-core accelerator is most suited to
executing it.
Much of the vertical prototyping effort is spent on studying "on-node" performance. Specifically, we aim to
inform the estimation of SDP efficiency. We also try to quantify the limiting factors for any given algorithm or
pipeline module. For example, is an algorithm compute or bandwidth bound? Can it be broken down to fit
into fast caches?
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The team also looks at hardware considerations for particular algorithms. For example, how much memory
does an algorithm need? If running on an accelerator does it need a fast connection to the host (node).
The team also aims to quantify the Cost/Benefit of using native languages like CUDA compared to using
pragma based approaches. For example, does the performance benefit of a code that is specialised and
more difficult to understand outweigh having a cleaner more maintainable codebase?
The team has a strong focus on industrial engagement. Recent work with Intel has focused on producing a
gridding algorithm written in OpenCL specifically for execution on FPGAs. This has been compared to
previous work (with NVIDIA and NAG) that produced a gridding algorithm optimised for GPUs (Figure 2).

Figure 2 - Three successive optimisations of a GPU gridding algorithm (magenta, orange and grey) for three
simulated SKA datasets (30-56, 56-82, 82-70). We see how different optimisation approaches has a
significant impact on the time taken for gridding the data.
Measurement Set v3 (MSv3) project
On the 9th November 2017 a Memorandum of Understanding was signed between the SKA Office and
NRAO for the design and development of new data models to address the data processing requirements of
next-generation telescopes.
After signing, the “Measurement Set v3” project was formed to investigate the requirements, current
limitations and future options for a new version of the Measurement set.
This project is a collaboration between the CASA group (in particular for this project, developers from NRAO,
NAOJ and ESO) and SKA SDP teams and is scheduled for completion in December 2018.
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The key areas of focus for the project are the logical data model - what to store in the Measurement set, and
the physical data model - how to store the visibilities. For the latter, performance benchmarks will be
established.
The logical data model is defined by the requirement that the measurement set shall contain the visibilities
and enough metadata to reduce the data.
Figure 3 below shows the current logical data model and the tables that it contains for version 2 of the
Measurement Set.
The proposed updates to the schema for the next version, v3, of the Measurement Set are:
•
•
•
•
•
•

Introduction of explicit keys to metadata
Data, weight and flag versioning
Standardisation of calibration tables
Formalise BEAM table with beam model information
Support for phased array interferometers
Minor updates for VLBI

The schema updates will be written up in a new casacore note which is currently in progress. The first visual
representation will be made in draw.io and changes will be distributed among all Casacore users for
feedback.

Figure 3: Logical data model for MSv2
The Physical data model covers how the visibilities are stored. Currently this is done in Casacore w hich is a
joint radio astronomy project for common software applications.
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Casacore is actively maintained by CASA group and ASTRON. About 20% of Casacore is the Tables
system which handles storing the data. This is called the Casacore Tables Data System (CTDS) and is
where the Measurement sets are stored.
There are a few current limitations with the CTDS those being:
•
•
•
•

It creates many small files, every subtable stores its own set files, which does not work well with
Lustre file systems.
The number of rows in the Measurement Set is limited to 32 bits.
The locking mechanism does not go well with parallel access and currently there is no MPI support.
The read and write speeds of the CTDS were questionable which called for performance
benchmarks to be taken.

These performance benchmarks were undertaken during the course of the MSv3 project to determine data
access patterns and whether the CTDS should be replaced.
After a series of benchmarking tests the preliminary conclusion was that performance is similar to HDF5 and
in some cases the CTDS was much faster so therefore it was concluded that there is no obvious reason, at
this stage, to replace CTDS by any other technology.
With respect to the the links, learnings and relationship to the SDP from the MSv3 project, the MSv3 logical
data model maps to the SDP visibility data model. Also, several other data models such as the calibration
and beam data models are stored as part of the Measurement Set. The Storage System should translate
well onto the SDP Architecture, in which it is essential to understand data access patterns to ensure
efficiency in the so-called Storage Managers.
At the end of the project, currently scheduled for December 2018, the following deliverables will be
delivered:
•
•
•
•
•
•
•

Updated logical data format -> new schema
Document with benchmarks, estimates of SKA/ngVLA data rates and identification of bottlenecks in
CTDS.
A proposed list of changes to the CTDS to mitigate the biggest issues.
Detailed design of the science data model.
Prototype implementation of the newly defined interfaces accessing existing Measurement Sets.
Prototype implementation of storage managers providing a path to an HPC implementation.
Costed plan for software implementation of the new data model.

Report provided by the SDP consortium
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Telescope Manager

Overview
It gives us immense pleasure and proud to share that we were able to successfully achieve the TM CDR
closure recently and with that, we come to the end of formal CDR phase for the TM. We embarked on this
journey in November 2013 with the kick off of the TM PDR and it took about four years and eight months to
reach this milestone. Over the last three to fours months our focus has been on addressing actions from the
CDR review process and achieve the milestone. Thus the TM becomes the first element in the SKA to
achieve this feat supporting overall project schedule in its favour by trying to adhere to the planned timeline.
While this brings the curtain down on the CDR phase we are looking forward to being part of the bridging
phase in the coming months. The high-level activities for the same are being discussed and agreed upon
with the Office in support of the System CDR and to further assess and mitigate TM's own risk areas
coming out of the CDR review process.
The summary of the work taken up since the last reporting, key events and accomplishments are as
follows:
TM CDR Review Meeting and Outcome
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TM CDR review meeting was held from 17th to 20th April 2018 at the Jodrell Bank Observatory. The
Architecture Tradeoff Analysis Method (ATAM) was used as a best-practice method for the validation of the
architecture completeness and for the identification of risks and was performed under the guidance of
Software Engineering Institute (SEI) facilitators. Following the meeting, the review panel submitted the
report on the TM CDR review process which provided a record of the meeting that includes
•
•
•

an overall summary of the panel’s opinion on the status of the design
the conclusions reached by the panel, and
a recommendation to the SKA Programme Board as the correct action to take as a result of these
recommendations.

