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Editorial from the Director-General
Dear Colleagues,
The last few months have seen several major SKA events. The first
was the 4th all-hands SKA Engineering Meeting in the first week of
October, hosted by our South African partners in a lovely venue in
Stellenbosch, near Cape Town. The meeting was attended by about
270 of the global design team from all corners of the Earth. The
meeting demonstrated, once again, the need for team work and the
immense value of such face-to-face discussions. Following feedback
from the previous meeting in Canada, there was less time spent on
plenary sessions and more of a focus on Consortia and interConsortia meetings along with specific workshops. This was wellreceived and good progress was made on all fronts. The 5th meeting
will take place in Rotterdam between 12-16 June, 2017; organisation
is already underway.
The second major event was the biennial SKA Science meeting, entitled ‘Science for the SKA generation’. This was
very kindly hosted by our Indian colleagues in another very pleasant venue in Goa, India, in early November.
Approximately 200 astronomers attended, many of them, by design, early-career researchers – the people for
whom SKA will loom prominently in their research lives. There was a whole range of presentations from across the
spectrum of SKA science; I particularly enjoyed the energy of the so-called “poster marathons’: 25 posters in 25
minutes, with each presenter having one slide and one minute to preview their poster. The meeting ended with a
two-day series of workshops on continuing preparations for SKA Key Science Projects. The plan in 2017 is to
organise a number of topic-oriented workshops jointly with some of the design consortia in order to explore and
cement the science-engineering interface.
The SKA Board met at SKA HQ on 24-25 November 2016. The ‘Notes from the Chair’, which provide an overall
summary of the meeting, can be found here. As you will see, a key outcome from the Board is a requirement to
undertake a serious review of cost reduction options. This will look at a wide-range of options, including possible
use of pre-cursor technology where warranted. A preliminary report on the review will be presented to the Board
at its next meeting in March, 2017.
In the last eNews I reported that planning permission for the extension of the SKA HQ had been granted. I’m
pleased to report that the design is now well-advanced and we should see construction work beginning early in
2017, with completion scheduled for the northern spring of 2018.
I hope you enjoy this edition of the SKA eNews.
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Reports from the Consortia
Central Signal Processor
Overview
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. (MDA) 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, pulsar survey 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 August the CSP team has completed another round of costing and participated in
the Engineering Meeting in Stellenbosch, which included a CSP Consortium day of meetings (Figure 1). The team has
been updating the ICDs and progressing the requirements to support the System PDR and to pave the way to CDR.

Figure 1. The CSP Team and SKAO at Stellenbosch, 6 Oct 2016.
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The sub-element design teams have continued to progress with detailed design and prototyping focussing on the
most promising architectures and technologies. There has also been much activity on the system engineering side
(requirements, ICDs, modeling, processes, standards, ILS/RAMs) with contributions from New Zealand Alliance, STFC,
CSIRO, ASTRON, Oxford, AUT, University of Manchester, NRC, Swinburne, and MDA. There are still challenges in
finalising the Level 1, 2, and 3 requirements that are required for the efficient progression to CDR.
Key Sub-element Design Development
Local Monitoring and Control (LMC)
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), returning status rolled-up from the various
processing sub-elements, and configuring and sequencing the sub-elements. This sub-element is being led by NRC
with assistance from NCRA and INAF. The CSP LMC team is actively supporting SKAO-led initiatives to define SKA
standards and guidelines for implementation of the monitor and control system and the SKA software engineering
process. The CSP LMC team is leading the effort on the definition of states, modes, commands and configuration and
contributing to the definition of the design patterns for generation and handling of logs and alarms. Significant
progress has been made on the definition of interfaces. The INAF team is developing a prototype based on the current
version of the SKA Control Systems Guidelines.
LOW Correlator and Beamformer (Low.CBF)
In early September a majority of the team travelled to Hong Kong for what was called the System Refresh Meeting the aim of this meeting was to refresh the team on the latest thinking across all areas of the project (technical,
management and system engineering). The meeting was well attended by all collaborators with 19 in total from
CSIRO, ASTRON, AUT and the SKAO. The team celebrated its first year together as a team and the progress made to
date with a cake (Figure 2). There was more to the meeting than cake – there was also a shirt (Figure 3)! The team
endured almost 40 hours of presentations during the week on all aspects of the system which generated much
discussion and progress. A second revision of the Gemini hardware was also presented which makes the transition of
locating FPGA boards in a 1U chassis to a 4U card/subrack system. This improves many operational aspects of the
system.
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Figure 2. The Low.CBF “Perentie” team celebrates their first birthday at the System Refresh meeting held in
Hong Kong.