The panel unanimously opinionated that enormous progress has been made since the TM PDR and the
review process clearly demonstrated that the TM Consortia met the review criteria successfully. No
systemic risks were identified that prevent the TM element from proceeding, provided a successful System
CDR. The panel noted that the presented materials clearly demonstrated that the TM architecture met the
requirements for construction and operations.
The external SEI facilitators considered the architecture documentation to be of an extremely high quality,
and overall the panel felt that the risks associated with this area of the project are far easier to mitigate by
proceeding to the next phase than continuing with further purely documentation related design activity.
At the same time, they also highlighted some areas that they felt require additional investigation and
prototyping.
Video Link: https://cdr.skatelescope.org/#videos?tm
TM CDR Close-Out Submission
Since the TM CDR Review meeting, it has been very busy last three months addressing observations and
comments from the review. There were 685 observations in total from the review and those were needed to
be resolved and the revised documentation had to be submitted by the end of June. This was not an easy
task given the amount of work involved. This required a lot of support from and coordination with the
reviewers. And also generated a number of discussions, sub-activities and threads that involved people
from within, the other consortia and the Office in order to resolve review actions unanimously. When the
revised design documentation was submitted most observations from the review were resolved. The
remaining observations have been transferred to System CDR in agreement with the Office and to be taken
up during bridging in time for the System CDR.
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We have now been awarded the Milestone Acceptance certificate for successfully completing the last
planned milestone and thus reach the end of CDR phase for the TM.
TM EPMs Visit to India
Maurizio Miccollis, the EPM for TM and SDP at the SKAO, visited NCRA, India in the month of May for four
days. During his visit, he had extended discussions with the Indian team mainly aimed to smoothly
complete the TM CDR close out submission. The discussion also firmed up the list of activities to be taken
up during bridging from the Indian point of view, including resource requirement for the same from NCRA.
Maurizio Miccollis also visited GMRT Telescope and Indian industry partners (TCS and PSL) and had
useful discussions.
Future Coordination within the Current TM Members
Now that the TM Consortium Agreement (CA) cease to exists at the end July 2018, it has been agreed, in
the TM Board, to work as a loosely coupled group going forward. The Office appears to welcome the move
and has approached us to help them with the coordination of the future group’s activities and tasks during
the bridging.
SPC SAFe Training
The first SPC SAFe training was organised at the SKA Office in the week of 23rd July and the consortium
was well represented given the activities to be taken up beyond CDR closure for the software dominated
packages in an agile and safe manner.
Report provided by the TM consortium
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News From Precursor & Pathfinder Facilities
ASKAP Report
ASKAP Commissioning – steady strides towards a major milestone
ASKAP commissioning continues towards the delivery of Array Release 3 - an 18 antenna array and the
commencement of phase two early science observations. This array will be a major milestone on the path to
full operations and includes the addition of a zoom mode (high resolution). As part of this work we have:
1) Commissioned a new, synchronous fringe rotator update system that reduces the amount of flagged data
and provides improved support for automated configuration changes
2) Commissioned the final frequency band, allowing access to 1400 - 1800 MHz as part of routine
operations
3) Integrated correction of electronic beam weights (using our newly-commissioned on-dish
calibration system) into the operations workflow
4) Increased the correlator bandwidth to 288 MHz and demonstrated stable data capture at this rate with 16
antennas
5) Delivered another batch of digital electronics to the observatory, allowing integration of four more
antennas
In the coming months we will be integrating between 8 and 12 more antennas into the main array. We will
also complete work on zoom mode support (allowing bandwidth to be traded for frequency resolution) and
independent phase tracking per beam, which are the final features required for array release 3. This will
open up new possibilities for early science.
In the lead-up to full operations, we have also been planning a pilot survey program that will commence
when all 36 antennas have been integrated. This program will test full scale operations for the first time and
allow the science teams to validate their survey strategies, processing pipeline parameters and data quality
metrics. We plan to begin these pilot surveys in the first quarter of next year.
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As part of ongoing system integration and performance tests, we have developed a number of diagnostic
visualisations that help to identify the problems. One of the most informative is to show the System
Equivalent Flux Density in each of the 36 beams on each antenna (shown as colour-coded circles). This
allows quick discovery of antennas (in this case, ak10 and ak19) in need of attention.
Pilot Transient Survey
A team led by Shivani Bhandari (Swinburne Uni/CSIRO) has undertaken a pilot search for variable and
transient sources at 1.4 GHz with ASKAP. The search was performed in a 30 square degree field centred on
the NGC 7232 galaxy group over eight epochs and observed with a near-daily cadence. It yielded nine
potential variable sources among the 3817 sources detected above the flux density limit of ∼1.5 mJy. The
nine sources are identified with active galactic nuclei and the variability in these objects is consistent with
refractive interstellar scintillation. A source displaying high variability over the decade between the Sydney
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University Molonglo Sky Survey (SUMSS) and the ASKAP observations, was also identified, with this
behaviour consistent with the properties of long-term variability of a quasar.
No transients were detected on time-scales of days and an upper limit was placed on their occurrence
rate. The future VAST-Wide survey with 36-ASKAP dishes will probe the transient phase space with similar
cadence to this pilot survey, but with better sensitivity, and will detect and monitor rarer, brighter events.
Answering the ASKAP data deluge with machine learning research
ASKAP’s large continuum survey, the Evolutionary Map of the Universe (EMU), will produce a catalogue of
about 70 million galaxies, which is about 30 times the total number of radio sources detected by all radio
telescopes over the entire history of radio astronomy. But to extract the science from that data, we need to
match these radio sources against other multiwavelength catalogues, and measure redshifts. We also need
to mine the data for those unexpected “WTF” discoveries that historically dominate the major paradigm shifts
in astronomy. Conventional techniques cannot cope with that number of galaxies, so we have built a
vigorous machine learning research group, spanning CSIRO, Western Sydney University (WSU), and other
institutions.
CSIRO postdoc Tim Galvin has used the “Self-Organised Maps” algorithm to classify radio sources, and
WSU student Nic Ralph has extended that technique by adding a “Convolutional Autoencoder” algorithm.
WSU student Kieran Luken has found that even relatively simple algorithms such as “k-Nearest Neighbours”
and “Random Forest” can use the optical and infrared photometry from NASA‘s Wide-field Infrared Survey
Explorer (WISE) space telescope and ANU’s SkyMapper telescope to obtain redshifts for the majority of
EMU sources.
In all this work, a major challenge has been to obtain sets of data to train and test the algorithms.
Fortunately, we have been able to use the “Australia Telescope Large Area Survey” (ATLAS) data, which is
closely matched to EMU in sensitivity and resolution, but limited in area and number of sources. To obtain a
large sample which has been matched and classified by human eye, we are fortunate in being able to use
the “Radio Galaxy Zoo” data, in which tens of thousands of sources have been examined and classified by a
team of thousands of “Citizen Scientists”.
Our informal “Machine Learning in Astronomy” group meets by videocon every 2 weeks, with participants
from all over the world. If you would like to drop in for a chat, see times and connection details on
www.mlprojects.pbworks.com
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Young astronomer excited about ‘best of both’ - ASKAP and MeerKAT
This week Australia farewells one of our ASKAP HI
Research Assistants, Dane Kleiner, who is
leaving CSIRO to take up a position with INAF in
Sardinia, to work on the MeerKAT Fornax project;
led by Paolo Serra (also formerly of CSIRO). For
the past 18 months, Dane has been working with
the WALLABY survey science team doing both
science (imaging the nearby spiral galaxy IC 5201)
and working with commissioning the telescope and
its software.
The Fornax cluster is being observed by both
ASKAP and MeerKAT and Dane says this is a great
opportunity to use observations from these new
pathfinder telescopes, to do new cutting edge
science.
“Each telescope has its own strengths, where
MeerKAT has superior sensitivity and ASKAP is a
powerful wide-field imager. ASKAP will have the
ability to identify new targets on the outskirts of the cluster that MeerKAT can image with follow up
observations.” says Dane.
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Dane joins a small, elite group of astronomers who have experience working with both telescopes and says
this project will simultaneously make use of the best assets of both ASKAP and MeerKAT – something to
look forward to with the SKA!
“The experience I’m taking with me from CSIRO is being able to reduce and analyse data from a new radio
telescope – no other telescope has been built like ASKAP with its unique phased array feeds.”
As part of the globally agile astronomy workforce, Dane follows in the footsteps of others who have worked
on SKA pathfinders in Australia, including Ian Heywood (who recently led the creation of the stunning
MeerKAT image of the Galactic Centre) and Xinyu Wu an expert ASKAP programmer, who recently took two
years leave to join the MeerKAT software team in Cape Town.
Arrivederci e buona fortuna (good-bye and good luck) Dane!
ASKAP Project Manager wins national award
Dr Adrian Rispler, leader of the ASKAP production team for CSIRO’s Astronomy and Space Science (CASS)
has been awarded Project Professional of the Year 2018, by the Project Management Institute (Australia).
The award specifically recognises practical demonstration of advanced skills and understanding in the areas
of Agile, Lean, Digital, and Innovation. Criteria includes; significant achievement or sustained performance in
contribution to the completion of projects, and achievement demonstrated initiative and leadership. In his
acceptance speech, Adrian made clear the effort and support of the entire ASKAP team, the benefits of
diversity across all project stakeholders, as well as the importance of family and maintaining work-life
balance for sustainable performance.
The PMI awards event was held in conjunction with Australia’s Premier Project Management Conference
and showcases the latest ideas and thinking around key project management topics, all highly relevant to
the SKA project and its pre-cursors. Adrian was joined by CASS Major Project Specialist, Dr Phil Crosby, in
a conference presentation, showcasing ASKAP and the SKA mega-project. The talk was enthusiastically
received, with many follow-up questions and post-session discussions.
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Report provided by Annabelle Young, CSIRO

HERA Report
HERA construction is on-going with a goal of the full 350 elements in 2019. Currently efforts are focused
on deploying the new systems, which replace everything except the antenna elements themselves. The
new feeds operate from about 50-250 MHz and the first units have been deployed and are currently under
test (see Figure). The new front-ends send analog RF over optical fiber to the new digitiser/channelizer
boards (known as SNAPs) in the field-deployed RF-tight node enclosures. The new front-ends also allow
calibration loads to be switched in and may be phase-switched. The new fiber backbone from the HERA
site to the Karoo Array Processor Building (KAPB) has been installed which allows the X-engine of the
correlator to be located within that infrastructure.
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With the inclusion of so much (all!) new signal path hardware, HERA will spend the initial few months of the
upcoming observing season in commissioning mode, with science observations starting in October with
about 50 new systems. The number of antennas built and used will increase over the season to about 200.
Observation features will also be ramped up over this upcoming season, including higher frequency
resolution and baseline-dependent averaging. Future features will further increase the frequency resolution
and shorten archived integration times.
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, National Radio Astronomy Observatory, University of Pennsylvania,
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.

Report provided by David De Boer, University of California Berkeley
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Parkes Observatory Report
UWL First Light
In May, the Ultra-wideband Low (UWL) receiver system was installed on the Parkes Telescope.
Commissioning observations have been carried out in various observing modes, including pulsar searching,
pulsar folding, continuum and spectral line.
For the current semester (2018APR), the UWL is offered as a shared risk national facility and has already
been used for the Parkes Pulsar Timing Array project. For the next semester (2018OCT), the UWL will be
officially offered as a national facility. Attached below is the first light of UWL on 2018 May 17, a high signalto-noise ratio pulse profile of the Vela pulsar.

A single pulse from the Vela pulsar as seen across the UWL observing band.

Report provided by Annabelle Young, CSIRO
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Updates from the Science Working Groups
Cradle of Life
The Cradle of Life (CoL) working group focuses on four main science themes:
1) how Earth-like planets form;
2) how life originated on Earth;
3) what exoplanets look like;
and 4) the search for extraterrestrial intelligence (SETI).
The SKA will study how sub-micron interstellar dust particles stick together and grow in proto-planetary disks
as a key step in rocky planet formation; it will search for pre-biotic molecules such as amino acids and their
precursors in the medium between stars; it will study the magnetosphere of exoplanets and their interaction
with stellar winds; and it will perform deep searches for artificial signals from exoplanets in our
neighbourhood.
Science activities and meetings:
1. TNOs (Trans-Neptunian Objects) meeting organised by Thomas Muller and Pablo held in Granada
(Spain) from the 25th to 27th of April to explore the TNO science that could be done in the future with
the SKA.
2. SKA Dutch community meeting held in the 24th of May at ASTRON in Dwingeloo.
3. SKA CoL poster contribution at the “Astrochemistry: Past, Present & Future” meeting held at Caltech
from the 10th to the 13th of July.
4. SETI session at the COSPAR 42nd Assembly held in Pasadena from the 14th to the 22nd of July.
Publications related to the science areas covered within the CoL working group from April to
August 2018:
- Invited review article for The Astronomy and Astrophysics Review on Radio Jets from Young Stellar
Objects:
Anglada, L.F. Rodriguez & C. Carrasco-Gonzalez 2018, A&ARev -> The link for the pre-print can be found
here: https://arxiv.org/abs/1806.06444
- Radio interferometric observations of an asteroid occultation:
Harju, K. Lehtinen, J. Rommey, et al. 2018, submitted to Astronomical Journal -> The link can be found here:
http://adsabs.harvard.edu/abs/2018arXiv180405640H
- Detection of dust continuum linear polarisation with the JVLA toward IRAS16293-2422:
B. Liu, Y. Hasegawa, T.-C. Ching, et al. 2018, accepted to A&A -> Link can be found here:
https://arxiv.org/abs/1805.02012
Report provided by Cradle of Life SWG
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Magnetism
Activities in the last quarter
The Power of Faraday Tomography: Towards 3D Mapping of Cosmic Magnetic Fields
28 May - 2 June 2018, Miyazaki, Japan
A very rewarding conference was held in Miyazaki, Japan, organised by SKA-JP. In addition to a
comprehensive science program, the conference featured tutorial sessions teaching modern radio
polarimetric techniques, an ASKAP POSSUM workshop, and even a karaoke session! Proceedings of the
conference will be published in a special issue of Galaxies.
Link: http://ska-jp.org/ws/SKAJP_MAGWS2018/
Upcoming conferences
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 edgeon 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 will be held in Calgary, July 30 to August 4,
2018. The meeting is open to members of the CHANG-ES consortium and other participants by invitation.
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. The Focus Meeting will be the moment to discuss the
challenges and opportunities for understanding the magnetized Universe from scales of galaxies to the
cosmic web and connect information across the spectrum.
Link: https://iau2018fm8magnetism.wordpress.com/

IAU General Assembly Focus Meeting 4: Magnetic fields along the star-formation sequence
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30-31 August 2018, Vienna, Austria
It is believed that magnetic fields play important roles in star formation processes, in particular to overcome
both the angular momentum and magnetic flux problems. Polarimetry from the optical to the centimeter
wavelengths has been the most powerful observing technique to study magnetic fields: in this Focus
Meeting we wish to bring together communities working with polarimetric observations of the various stages
and objects along the star formation sequence, from the structure of star-forming molecular clouds to the
arrival of young stars on the zero-age main sequence. The goal is to discuss how to compare observations
of magnetic fields at different evolutionary stages and physical scales such that we can establish a coherent
view of their key role in the multi-scale process of star formation. Combining results from different fields is
complex, and thus we will emphasize how different measurements of the magnetic fields can be compared
and interpreted into a coherent picture despite widely varying observing techniques, and the very different
objects and physical scales that are probed.
Link: https://meetings.aip.de/iau30-fm4/

LOFAR Magnetism Key Science Project annual meeting
10-14 September 2018, Kraków, Poland
The 2018 Annual Meeting of the LOFAR Magnetism Key Science Project will take place in Kraków, Poland.
The meeting includes two days of science presentations, and 3 Busy Days. The meeting is organised by
the Astronomical Observatory of the Jagiellonian University, and will be hosted in the main building of the
Faculty of Physics, Astronomy, and Applied Computer Science. The purpose of this meeting is to present
recent science results obtained with LOFAR, discuss future work of the MKSP within the LOFAR project, as
well as other related tasks.
Link: http://mksp2018.oa.uj.edu.pl/
“New Perspectives on Cosmic Magnetism”: Special Issue of the journal Galaxies
We invite you to submit manuscripts for a Special issue of Galaxies on “New Perspectives on Galactic
Magnetism”. 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, suggest to us that an overview of the current state of the field would be useful and timely. This
Special Issue aims to provide a platform to facilitate effective communication between observers, theorists
and simulators to advance our field in new directions. It will contain both critical reviews and current
research articles on new developments in all aspects of galactic magnetism. We particularly welcome
contributions on: The connection with other components of the interstellar medium, including cosmic rays;
the use of numerical simulations to help interpret observations; revisiting and addressing common
assumptions used in the field; new observational techniques and recent advances in numerical simulations.
The deadline for manuscript submission is January 31, 2019. For manuscript submission instructions,
please see http://www.mdpi.com/journal/galaxies/special_issues/GalacticMagnetism . Please contact guest
editors Sui Ann Mao (mao@mpifr-bonn.mpg.de) and Andrew Fletcher
(andrew.fletcher@newcastle.ac.uk) for any questions.
Recent publications
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•

Alves et al. (2018) A&A 611, L5

The Local Bubble: a magnetic veil to our Galaxy
http://adsabs.harvard.edu/abs/2018A%26A...611L...5A
•

Lenc et al. (2018) MNRAS 478, 2835

An all-sky survey of circular polarization at 200 MHz
http://adsabs.harvard.edu/abs/2018MNRAS.478.2835L
•

Neld et al. (2018) A&A, in press
Reliable detection and characterization of low-frequency polarized sources in the LOFAR M51 field
http://adsabs.harvard.edu/abs/2018arXiv180709240N

•

Thomson et al. (2018) MNRAS, in press

Ghost of a Shell: Magnetic Fields of Galactic Supershell GSH 006-15 +7
http://adsabs.harvard.edu/doi/10.1093/mnras/sty1865
•

Vazza et al. (2018) MNRAS, in press

Probing the origin of extragalactic magnetic fields with Fast Radio Bursts
http://adsabs.harvard.edu/abs/2018arXiv180511113V
•

Zanardo et al. (2018) ApJL 861, L9

Detection of Linear Polarization in the Radio Remnant of Supernova 1987A
http://adsabs.harvard.edu/abs/2018ApJ...861L...9Z

Report provided by Magnetism SWG

Pulsars
Main meetings/events from April 2018 to July 2018
Spring is a favourite time for meetings in the Northern Hemisphere and the members of the SKA Pulsar
Science Working Group (SKA-PSWG) have had a variety of opportunities to meet, share and discuss
results, train students, and make long-term plans during this period. Among those, we list the following:
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1) 22nd EPTA meeting
OPEN Norwich Building, Norwich, UK, April 18-20, 2018
The University of East Anglia in Norwich hosted the 22nd meeting of the members of the European Pulsar
Timing Array (EPTA), a large fraction of whom are also members of the SKA-PSWG. Progress reports on
the many ongoing projects, as well as the perspectives of the research on the way to SKA were discussed at
large.
2) IPTA Science Meeting 2018
The Hotel Albuquerque, Albuquerque, New Mexico, USA, June 18–22, 2018
The International Pulsar Timing Array (IPTA) is a worldwide collaboration, currently composed of three
regional consortia: EPTA in Europe, PPTA in Australia and NanoGRAV in North America. The primary aim is
to achieve the detection of gravitational waves (GWs) at very low frequencies - around few nanoHertz - by
exploiting regular timing observations of a large number of the most rapidly spinning pulsars. The annual
science conference organized by the IPTA took place in New Mexico during the third week of June. In
addition to many promising updates on the collaborative research in the field (including perspectives related
to the future of the field in the SKA era), there were long sessions devoted to discussing the inclusion of new
members and improving the cohesion of the IPTA organization.