Figure 3. Perentie team members explore the many local markets in Hong Kong.
Five Low.CBF team members also attended the SKA Engineering Meeting in South Africa – which allowed much
progress to be made in the area of interfaces between elements (Infrastructure, Pulsar Search/Timing, SDP and LMC).
The thought of building a common hardware platform for CSP Low and Mid correlator beamformers was also
discussed and explored in depth for a month after the meeting. Unfortunately each instrument has many different
optimisation goals which resulted in a less optimal solution (risk, power and cost) for Low.CBF. Much was learnt from
this and made a clearer path for the sub-elements to follow. One of the common parts was the adoption of High
Bandwidth Memory (HBM) as a replacement to Hybrid Memory Cube (HMC) memory on the first Gemini hardware.
This change in memory technology enables a lower power solution and reduces the effort to implement memory
interfaces.
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During the past four months the Low.CBF sub-element has made many advances in software, hardware, system
engineering and planning. Although even with the progress it has been a difficult few months as there have been
many requirement updates and major design changes. We feel that the design is getting better with each iteration
and it is converging on a solution. All this needs to be captured in our documentation now. A pre-CDR meeting has
been organised for December 7-14th 2016 in Canada – this meeting is preparing the team for pre-CDR submission in
March 2017. The location is near the Dominion Radio Astrophysical Observatory (DRAO) which will enable several
important face-to-face discussions (LMC, hardware, system engineering) with our Canadian colleagues working on
Mid.CBF. The next four months will be very exciting and the team is looking forward to putting together a solid preCDR submission.
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, UPM Spain, and Selex ES (now Leonardo). Six members of the Mid.CBF team travelled to the 2016 SKA
Engineering Meeting in Stellenbosch. Progress was made on finalising ICDs with other elements and many ideas were
discussed within the larger CSP team. The Mid.CBF team left with new ideas that have been incorporated in the
system design and with a clear path towards sub-element and element CDRs.
The Mid.CBF team has gone through a design optimisation process to decrease complexity, risk, power, and cost. As
noted above, this involved working closely with the Low.CBF team for a period of time. The result is a design with
fewer custom hardware modules and Line Replaceable Units (LRUs), with the previous motherboard/mezzanine/IO
boards replaced with a single board design (Figure 4.). The Mid.CBF team held a workshop in November at DRAO to
review the latest design and plan the way forward.

Figure 4. Mid.CBF TALON LRU board layout showing major component placement, power consumption, and
interface with the backplane.
The Mid.CBF system will be based on two processing LRUs; the TALON-MX and TALON-SX. The TALON-MX is based on
a Stratix 10 FPGA containing 16GB of High Bandwidth Memory (HBM) and the TALON-SX is based on a Stratix 10 FPGA
without HBM, but with more signal processing resources. The two LRUs will be identical except for the
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FPGA. Hardware design is underway for the TALON-SX LRU and design of the TALON-MX LRU will begin in early
2017. The TALON-MX/SX LRUs are blades that will fit vertically in a 4U sub-rack, with each sub-rack containing 12
LRUs. A backplane in the sub-rack will provide power, liquid cooling (Figure 5.) and optical connections.

Figure 5. Mid.CBF TALON LRU thermal finite element analysis. The FPGA in the middle releases the most heat.
The Mid.CBF team has also progressed the software architecture for monitor and control. Mid.CBF will make use of
the quad-core ARM A53 processor systems included on each Stratix 10 FPGA. This approach will allow TANGO and
Linux to be running directly on each FPGA and will greatly simplify monitor and control software. The Mid.CBF team
has purchased two Arria 10 SoC development kits in order to develop and prototype the use of the embedded ARM
processors. These activities will allow the Mid.CBF team to test the monitor and control infrastructure in parallel with
Stratix 10 based hardware development.
Other activities underway include:




Studies on the use of non-water liquid cooling approaches within the screened KAPB.
The Mid.CBF FPGA design, sizing and prototyping of the highest risk IP blocks.
Models are also being developed to confirm the algorithms and predicted performance.