Image: The official group picture of the 2018 IPTA Science Meeting in Albuquerque
3) Marcel Grossmann meeting XV
Università La Sapienza, Rome, Italy, July 01–07, 2018
A few hundred scientists (including significant representation by members of the SKA-PSWG) attended the
Fifteenth Marcel Grossmann Meeting, focused on Recent Developments in Theoretical and Experimental
General Relativity, Astrophysics and Relativistic Field Theories, which was hosted at "La Sapienza"
University in Rome during the first week of July. In the context of the various topics discussed during the six
days of the meeting, a special emphasis was given to some recent breakthroughs in which the contribution
of radio astronomy has been relevant and for which there will be even more exciting perspectives made
possible by the SKA. For instance the follow-ups of the GW170817 merger event and the new
unprecedented constraints on the Strong Equivalence Principle set by the radio pulsar timing of the triple
system. An evening public conference was organized specifically to report on the latter.
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Publications related to the PSWG from April 2018 to July 2018
Over the past four months, the members of the PSWG have published 57 papers in international refereed
journals, many reporting on research of direct relevance to the objectives of the PSWG, including the
following:
1. Arzoumanian et al., 2018, "The NANOGrav 11-year Data Set: High-precision Timing of 45
Millisecond Pulsars", The Astrophysical Journal Supplement Series, 235, 37
2. Arzoumanian et al., 2018, "The NANOGrav 11 Year Data Set: Pulsar-timing Constraints on the
Stochastic Gravitational-wave Background", The Astrophysical Journal, 859, 47
3. Cameron et al., 2018, "The High Time Resolution Universe Pulsar Survey - XIII. PSR J1757-1854,
the most accelerated binary pulsar", Monthly Notices of the Royal Astronomical Society, 475, L57
4. Freire & Ridolfi, 2018, "An algorithm for determining the rotation count of pulsars", Monthly Notices of
the Royal Astronomical Society, 476, 4794
5. Lynch et al., 2018, "The Green Bank North Celestial Cap Pulsar Survey. III. 45 New Pulsar Timing
Solutions", The Astrophysical Journal, 859, 93
6. Lam et al., 2018, "Optimal Frequency Ranges for Submicrosecond Precision Pulsar Timing", The
Astrophysical Journal, 861, 12
7. Stappers et al., 2018, "The prospects of pulsar timing with new-generation radio telescopes and the
Square Kilometre Array", Philosophical Transactions of the Royal Society of London Series A, 376,
20170293
8. Shaw, Stappers, & Weltevrede, 2018, "Resolving discrete pulsar spin-down states with current and
future instrumentation", Monthly Notices of the Royal Astronomical Society, 475, 5443
9. Kawash et al., 2018, "The Green Bank Northern Celestial Cap Pulsar Survey. II. The Discovery and
Timing of 10 Pulsars", The Astrophysical Journal, 857, 131
10. Camilo et al., 2018, "Revival of the Magnetar PSR J1622-4950: Observations with MeerKAT, Parkes,
XMM-Newton, Swift, Chandra, and NuSTAR", The Astrophysical Journal, 856, 180
11. Iorio, 2018, "Perspectives on Constraining a Cosmological Constant-Type Parameter with Pulsar
Timing in the Galactic Center", Universe, 4, 59
12. Tiburzi, 2018, "Pulsars Probe the Low-Frequency Gravitational Sky: Pulsar Timing Arrays Basics and
Recent Results", Publications of the Astronomical Society of Australia, 35, e013
13. Tan et al., 2018, "Ensemble candidate classification for the LOTAAS pulsar survey", Monthly Notices
of the Royal Astronomical Society, 474, 4571
14. Cadelano et al., 2018, "Discovery of Three New Millisecond Pulsars in Terzan 5", The Astrophysical
Journal, 855, 125
15. Perera et al., 2018, "Improving timing sensitivity in the microhertz frequency regime: limits from PSR
J1713+0747 on gravitational waves produced by supermassive black hole binaries", Monthly Notices
of the Royal Astronomical Society, 478, 218
16. Verbiest & Shaifullah, 2018, "Measurement uncertainty in pulsar timing array experiments", Classical
and Quantum Gravity, 35, 133001
17. Parent et al., 2018, "The Implementation of a Fast-folding Pipeline for Long-period Pulsar Searching
in the PALFA Survey", The Astrophysical Journal, 861, 44
18. Shao, Wex & Kramer, 2018, "Testing the Universality of Free Fall towards Dark Matter with Radio
Pulsars", Physical Review Letters, 120, 241104
19. Roshi et al., 2018, "Performance of a Highly Sensitive, 19-element, Dual-polarization, Cryogenic Lband Phased-array Feed on the Green Bank Telescope", The Astronomical Journal, 155, 202
20. Guo, Lee, & Caballero, 2018, "A dynamical approach in exploring the unknown mass in the Solar
system using pulsar timing arrays", Monthly Notices of the Royal Astronomical Society, 475, 3644
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Report provided by Pulsar SWG

Solar, Heliospheric & Ionospheric Physics
Topical collection of Solar Physics journal “Solar radiophysics from the chromosphere to near Earth”
completed and published
This volume contains 16 articles and provides a snapshot of the developments and challenges that were
discussed during the CESRA workshop (http://cesra.net).
The 2016 CESRA workshop (http://cesra2016.sciencesconf.org) had a special emphasis on the
complementarity of current and future space-based observations with ground-based radio observations. It
was the place to discuss the new exciting science opportunities that arise from radio instruments such as
the Atacama Large Millimeter/submillimeter Array (ALMA), the Expanded Owens Valley Solar Array
(EOVSA), the Expanded Very Large Array (EVLA), the Low Frequency array (LOFAR), the Mingantu
Spectral Radioheliograph (MUSER), and the developments of the Square Kilometre Array (SKA). The
workshop discussions have focused on particle acceleration and transport, the radio diagnostics of coronal
mass ejections, fine structures in solar radio bursts, and the radio aspects of space weather.
The collection of papers cover four sub-topics:
Solar Radio Emission Modelling
Solar Flares and Solar Energetic Particles
Fine Structures in Solar Radio Emission
Coronal Mass Ejections
The workshop received financial support from the University of Orléans, the Observatoire de Paris, and the
CNRS/INSU.
The topical collection Editors would like to thank the authors and the referees of the articles as well as the
Editors and staff of Solar Physics journal.
Additional info: Kontar, E.P. & Nindos, A., “Combined Radio and Space-Based Solar Observations: From
Techniques to New Results – Preface”, Solar Physics, 293:90 (2018). DOI: 10.1007/s11207-018-1309-2

Report provided by Solar, Helio & Iono SWG

High Energy Cosmic Particles
The High Energy Cosmic Particles Focus Group has assembled the first field prototype (pictured) for a
particle-detector system for the SKA. Compared to the previous benchtop prototype, this version is smaller,
cheaper, more robust and more portable. It is designed to withstand the harsh conditions of the Murchison
site of SKA-LOW, while maintaining a solid conductive seal to prevent radio interference from escaping the
enclosure. The internal systems are a developed version of those in the benchtop prototype.
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This field prototype was featured in a live public demonstration at the Bluedot festival, which engulfed
Jodrell Bank Observatory - home of the SKA headquarters - in three days of music, art and science for
three days over 20-22 July. As part of a panel discussion on multi-messenger astronomy, chaired by Prof.
Ben Stappers, an audience of several hundred learned about the SKA and saw the prototype detecting
cosmic rays in real time. Many thanks go to James and Rohini, who assisted with the demonstration.

Field prototype of the particle-detector system. The weatherproof enclosure was manufactured by Alma
Sheet Metals in Macclesfield, Cheshire. With internal systems installed, the prototype weighs around 40kg,
and can be carried by two people.

Report provided by High Energy Cosmic Particles SWG

JIVE/EVN/VLBI Report
Science frontiers for SKA-VLBI
During this period the Critical Design Reviews for the different elements of the SKA telescope to assess the
completeness, compliance and adequateness of the different designs have continued. Telescope Manager
and Signal and Data Transport elements have successfully passed their reviews, in particular good shape
with respect to the VLBI capability implementation.
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This report outlines examples of recent and fascinating scientific results that demonstrates the relevance
that the high-resolution VLBI component will have for the SKA telescope. In parallel, key technical advances,
such as a new direction dependent calibration scheme to correct for systematic errors at lower frequencies,
will contribute to the success of the SKA inclusion in the VLBI networks.
As part of the work package 10 “VLBI with the SKA” of the JUMPING JIVE project (“Joining up Users for
Maximizing the Profile, the Innovation and Necessary Globalization of JIVE”), a workshop to discuss Key
Science Projects that will be enabled by SKA-VLBI is being planned for fall 2019. Heads-up!
SHARP – V. Modelling gravitationally-lensed radio arcs imaged with global VLBI observations
Spingola et al. present one of the sharpest images of the gravitationally lensed radio source MG
J0751+2716 (at z = 3.2) obtained with global Very Long Baseline Interferometry (VLBI) at 1.65 GHz (Fig. 1).
Even fainter gravitationally lensed radio sources will be detected when the SKA telescope contributes to the
global arrays (SKA-VLBI). In this study the background object is highly resolved in the tangential and radial
directions, showing evidence of both compact and extended structure across several gravitational arcs. By
identifying compact sub-components in the multiple images, the mass distribution of the foreground z = 0.35
gravitational lens is constrained using analytic models for the main deﬂector and for the members of the
galaxy group, showing an inner mass-density slope steeper than isothermal for the main lensing galaxy.
Additionally, at the milli-arcsecond level, the assumption of a smooth mass distribution fails, requiring
additional structure in the model. However, given the environment of the lensing galaxy, it is not clear
whether this extra mass is in the form of sub-haloes within the lens or along the line of sight, or from a more
complex halo of the galaxy group.
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Figure 1. Global VLBI image of radio source MG J0751+2716 at 1.65 GHz obtained by using uniform
weights and multi-scale cleaning in wsclean. The European VLBI Network, the Very Long Baseline Array
and the Green Bank Telescope from NRAO were part of the experiment to form a global array of telescopes
(Spingola et al. 2018, MNRAS).
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 an embarrassingly 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, on scales comparable to or smaller than the array size and on short
timescales, become even more significant. 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 embarrassingly parallel) to the requirements of SKA-Low.
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Fig. 2 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.
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Fig. 2 e-f: Images of the same source before (Fig. 2-e, left) and after (Fig. 2-f, 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.
A tidal disruption event with a resolved radio jet in a galaxy merger
SKA-VLBI will allow the detection of a great number of tidal disruption events (TDEs), that are transient
flares produced when a star is ripped apart by the gravitational field of a supermassive black hole. In this
study the authors have observed a transient source in the western nucleus of the merging galaxy pair Arp
299 that radiated >1.5×1052 erg in the infrared and radio but was not luminous at optical or X-ray
wavelengths. They interpret this as a TDE with much of its emission re-radiated at infrared wavelengths by
dust. The radio observations resolved an expanding and decelerating jet, probing the jet formation and
evolution around a SMBH (Mattila et al. 2018, Science, DOI: 10.1126/science.aao4669).

Figure 3. The transient Arp 299-B AT1 and its host galaxy Arp 299. (A) A color-composite optical image from
the Hubble Space Telescope (HST), with high resolution near-infrared 2.2 μm images (insets B and C)
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showing the brightening of the B1 nucleus. (D) The evolution of the radio morphology as imaged with Very
Long Baseline Interferometry (VLBI) at 8.4 GHz in four epochs. The VLBI images are aligned with an
astrometric precision better than 50 μas.
Early science observations with the East Asia VLBI Network
The East Asia VLBI Network (EAVN, Fig. 4) is a collaborative effort in the East Asian region. It currently
consists of 21 telescopes with diverse equipment configurations and frequency setups, allowing flexible
subarrays for specific science projects (An et al. 2018, Nature Astronomy, 2, 118). The EAVN plays an
important role in fostering the fast-growing Asian VLBI community, offering easy access to the start-of-theart VLBI facilities, and strengthening the regional science and technique collaboration in radio astronomy.
The EAVN will also make significant contribution to the global VLBI network and the future SKA-VLBI, filling
the gap between the EVN and the VLBA in the northern hemisphere, and linking to the Australian VLBI
network. The first Call for Proposals was announced in April 2018 with official operations starting from
September 2018. The 11th East Asia VLBI Workshop 2018 will take place in PyeongChang, Korea, on 4-7
September 2018.

Figure 4. East Asia VLBI Network.
Recent and future meetings and workshops with relevance for the SKA-VLBI
European Week of Astronomy and Space Science 2018, Liverpool, April 4, 2018
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VLBI had a relevant presence in the latest edition of the EWASS in Liverpool. VLBI experts presented their
scientific results in different sessions devoted to Cosmology, Strong Gravity, Novae and Astrometry,
showing that VLBI is the only means of achieving sub-milliarcsecond scale angular resolution imaging in
astronomy. Particularly successful was the Special Session SS11 Exploring the Universe: a European
vision for the future of VLBI, where it was discussed the role of VLBI in the context of the challenges and
open questions of astrophysics in the next decade. For a grand finale, in Dr. Phil Diamond’s plenary talk a
special mention to VLBI and its contribution to the Square Kilometre Array was made. A dedicated SKAVLBI poster was presented in the Special Session SS11 summarizing the VLBI capabilities with the SKA
and the sharpest and deepest science that it will allow (Fig. 5).

Figure 5. SKA-VLBI poster presented at EWASS 2018 (Garcia-Miro et al. 2018).
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The 14th European VLBI Network Symposium and Users Meeting, Granada, October 8-11, 2018.
This biennial meeting is the main forum for discussion of the latest VLBI scientific results and technical and
technological developments within the EVN member countries. Apart from a wide range of science topics,
the meeting will also focus on the role of the EVN on:
•
•

Very high-sensitivity VLBI with the SKA
Future multi wavelength and multi messenger astronomy including high angular-resolution
astronomy at other wavelengths

Italy - South Africa Radio Astronomy Workshop “Enhancing the collaboration in radio-astronomy
between Italy and South Africa”, Pretoria, October 24-25, 2018.
Radio astronomy is a key area of investment in Italy and South Africa. The aim of the workshop is to further
strengthen and expand the existing successful collaborations between the two countries, whose main
purpose is to pave the way to the full exploitation of the Square Kilometre Array's breakthrough in both
countries.
The meeting will focus on three key areas:
•
•
•

SKA and Very Long Baseline Interferometry operations: African VLBI Network and Italian VLBI
Network, VLBI with MeerKAT.
SKA challenges: Big data and cloud computing; big data and data analytics; artificial intelligence for
astronomy.
The added value of industrial partnership - Joint human capital development initiatives in radio
astronomy.

Report provided by Cristina Miro Garcia
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The SKA Outreach World
ICRAR Report
The Sky at Night
The BBC’s The Sky at Night program is one the longest running TV shows in the world. It began in 1957 and
was presented by Patrick Moore—a famous astronomy TV personality—for 55 years until he died in 2012.
At the end of May, the program’s presenter, Professor Chris Lintott, and a small crew came to Western
Australia to record an entire episode in Perth and on site at the Murchison radio-astronomy Observatory
(MRO).
The visit was supported and coordinated by ICRAR, CSIRO Astronomy and Space and the Australian SKA
Office.
After shooting at a couple of locations in Perth, the crew were flown to the MRO with just 6 hours on site to
get everything they needed for the 30-minute program.
Despite a frantic shot schedule encompassing EDGES, ASKAP, the MWA and AAVS1/SKA-low, the filming
went extremely well and the episode aired in the UK on July 8th — it’s available for UK residents to watch
online via BBC’s iPlayer until the middle of August.
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The Aperture Array Verification System
Recently, ICRAR coordinated some filming on site at the Murchison Radio-astronomy Observatory (MRO) to
collect digital assets for filmmakers and future projects — just in time for the BBC and The Sky at Night —
and to produce a video to help communicate the Aperture Array Verification System (AAVS1).
The video features some great footage of the site, captured with drones and on the ground:
https://vimeo.com/icrar/aavs1

AAVS1 is being used to help test and finalise the design of the low frequency antennas for the Square
Kilometre Array (SKA-low). It was installed by an international team from Australia, Italy, Malta, the
Netherlands and the United Kingdom over many months and the work is part of a global effort by 12
international engineering consortia representing 500 engineers and scientists in 20 countries.
Astronomical Citizen Science
ICRAR has created several programs that allow everyday citizens to assist in the scientific process and
become involved in astronomical research.
‘Galaxy Explorer’ helped ICRAR’s astronomers classify and measure the spectra of more than 300,000
galaxies belonging to the Galaxy and Mass Assembly (GAMA) survey. Co-led by Dr Ivy Wong at ICRARUWA, ‘Radio Galaxy Zoo’ asks citizen scientists to analyse images of galaxies with radio jets. A little
different than the standard citizen science project, ‘theSkyNet’ used spare computing power during down
times to help ICRAR researchers process astronomy data.
Recently, these projects led the ICRAR OEC team to secure $350,000 of funding to develop a new citizen
science project called AstroQuest. Taking data from VISTA’s Kilo-degree Infrared Galaxy (VIKING) and the

SKAO eNewsletter August 2018
www.skatelescope.org

74

VST’s Kilo-Degree Survey (KiDs), AstroQuest will help analyse around 2 million galaxies and help train new
machine learning algorithms for the Wide Area Vista ExtraGalactic Survey (WAVES) catalogue.
Keep an eye on icrar.org for the launch announcement.

Left: Galaxy correctly identified by the algorithm. Right: Galaxy incorrectly shredded by the algorithm.
New Scopes for Remote Telescopes Schools Initiative
SPIRIT is a world class internet accessible telescope initiative for high school and undergraduate students in
Western Australia and beyond. The initiative launched in 2010 with a single telescope, expanding to two
telescopes in 2012.
In recent months, two more telescopes have added to the online observatory thanks to generous donations
by Perth-based business owners.
SPIRIT III and SPIRIT IV are located at a dark-sky site an hour North of Perth, adding much needed
capacity and capability to the program.
Through SPIRIT, schools are able to access the same tools used by researchers and astronomers to
observe and collect astronomical data. Students book and then remotely access and control the instruments
in ‘real time’ from their home or school computers using nothing more than a web browser.
SPIRIT is Australia’s only educational robotic telescope outreach initiative and a world leader in the growing
field of Robotic Telescopes in Student Research and Education.
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Report provided by ICRAR
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CSIRO Outreach Report
BBC TV at the Murchison Radio astronomy Observatory
In May, the BBC’s Chris Lintott travelled to the Murchison radio Astronomy Observatory (MRO) to film an
episode of the epic TV show The Sky at Night. It features SKA pathfinder telescopes ASKAP and MWA and
the US instrument EDGES, also hosted by CSIRO at the MRO. Chris explores how the establishment of this
radio-quiet observatory in the remote outback and all the infrastructure and precursor instruments, including
the prototype SKA-Low antennas, is paving the way for the Square Kilometre Array. View the show here
and skip over the first 20 seconds of test pattern. Enjoy!

Report provided by Annabelle Young

SARAO Outreach Report
SARAO/SKA SA celebrates Global Astronomy Month 2018
The South African Radio Astronomy Observatory (SARAO)/SKA SA participated in various science engagement
activities around South Africa in April in celebration of Global Astronomy Month 2018.
Global Astronomy Month is an international event coordinated by Astronomers Without Borders and aims to bring
people together to share a passion of astronomy and the wonders of the Universe.
SARAO/SKA SA content specialists supported the Department of Science Technology (DST) Astronomy Day held at
the Department in Pretoria, Gauteng Province on 17 April 2018. The event was hosted by the DST in order to create
ambassadors for astronomy, the SKA and MeerKAT amongst its staff and stakeholders. The SARAO/SKA SA
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Communications Unit introduced participants to the concepts of radio astronomy and space geodesy through hands-on
activities; while SARAO/SKA SA Head of Strategy and Business Processes, Dr Adrian Tiplady, outlined the
organisational structure of SARAO/SKA SA, the instruments of the facility and the science being done with these
instruments, and progress on the SKA.
The month of April also saw SARAO/SKA SA content specialists promote astronomy at other events such as the
Sindisa Dunga Career Expo and Eding International Science Festival.
Exploring astronomy and big data with SARAO/SKA SA
SARAO continues to participate in career expos around South Africa in order to introduce learners, educators and the
public to SARAO and SKA; the variety of careers available in radio/astronomy and big data; and SARAO bursaries and
graduate employment programmes.
SARAO/SKA SA content specialists and bursary holders engaged with learners through panel discussions, motivational
talks and interactive exhibitions at the Sindisa Dunga Career Expo held in Butterworth, East London, Mthatha and
Willowvale in the Eastern Cape Province from 23-26 April 2018, as well as the Mamelodi Career Awareness Day held
in Mamelodi, Gauteng Province on 26 May 2018.