The next year will be exciting and challenging as the team prepares a detailed and comprehensive CDR submission.
Pulsar Search Engine (PSS)
The Pulsar Search Engine is a large sub-element of the CSP to search for pulsars and fast transients that will have
almost identical instances for both SKA-mid and SKA-low. The design 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.
As part of our ongoing prototyping effort the PSS team conducted tests to study the energy consumption pattern on
the first protoNIP server located in Cape Town. A team (Gumede et al) from SKA South Africa supported this activity
by providing and configuring the energy-meter. The energy-meter was configured to capture voltage and current
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readings from the dual power supplies of the server. While activating GPU and FPGA accelerators and network-stackcpu in the server with representative programs, fine time resolution recordings were made in the energy meter.
During the study we have also gathered energy consumption patterns corresponding to the power-on/off cycles in
the server. The measurements obtained provide useful feedback to cross verify any theoretical estimates.
To verify the proposed software architecture for the PSS of SKA1, a complete version of the time domain acceleration
search (TDAS) software module was implemented in the Cheetah/Panda framework. Here, we have used the Thrust
parallel algorithms library to quickly prototype and deploy a GPU-based processing pipeline, capable of searching
timeseries for accelerated pulsar signals. In brief, such a search consists of resampling a timeseries to a range of
accelerations each of which is subsequently fast Fourier transformed. The resultant fluctuation spectra are then
harmonically summed (a process in which we try to recover power that is distributed throughout a given signal’s
harmonics) and statistically significant signals are recorded for further investigation. This prototyping exercise has
allowed us to test the Cheetah/Panda framework in real-world conditions on real-world data, an invaluable step
towards verifying the PSS design.
As part of this process a version of the SIFT module has been completed and implemented in the Cheetah processing
pipeline. The SIFT module groups harmonically related signals from pulsar candidates detected during pulsar search
operations. By grouping related signals, only unique detections are kept, which greatly reduces the total number of
candidates that will be sent on for further processing and science analysis. Unit and functional tests of the Cheetah
module have been run and passed successfully. The inclusion of SIFT in Cheetah is one of the final steps in the
implementation of a prototype end-to-end Cheetah pulsar search pipeline.
Pulsar Timing Engine (PST)
The Pulsar Timing Sub-element will perform high-fidelity, high-precision timing observations of known pulsars for
both SKA-low and SKA-mid. The primary computational task performed by this instrument is phase-coherent
dispersion removal, which requires performing many large Fast Fourier Transform (FFT) operations in real time. The
PST Sub-element design is based on COTS hardware with GPU accelerators, and an early version of this solution is
currently being commissioned at the MeerKAT telescope. Since our last update in August, we have been working
closely with the CBF design teams at CSIRO and NRC to complete the Interface Control Documents (ICDs) that define
the interaction between the Low and Mid beam formers and the PST. In collaboration with NVIDIA, we started
benchmarking our prototype software on an IBM platform that hosts 4 Pascal P100 GPUs. Preliminary results indicate
that our design will meet all functional requirements. We have also continued our detailed analysis of the proposed
inversion of polyphase filterbank output using high-resolution FFTs; this technique will reduce cost and enable the PST
to recover time resolution following frequency-domain beamforming. Our research effort on this front will be
reported and submitted to a refereed journal in 2017.
Path to CDR
Overall, the CSP Consortium has made good progress since August. The focus is to “freeze” the requirements and ICDs
to support efficient progression to CDR. There is lots of work to do to get to CDR but the team is up to the challenge.

Report provided by the CSP consortium
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Infrastructure Australia