SARAO staff interacting with learners at the Sindisa Dunga Career Expo
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Festivals allow SARAO/SKA SA to promote the public awareness, understanding and appreciation of astronomy, the
SKA and SARAO through a programme of unique, interactive events. SARAO/SKA SA participated in the Eding
International Science Festival held in Polokwane, Limpopo Province from 16-20 April 2018 and Zulfest held in
Richards Bay, KwaZulu-Natal Province from 22-26 May 2018, where content specialists presented interactive
exhibitions, motivational lectures, daily workshop sessions, and physics demonstrations in malls in these cities.
SARAO/SKA SA female bursary students and staff celebrated at 2018 Science and Technology
Budget Vote
The South African Radio Astronomy Observatory (SARAO)/SKA South Africa supported the Department of Science
and Technology’s 2018 Budget Vote activities by participating in a public exhibition at the Iziko South African
Museum, Cape Town, Western Cape Province on 9 May 2018.
The 2018 Science and Technology Budget Vote celebrated the theme Advancing the legacy of Mama Albertina Sisulu
through people-centred science and technology.
SARAO/SKA SA honoured Mama Sisulu’s contribution to the development of women as leaders in their fields by
profiling female bursary students and staff, including Carnarvon High School matriculant and third year BSc student,
Ms Janethon de Klerk, and Hydrogen Epoch Reionization Array (HERA) Project Engineer, Ms Kathryn Rosie. The
exhibition also introduced the public and VIPs to the instruments of SARAO and SKA through interactive models and
virtual reality, and told the success story of SARAO/SKA SA’s human capacity development programme by profiling
female bursary students, SARAO/SKA SA Young Professionals and staff.
SARAO/SKA SA also supported Minister of Science and Technology, Ms Mmamoloko Kubayi-Ngubane, and officials
from the Western Cape Education Department on their visit to the Centre of Science and Technology (COSAT) in
Khayelitsha, Cape Town on 8 May 2018.

Minister of Science and Technology, Ms Mmamoloko Kubayi-Ngubane, is provided a tour of the SARAO exhibition
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Content specialists provided learners with curriculum-aligned physical science resources; introduced learners to the
instruments of SARAO and SKA; demonstrated a radiometer and facilitated a virtual reality tour of the SKA site in the
Northen Cape Province; and engaged with learners about bursaries and careers in science.
SARAO profiles its capabilities and research in space geodesy
SARAO/SKA SA supported the Department of Environmental Affairs SA Agulhas II Open Day held in the Port of
Durban, Kwazulu-Natal Province from 8-9 June 2018. The SA Agulhas II is a South African icebreaker owned by the
Department, that carries out scientific research and delivers supplies to South African research stations in the Antarctic.

SARAO staff at the SA Agulhas II Open Day held in the Port of Durban
Visitors were afforded the opportunity to explore the SA Agulhas II and learn about the work done by the Department
of Environmental Affairs and its partners in ocean and coastal environments.
Content specialists from SARAO/SKA SA’s Hartebeesthoek Radio Astronomy Observatory (HartRAO) facilitated an
exhibition which provided visitors with information about geodesy research conducted by HartRAO on Gough Island
and Marion Island, as well as information about astronomy, HartRAO, MeerKAT, SKA, as well as SARAO bursary
and career opportunities.
SARAO/SKA SA hosts South Africa’s 2017 top matriculants
SARAO/SKA SA hosted South Africa’s 2017 top 20 matriculants in mathematics and physical science at the SKA site
in the Northern Cape Province on 25 June 2018 and the HartRAO site in the North West Province on 27 June 2018.
The visit formed part of a collaboration between SARAO/SKA SA, the South African Astronomical Observatory
(SAAO) and National Science and Technology Forum to host the students on a week-long national astronomy tour.
The students, now all first year students in science, technology and innovation-related fields, were selected by the
NSTF to participate in the organisation’s Brilliants Programme. Each student was the 2017 top-performing female or
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male matriculant in their province, based on their marks in mathematics and physical science in the most recent
National Senior Certificate (Grade 12) Examinations.

Students from the NSTF Brilliants programme at the SKA site in South Africa
The NSTF Brilliants visited other astronomy sites around South Africa, including the South African Astronomical
Observatory (SAAO), Iziko Planetarium, South African Large Telescope (SALT), Boyden Observatory and Naval Hill
Planetarium; as well as various scientific tourism sites en route from Cape Town to Johannesburg.
Report provided by SARAO
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UK Outreach Report
The UK initials the SKA Treaty
On 28th June, Dr Adam Baker from the Department for Business, Energy and Industrial Strategy, initialled
the SKA treaty on behalf of the UK, marking further progress in establishing the SKA Observatory.

UK SKA Science Community meeting
More than 55 scientists from across the UK attended a community meeting to update them on the progress
of the SKA project and discuss the challenges arising from the big data sets produced by astronomy
facilities. Organised by the UK SKA Science Committee, the meeting included an update from SKA Project
Scientist Dr Anna Bonaldi, on the recent Critical Design Reviews, the timeline towards science
commissioning and information on the upcoming SKA Data Challenges. These challenges will use both real
data from current radio telescope facilities as well as simulated SKA data, to enable astronomers to
familiarise themselves with the standard products the SKA will produce, whilst providing input to the
development of data reduction pipelines for the Science Data Processor and SKA Regional Centres.
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Reviews on the current status of current radio astronomy facilities the Low Frequency Array (LOFAR)
and MeerKAT, were followed by updates on two of the e-MERLIN legacy projects eMerge (the e-MERLIN
Galaxy Evolution Survey) and PEBBLES (Planet Earth Building-Blocks – a Legacy e-MERLIN Survey). The
meeting ended with a discussion on the future priorities for the UK in dealing with future big data sets.

The meeting also heard an update on the Aeneas project to establish a European Science Data Centre for
the SKA
Science X at Manchester’s Trafford Centre
Manchester’s Trafford Centre hosted its annual Science X event on 14/15 April. Scientists from the
University of Manchester held stalls throughout the iconic shopping centre showcasing everything from
astronomy to a soil safari. Staff and students from the Jodrell Bank Centre for Astrophysics and Jodrell
Bank Discovery Centre joined shoppers throughout the weekend to explain how astronomers study the
invisible Universe using infrared, radio and sub-millimetre telescopes. The SKA was featured as part of the
stand, with staff on-hand to engage with the public, some of whom had made the trip solely to take part in
the science activities.
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Bluedot festival at Jodrell Bank 2018
The award-winning bluedot festival returned to Jodrell Bank in July 2018 bringing an even more inspiring mix
of music, science, arts and culture. Over the festival weekend festival goers were treated to music from the
Chemical Brothers, the Flaming Lips and even a special performance of Blue Planet in concert with the
Hallé. Positioned beside the Contact Stage in the Star Field science garden, the SKA stand offered visitors
the chance to take part in some hands-on activities whilst learning about the SKA.

Festival Goers young and old tried their hand at engineering a radio telescope out of marshmallows and
spaghetti while others took a tour around the SKA sites and some of the world’s radio telescopes with the
help of a Bee-Bot programmable robot.
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Scientists and engineers from the University of Manchester and the SKA Organisation were on hand to
explain about the SKA project and engage with the public.
More than 16,000 people attended the festival over the course of the weekend, providing a fantastic
opportunity to raise awareness of the UK’s role in the SKA project and to engage with members of the public
who would not normally attend a science centre.
2nd URSI Atlantic Radio Science Meeting (AT-RASC 2018)
A number of staff and students from the UK Universities involved in designing the SKA have attended the
2nd URSI AT-RASC meeting in Gran Canaria. Scientists and engineers from the Universities of Cambridge,
Oxford and Manchester presented talks on a range of topics including aperture arrays for SKA and the SKA
pathfinder HERA, and particle detector systems. Further details of the scientific programme can be found on
the conference website www.atrasc.com.