Using the recently revised configuration of SKA1-low, INAU
submitted cost updates (Capex and Opex) to the SKAO in early
September 2016, along with ideas for possible savings in
capital costs. The subsequent costings review went very well.
One potential capital costs reduction option under consideration by INAU (instead of running power out from a
centralised power station) is to use small remote power stations, probably solar-battery, possibly with a small
proportion of diesel backup, to power some outermost antenna stations and remote processing facilities. It is
hoped that a cost saving can eventually be realised and the viability of this option will be come clearer as the
detailed design process matures.
INAU has agreed with LFAA a scope for the trench that will carry tens of thousands of fibres coming from the core
of the SKA1-low telescope to the Central Processing Facility. This trench will carry approximately 250 optic fibres
cables (possibly as well as power, though this may be managed separately due to HSE issues). As a result, the
“trench” is expected to be large and also to have some specialised design requirements to address safety of access
and the logics of getting the fibres from the field into the building while allowing for future maintenance. The
specifics of the design are currently under consideration and will be further defined as the final scope matures.
In early November INAU met with the Western Australian Office of the Environmental Protection Authority to
provide a briefing on the scope of SKA1-low in Australia and to discuss the type of environmental studies and
approvals that may be needed to allow construction to commence.
Also in November, INAU Lead Antony Schinckel and Senior Engineer Graham Allen escorted a group of six Aurecon
infrastructure engineers to the proposed site of the core of the SKA1-low telescope at the Murchison Radioastronomy Observatory (MRO) in Western Australia. This group is responsible for the detailed design of SKA
infrastructure in Australia. Some were involved in the design of the MRO control building and power distribution
system, so it was useful for them to review the facilities after around five years’ continuous use. The group spent
some time looking at technical details within the existing MRO control building, as well as roads and access tracks,
antenna foundations, the airstrip and the power station.
Late November INAU and LFAA held a two-day workshop in Melbourne to progress matters of mutual interest such
as power and fibre distribution design, prepared ground for the antennas, RFI requirements, the requirements for
racks in the central and the remote processing facilities and cost saving ideas.
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Infrastructure engineers from Aurecon join INAU consortium Lead Antony Schinckel at the proposed site of the
core of SKA1‐low. Left to right: Angus Leitch, Matt Burley, Shandip Abeywickrema, Rebecca Greenaway, Antony
Schinckel, James Massoud and Mark Davie. Photo by Graham Allen, CSIRO.

Report provided by the Infrastructure Australia consortium

Infrastructure South Africa
Overview
The INFRA SA Consortium is responsible for the design of the
Infrastructure & Power Products for SKA1-mid in South
Africa. This includes Access (roads, civil works), Buildings,
Communication, Site Monitoring, Security, Antenna
Foundations, Vehicles, Power, Water and Sanitation.
There has been good progress by the Consortium in conjunction
with other Consortia in an effort to to finalise the external Interface Control Documents (ICDs) in preparation for
System PDR.
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The Consortium has largely focussed on developing the Level 3 requirements for the SKA1-mid infrastructure and
power products. The majority of the Level 3 requirements have now been completed and released for detailed
design purposes.
Power
The Consortium has undertaken a series of power measurements of the MeerKAT radio telescope in an effort to
validate the MeerKAT power consumption as an input into the SKAO power budget. A report will be submitted to
the SKAO in preparation for the next release of the SKAO power budget.
The Consortium is currently undertaking a trade-off study to investigate alternative technical solutions for the
provision of power to some of the antennas in the spiral arms together with the associated costs of these
renewable power alternatives. RFI measurements will be undertaken on a demonstrator which will be set up in
Pretoria, South Africa in December 2016.
SKA1-mid ANTENNA FOUNDATION PROTOTYPE
A review of the steel bolt cage design was held on the 31st October 2016 and all observations have been addressed
by the design team. Based on the ICD being agreed with Dish consortium manufacture of the steel bolt cage will be
able to proceed and other long-lead items can be ordered..
A detailed design review of the antenna foundation prototype (Figure 1) took place on the 29th November 2016. A
further review is being arranged specifically to address construction related documentation and also several
changes required by the first review.
The prototype is scheduled for construction in Q1 2017. This will be preceded by the construction of the access
road, the platform and installation of services sleeves.

Figure 1: 3D Model of SKA1-mid Antenna Foundation Prototype
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UPGRADE TO CENTRAL PROCESSING AND POWER FACILITY
The tender documentation to appoint a design engineering team to assist the Consortium with the detailed design
of the upgrade the Central Processing Facility and Power Facility has been completed and advertised. A
compulsory tender briefing will be held on site on the 14th December 2016. This tender is expected to be awarded
in April 2017 with the detailed design being concluded in October 2017.
SKA1-mid PHYSICAL CONFIGURATION
Following inputs from the Strategic Environmental Specialist studies and floodline analysis undertaken on the SKA
site in South Africa, a number of antenna positions have been moved out of environmental NO GO areas. SKA SA
has updated the configuration which has been reviewed with and accepted by the SKAO. These changes will be
formalised through the ECP process.
SITE CHARACTERISATION STUDIES
Further access has been obtained on privately-owned land to undertake further geotechnical drilling as an input
into the antenna foundation design. Drilling will re-commence at the beginning of 2017. The floodline analysis
report will also be updated based on the revised SKA1-mid physical configuration.
COST PLAN UPDATES
The Consortium submitted cost-reduction options as requested by the SKAO for the reduction of the spiral arm
baselines and the reduction in the number of antennas (reduction of antenna foundations) on the 31st October
2016. The Consortium is currently arranging an independent review of the SKA1-mid infrastructure and power
costs in preparation for the February 2017 cost plan submission..

Report provided by the Infrastructure South Africa consortium

Low-Frequency Aperture Array
The LFAA Consortium had a productive period with successful
milestone achievements and a good ramping up to the
production of the Aperture Array Verification System (AAVS1),
a 400-antenna 4-station system, which will be the ultimate
LFAA test platform.
An extensive study on the capabilities of Radio over Fibre
(RFoF) has been completed with the conclusion that a range of
up to 70km will be possible, which creates the option of an
SKA1-low realisation where all the antenna signals (even in remote stations) are connected to one central
processing facility. In another significant advance, a new fully detailed LFAA deployment plan and detailed
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knowledge of AAVS1 production cost formed the basis of a complete update of the LFAA capital expense costs, in
effect moving from engineering estimates to industry-based costing and giving much higher confidence in the final
figures.
The LFAA Consortium facilitated a visit on November 1 of the Dutch King Willem Alexander and Queen Maxima to
Curtin University in Perth, Western Australia, displaying an SKA-low mini-station of 16 antennas and associated
electronics. Prof. Peter Hall had the honor to outline to Their Majesties the importance of the long standing radio
astronomy science and engineering ties between the Netherlands and Australia, in the 400th anniversary year of
the Dutch landing in Western Australia. The Dutch royal family has historically showed great interest in radio
astronomy and both the King and Queen showed a keen understanding of the SKA project and the need for
extreme radio quietness at the site of SKA-low. A much appreciated side theme on the day involved a youth novel
set around the Dwingeloo telescope and featuring former Queen Juliana (the novel was originally commissioned by
ASTRON as “het logboek” in 2014). The English translation (ICRAR, “The Journal”, 2016) was presented to the royal
couple as a gift for the Dutch princesses.

A visit by Dutch Royalty; Their Majesties view LFAA antennas at Curtin University, November 1, 2016. The
King and Queen are accompanied by Dr Michiel van Haarlem (left) and Prof. Peter Hall.
LFAA Antenna Progress: a new Antenna Design
SKALA-2 has been extensively tested both in Europe and in Australia over the last few months (see figure 2 below).
Furthermore we have now realised the design of SKALA-3 to improve the passband smoothness (see figures
below). The changes on the antenna are a modified input matching network of the LNA and a slightly larger bottom
dipole to improve the matching at low frequencies.
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SKALA-2 deployed at the MRAO, Cambridge and beam pattern measurements performed with the drone
system in Turin, Italy showing a good agreement between measurements and simulations.

The SKALA-3 element designed by the Cambridge team has a modified input matching network of the LNA
and a larger bottom dipole to enhanced the matching at sub 65 MHz frequencies.
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SKALA-3 passband residuals after a low order polynomial fitting (order 3) as described by Trott in
arXiv:1604.03273. Paper in preparation by de Lera Acedo et al. Consortium science and engineering
personnel have worked closely with the SKAO and wider science community to develop meaningful
specifications and metrics for passband smoothness in the context of SKA-low EoR science.

SKA1-low A/T using SKALA3 elements and SKALA2 elements across the EoR band. The A/T has also become
flatter with SKALA-3. Paper in preparation by de Lera Acedo et al.
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Drone Antenna Calibration
A second campaign of beam pattern measurements and array calibration has taken place at Lord’s Bridge,
Cambridge this September. The British and Italian teams performed different pattern measurements of the near
field and far field complex beams of the Pre-AAVS1 array (16 SKALA-2 antennas pseudo-randomly distributed over
a diameter of approximately 8 metres). The array data was captured using the Tile Processor Modules designed for
AAVS1. The data is now being post-processed and will soon be reported.

Drone flying over Pre-AAVS1

Measured beam at 175 MHz.
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Satellite beam measurements of Pre-AAVS1
We have developed a beam measurement system using predicted satellite passes at spot frequencies across the
SKA-low frequency band as a way to evaluate our full electromagnetic beam models based on the HARP code. This
code is being developed in collaboration between the University of Cambridge and the Université Catholique de
Louvain, Belgium, and it is capable of fast and accurate simulations of SKA-low station beams. At the center of the
figure below we can see the comparison of the beam measured using a satellite and our prediction for the PreAAVS1 array in Cambridge.