Report provided by Hilary Kay, UK SKA Outreach Officer
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NZ Outreach Report
Excitement around the potential of SKA
New Zealand’s contribution to the world’s biggest science project last night received a top honour for
research and innovation.
The KiwiNet Research Commercialisation Awards is New Zealand’s premier event celebrating the
achievements of individuals, teams and organisations actively commercialising publicly funded research.
The Square Kilometre Array (SKA) is the world’s largest mega science project of the next decade. It will see
two very large radio telescope arrays built, one in South Africa and one in western Australia. The data that
these arrays will collect will help answer some of the world’s biggest science questions like, what are the
flow-on effects from the Big Bang? How do different galaxies evolve? And, is there extra-terrestrial life?
The SKA represents numerous firsts for New Zealand, being the world’s largest big data project, the largest
science project NZ has ever been able to participate in on a national scale, and likely NZ’s largest
involvement in an international ICT project.
In April, the government announced that it would be downgrading NZ’s membership in the project from a full
member to an associate.
Dr Andrew Ensor, a computer scientist in AUT’s School of Engineering, Computer and Mathematical
Sciences is also the lead for New Zealand’s involvement in the project.
He said the biggest flow on of the SKA for New Zealand isn’t even in space, but rather on the ground.
“The SKA is the biggest ICT project in the world, encompassing big data science, high-performance
computing and software engineering. Radio astronomy is thus not the major benefactor of New Zealand’s
SKA investment – it’s largely the ICT sector and ultimately, through its innovation, the wider economy:
expertise development, growth and jobs.”
He says last night’s win shows overwhelming support for the potential opportunity for New Zealand
scientists and engineers.
"The problem we now face with the government’s decision to downgrade New Zealand’s membership is
that we are unlikely to be able to lead any of the SKA’s future development. This means top scientists and
engineers will leave New Zealand and it will be very hard to attract others to replace them. Two of AUT’s
key scientists have already been approached and more approaches are sure to follow."
Dr Ensor is hoping that the Minister will reconsider New Zealand’s membership status before September
when it is finalised.

Report provided by Olivia Allison
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News From Observer Member Countries
News From France
Maison SKA-France joins SKA Organisation

Following approval by the Board of Directors of the SKA Organisation, July 26, 2018 saw the
announcement of Maison SKA-France, lead by CNRS, becoming the 12th member of the SKA
Organisation.
After the publication of the French SKA White Book in October 2017, the kick-off meeting of the new
research and industry consortium named “Maison SKA-France” (MSF) in February 2018 and the inscription
of the SKA as a project in the French Roadmap for Research Infrastructures in May 2018, this represents
another important milestone of the last 12 months for the French participation to the SKA project.
SKA-France / TANGO meeting
The software toolkit TANGO Controls, developed at European Synchrotron Radiation Facility (ESRF) in
collaboration with several other scientific institutions in Europe, has been selected as the control framework
for the SKA.
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In this context, on April 5, 2018, the TANGO consortium coordination and SKA-France organised a joint
meeting hosted by ESRF in Grenoble, to discuss the future TANGO-related activities and developments of
interest for the SKA and radio astronomical applications.
The meeting, started with an overview of both TANGO (by J.-M. Chaize, TANGO Consortium Coordinator)
and SKA-France (by C. Ferrari, MSF Director), included a presentation of the SKA Project Management by
N. Rees (SKAO Head of Computing and Software) and a detailed view of the SKA Control System by L.
Pivetta (SKAO Control System Software Specialist).
Participants from different research institutes (CNRS/INSU, IRAM, Synchrotron Soleil, Observatoire de
Paris, Observatoire de la Côte d’Azur, ESRF) and private companies (Thales Services, Nexeya France,
JYSE), already involved or interested in the SKA and/or TANGO, finally illustrated their current or potential
activities in the two projects. Possible ideas to develop further collaborations were discussed.
The meeting ended with an exciting visit of the ESRF infrastructures.
Meeting between SKA France and New Zealand SKA Alliance

Following the fruitful discussions between SKA-France and NZ SKA Alliance representatives during the
“New Zealand annual Computing for SKA” Colloquium, Andrew Ensor (Director of NZ SKA Alliance) and
Piers Harding (Senior Consultant, Catalyst IT) were invited by Maison SKA-France at CNRS Headquarters
in Paris on April 13, 2018.
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The main objective of the meeting was to mutually illustrate and discuss the current status of SKA
computing and further current activities related to the optimisation of innovative algorithms for SKA data
processing.
SKA-France meeting with Thales Services

On May 3, 2018, the Director of SKA-France and the French SKA ILO have been invited by Thales
Services to visit the company Headquarters in Toulouse (France). The aim of this first meeting was to
illustrate and exchange about mutual interests on the scientific and technological challenges of the SKA
project, with a particular focus on the full data chain (including acquisition, control, processing, storage,
transport, quality, maintenance).
The strong interest of Thales Services for the SKA project is also testified by the participation of the
company to the ASTRON Hackathon for SKA, organised on April 23 and 24, 2018 by the Dutch institute
ASTRON (Dwingeloo, NL).
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SKA-France meeting with CNIM group

After the strong interest expressed by the group CNIM to the SKA project and to SKA-France activities (see
SKA-France bulletin of last April), the SKA-France Director and the French SKA ILO met several
representatives of the group on May 15, 2018.
The meeting was organised to illustrate the expertise of the group in equipment manufacturing in details,
with possible SKA-related applications in the fields of dish production, cooling and energy provision.
A visit of two sites (CNIM in Toulon and Bertin Technologies in Aix-En-Provence) allowed to efficiently
illustrate the vast variety of applications of the group in different technological markets (environment,
energy, defence and high technology).
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SKA Day at LAM

An SKA Day was held at Laboratoire d’Astrophysique de Marseille (LAM) on May 16, 2018. The meeting,
was organised by LAM together with CNRS/INSU and SKA-France, and saw the support and participation
of competitiveness clusters OPTITEC, SCS and CapEnergies.
The meeting started with an overview of the SKA scientific, technological and organisational perspectives,
as well as with a presentation of Maison SKA-France, by the SKA-France Director, the French delegate at
SKAO meetings and the French SKA ILO. Speakers from both private companies and research laboratories
within the Marseille region illustrated their potential interest in the SKA project during the afternoon.
All the talks (slides and videos) are on-line at the meeting web page.
Face-to-Face meeting of the SKA StratCom in Paris
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The last face-to-face meeting of the SKA “Strategy And Business Development Committee” (StratCom) was
hosted by Paris Observatory on June 5 and 6, 2018, with local support of M. Pérault (Scientific Delegate at
CNRS/INSU and member of the Maison SKA-France Board).
CNIM: a new member of Maison SKA-France
After having expressed its strong support through a letter of interest sent to the SKA-France Director in April
2018, the company CNIM has recently joined the Maison SKA-France, following unanimous approval of
MSF Board Members on July 2nd, 2018.
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SKA at the SF2A meeting
Great attention was paid to the SKA project and its pathfinder and precursor telescopes during the annual
meeting of the French Society of Astronomy & Astrophysics (SF2A), which was held in Bordeaux from July
3 to July 6, 2018.
During the whole meeting, plenary session presentations were held in the mornings, while the afternoons
saw parallel sessions on specific topics and research domains. On the mornings of July 5 and July 6,
respectively, C. Ferrari (OCA) presented the MSF and the activities of the French community towards the
SKA project, while S. Corbel (AIM and Paris Observatory) and C. Tasse (Paris Observatory) illustrated the
important French implication in SKA pathfinder and precursor projects, with particular attention to the first
results of the LOFAR survey at 150 MHz.
In the afternoon of July 5, a workshop (“SKA, its French pathfinder NenuFAR and its precursors”) was
organised by the Action Spécifique SKA-LOFAR, which allowed to get an overview of the wide variety of
low-frequency radio astronomy related activities in France: from the development of new simulation and
data reduction methods, to the analysis and interpretation of both numerical and observational results,
without of course forgetting the technological developments and the conception of new instruments.

Report provided by Chiara Ferrari, Coordinator of SKA-France

News From Portugal
Ciencia 2018 and the Portuguese SKA WhiteBook
In July Ciencia 2018 had taken place, an annual science and technology summit in Portugal that was
promoted by the Portuguese government through the Minister of Science, Technology and Education Higher,
among others, and aimed to bring together different stakeholders related with science. South Africa was the
guest country of Ciência 2018.
SKA was present with a dedicated session, “SKA, exploring the Universe”, in which participated Mario Santos
and Paul Groot, as invited speakers on MeerKAT and MeerLICHT. On this occasion the Portuguese SKA
White Book (Sonia Antón) was also presented, the DOPPLER project (Valério Ribeiro), and multi-messenger
transient pipeline software developments (Jorge Almeida, Critical Software). This session was highlighted in
the frontpage of the newsletter of the Ciencia2018 event, an event that lasted for 3 day with thousands of
participants.
The Portuguese SKA Whitebook is a document that aims to bring together the views of those that have been
involved in the project, and the community that has no radio expertise but nevertheless is aware of the
potential that the SKA might have to their research. There are 25 contributions, from 60 authors and coauthors, from 15 national institutions and 3 national companies, which were divided in 4 big themes: Scientific
challenges (Cosmology and gravitational waves; Galaxy evolution: first galaxies, high-z radio sources; AGN
and star-formation content; HI dwarf galaxies; Neutron stars, pulsars and transients ; Exoplanets and the
cradle of life; Solar and space weather), Education and Dissemination (DOPPLER: Development of PALOP
Knowledge in Radio Astronomy), Big Data Computing (High performance computing, virtualisation, pipeline
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prototype) and Industry linkages (Synergies with space and earth observations, Big data synergies with smart
cities).

Report provided by Sonia Anton

News From Japan
NAOJ visiting SKA organisation Headquarters
Hideyuki Kobayashi and Takuya Akahori have stayed at the SKA Global Headquarters during 26-29 June,
2018. They exchanged opinions on the course of the Japanese participation in the SKA project with
executives including Phil Diamond (Director General of the SKAO). Based on the contribution items that
SKA-JP has considered, Hideyuki Kobayashi and Takuya Akahori gathered further information and
discussed how to progress Japanese contrition in the future. As a result, they found that Japan could make
a major contribution for high-frequency receivers, partial contribution for the VLBI backend, and human
contribution for the inspection and testing of instruments.
Journey towards the establishment of the NAOJ SKA Promotion office
Mizusawa VLBI observatory, one of the National Astronomical Observatory of Japan (NAOJ) projects, has
proposed a sub-project of the SKA Promotion office. However, the proposal was disapproved unfortunately.
The executive of NAOJ concluded that the SKA Japan consortium (SKA-JP) needed to further discuss how
Japan participates in the SKA project, before the establishment of the SKA Promotion office. It should be
noted that this decision does not deny Japanese participation in the SKA project.
According to the decision from the NAOJ executive, Mizusawa VLBI Observatory has newly established
“Section of Future Project, Mizusawa VLBI observatory" that mainly aims to discuss Japanese participation
in the SKA project. The persons in charge are Hideyuki Kobayashi as the section manager, Takuya Akahori
for scientific issues, and Yusuke Kono for technical issues. Besides, Mareki Honma (Director of Mizusawa
Observatory), Tomoya Hirota, Tomoaki Oyama, and Osamu Kameya concurrently joined the section. The
section carefully reviews the establishment of the SKA Promotion office in NAOJ, promotes the
communication between the members of SKA-JP and VLBI community, and keeps negotiating with Director
General of NAOJ.
Visiting the Shanghai Astronomical Observatory
On 14th May, 2018, Hideyuki Kobayashi and Takuya Akahori visited the Shanghai Astronomical
Observatory (SHAO). In the morning, they had a meeting with Xiangping Wu (Chief Scientist of SKA China,
NAOC / SHAO) and Tao An (Group leader of SHAO), and agreed to restarting the East Asia SKA Science
Conference. They also discussed the SKA Regional Center in China. In the afternoon, Biao Du (Chief
Engineer JLART, Chief expert CETC 54) gave the explanations about the SKA-mid prototype antenna.
VERA granted SKA pathfinder status
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The VERA (VLBI Exploration of Radio Astrometry) telescope installed at Mizusawa VLBI Observatory has
granted the SKA Pathfinder status on 3 July, 2018, based on the achievements of high frequency
observations, VLBI technology, and the long-term operation of the telescope. Please check the press
release below for details. (http://veraserver.mtk.nao.ac.jp/outline/vera7-e.html)
Master Plan 2020 of the Science Council of Japan
The executive of SKA-JP has prepared a Letter Of Intent (LOI) for Master Plan 2020 of the Science Council
of Japan (SCJ), and the Director General of NAOJ has submitted the LOI to the SCJ. In this time, the
subject of the LOI was decided to be "SKA Phase 1”.
This is a message emphasizing that the construction of SKA Phase 1 will start soon and Japanese
contribution to the SKA project is becoming clear.
International Workshop ”The Power of Faraday Tomography: towards 3D Mapping of Cosmic
Magnetic Field”
SKA-JP Cosmic Magnetic Field Group held an international workshop ”The Power of Faraday Tomography:
towards 3D Mapping of Cosmic Magnetic Field” at Miyazaki, from 28th May to 2nd June, 2018. This is the
first international meeting focusing on the Faraday Tomography, which is a new method to derive threedimensional structures of cosmic magnetic fields. In order to perform the Faraday Tomography analysis,
radio observational data with a wide frequency band and high sensitivity are required. Therefore, the
Faraday Tomography is expected to be the mainstream for studying comic magnetic fields in the SKA era.
61 participants including 9 invited speakers joined the workshop, and gave various talks regarding the
Faraday Tomography, such as methods of the analysis, theoretical researches using the Faraday
Tomography, and applications of the Faraday Tomography to actual observational data. Furthermore,
during the workshop, a user meeting of Galaxy Polarization Observation Team (POSSUM) of Australia SKA
Pathfinder was held. Additionally, tutorial sessions for the beginners of polarization data reductions and
Faraday Tomography were held. The conference proceeding will be published as a special issue of
Galaxies.
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MWA EoR Busy Week in Tokyo
At the Tokyo satellite office of Kumamoto University, SKA-JP Epoch of Reionization (EoR) Group organized
a meeting for the EoR group of the Murchison Widefield Array (MWA) project (so-called MWA EoR busy
week) from 16th to 19th April, 2018. Approximately 20 researchers from Japan, Australia, and the USA
participated in the meeting. Before discussions on Quality Assurance of MWA data, which is a main topic of
the meeting, all the participants reported the current status of their own studies. Furthermore, international
collaborations using MWA data were discussed in detail.
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Report provided by Kenji Hasegawa

News From Spain
Activities in Spain
Since the last eNews update in April, there has been several exciting news stories this time coming out of
Spain. The most important one is, of course, that Spain has become the eleventh member of the SKA
Organisation. The news was very welcome in Spain, with great media coverage and lots of congratulations
from different institutions and personalities. We also got some words from the new Minister of Science,
Innovation and Universities, the Spanish astronomer Pedro Duque, who said: “This is a strategic investment
for our country. The SKA Observatory will be one of the flagship international research infrastructures in
Europe in the coming years”.
We celebrated it at the Instituto de Astrofísica de Andalucía with the scientists, engineers and administration
staff.
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Photo: IAA staff celebrating the adhesion of Spain to the SKAO.
But also, we had the chance to get in contact with the SKA Office through Skype, where we got this
wonderful surprise:
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Photo: Members of the SKA Office. Left to right: Fiona Davenport, SKA Director-General Phil Diamond,
William Garnier, Mathieu Isidro, Cassandra Cavallaro, Juan de Dios Santander-Vela, Joe McMullin
Following this news, the Spanish astronomical community celebrated the incorporation of Spain to the SKA
during the XIII biannual Scientific meeting of the Spanish Astronomical Society (SEA) celebrated on 16th20th July in Salamanca. In particular, Lourdes Verdes-Montenegro was invited to give a talk named
“Adhesion of Spain to the SKA” during the Opening held at the historical Paraninfo (main auditorium) of the
University of Salamanca, which is the oldest university in the Hispanic world and one of the oldest
universities in the entire world still in operation. The SEA also published during that week a press release
celebrating the achievement.
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Credit: Photos taken during the session by different attendees
Some weeks later, the Instituto de Astrofísica de Andalucia (IAA-CSIC), which has been coordinating the
Spanish activities in the SKA since 2011, got the prestigious accreditation of Centre of Excellence Severo
Ochoa, an award from the Ministry of Science, Innovation and Universities, that acknowledges the Spanish
centres that carry out cutting-edge research and demonstrate scientific leadership and impact at global level.
This makes the IAA the second of these centres in Astronomy, joining the Instituto de Astrofísica de
Canarias (IAC).
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SKA has been a key part of the strategic plan submitted for this candidacy and we are looking forward to
starting this new era. Becoming a Centre of Excellence Severo Ochoa not only recognizes the research and
effort made by the IAA scientists and engineers during the past years, it also means an injection of energy
and enthusiasm to face the challenges of the coming years.
These three events aforementioned were widely covered by the media.
On other topics, national funds have been granted for a project coordinated by IAA-CSIC in collaboration
with the ICE (IEEC/CSIC) including funds for the participation in the PAF design consortium.
Among the talks related to SKA given during the past months, we summarise the following:
Lourdes Verdes-Montenegro gave a talk in March called “Overview of the HI SWG needs in the
context of SRCs” during the 2nd AENEAS All-hands meeting celebrated in Nice, France. In May, the VI
Meeting on Fundamental Cosmology was held in Granada, with 4 talks on SKA related topics (Jonathan
Pritchard, David Alonso, Álvaro de la Cruz-Dombriz and Lourdes Verdes-Montenegro (IAA-CSIC). Also on
the 11th of July and as part of the "SKA Our Galaxy: Face-to-Face Meeting" organised by the Science
Working Group “Our Galaxy”, Rainer Schödel and Antxón Alberdi, from IAA-CSIC, gave a talk remotely,
together with Grazia Umana (INAF), about the Key Science Project “The Galactic Centre”.
From the 10th to the 14th of July, the EuroScience Open Forum (ESOF) 2018 was held in Toulouse. As part
of it, there was a round table about the reproducibility of science, the use of metrics and the challenge that
SKA will represent in these regards. This session was proposed by Lourdes Verdes-Montenegro as a
response to the request of William Garnier from the SKA Office, who submitted and coordinated it. The
session was motivated in a talk presented by Lourdes and chaired by May Chiao (Springer Nature), and
counted with the participation of Carole Goble (University of Manchester), Jeff Dozier (University of
California), René Von Schomberg (European Commission, Research & Innovation Department), Antonio
Chrysostomou (SKA Organisation) and Sebastian Neubert (University of Heidelberg). The session was
called “Is the current measure of excellence perverting Science? A Data deluge is coming, it is time to act“.
The main outreach activities have been: the publication of an article in the June edition of the classical
Spanish magazine “Astronomía”, the first Spanish magazine (since 1985) fully dedicated to Astronomy
outreach, and a publication in the IAA magazine released this summer. In both cases, SKA was the cover of
the edition (see figures below). The Spanish National Radio included SKA in an interview as part of its
programme “A hombros de gigantes” (on the shoulders of giants).
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Credit: left, cover of the June edition of the Astronomía magazine. Right, cover of the IAA summer magazine
2018.

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