Satellite beam measurement of Pre-AAVS1 at Cambridge, UK
Calibration Results with AAVS0.5 and MWA
The Murchison Widefield Array ('MWA', an SKA-low precursor telescope) hosted a 16-antenna prototype system
from 2013-2016 which was fully integrated with the MWA. The prototype system, called "AAVS0.5", was a small
array of 16 SKALA antennas pseudo-randomly distributed over a diameter of approximately 8 metres. By
integrating AAVS0.5 with the MWA, the full sensitivity of the MWA could be used to perform antenna metrology on
the AAVS0.5 array, verifying the sensitivity and simulated array beam patterns using astronomical sources, and
laying the groundwork for an extensible metrology program for AAVS1 and SKA-low.
The results of the characterisation were published as "Characterisation of a Low-Frequency Radio Astronomy
Prototype Array in Western Australia" by Sutinjo et al, 2015. ADS Link.
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From Sutinjo et al, 2015. The figure shows measured beam response of AAVS0.5 (blue dots) compared to
theoretical models (lines). The overall agreement is excellent, providing confidence in the antenna
modelling.

In more recent work, the combination of AAVS0.5 and MWA has been used to test models of calibration systems
for heterogeneous aperture arrays. Because the MWA and AAVS0.5 antenna elements are different (bow-tie
dipoles vs log-periodic SKALA antennas) the phase centre of the aperture array differs between the MWA and
AAVS0.5 as a function of frequency. Work is in progress to show that this difference can be corrected for through apriori knowledge of the SKALA response patterns, and therefore that heterogeneous arrays can be used just as
effectively as homogeneous arrays. This result is important for the impending commissioning of AAVS1 (see below),
which will also be integrated with MWA.
The Aperture Array Verification System, AAVS1
The realisation of a full size SKA1-low verification system: the Aperture Array Verification System 1 (AAVS1) is well
on its way. Hardware production within Europe is ongoing, as well as software and firmware development. All
items are tested and verified at the pre-AAVS1 array at Lords’ Bridge, Cambridge, before being sent to Australia for
deployment at the waiting MRO infrastructure. AAVS1 is a comprehensive, end-to-end, prototype demonstrating a
wide variety of LFAA and, by virtue of its MWA integration, SKA-low implementation aspects.
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The AAVS1 hardware production is at full speed. After factory testing, integration of subsystems has to be done,
within the work packages, as well as between work packages. Internal interface control documents are crucial and
many challenges are ahead of us. Figure 10 shows an overview of AAVS1.

AAVS1 block diagram.

The SKALA2 antennas have been shipped from University of Cambridge (UCAM) to the International Centre for
Radio Astronomy and Research (ICRAR), arriving in Australia in late November. A pyramid‐placeholder has been
designed and shipped to ICRAR as well, enabling the MRO‐crew to deploy the antennas without having functional
pyramids available yet.
All low noise amplifiers (LNAs) have been ordered by UCAM and will be factory tested, after which they will
become available towards the start of the first batch of pyramids to be integrated.

A truckload of SKALA2 antennas, ready for transport to Australia.
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After testing the pyramids at UCAM, they will be shipped to ICRAR.
The first 40 FrontEnd (FE) modules have been produced and tested by Instituto Nazionale di Astrofisica (INAF). The
remaining FE‐modules (and PRE‐ADUs) will be produced in two batches.
The first batch (240 pcs.) will be produced during the upcoming weeks. After fully testing the FE, the hybrid cable
will be connected and the modules will be sent to UCAM to be integrated with the LNAs. The first batch, together
with the early 40 FE modules will enable us to create the AAVS1 full‐station.
The second batch of FE‐modules will arrive at INAF, January 2017, of which we will realise the three auxiliary
stations.
The Analog to Digital Units (ADUs) are produced in two locations, Italy and The Netherlands. The first production
run in Italy has finished, resulting in 33 factory-tested boards, of which 2 boards need some rework. The second
production run in The Netherlands will be produced early January 2017, resulting in another 12 ADUs.

Figure 12: Analog to Digital Units (ADU) ready for in depth lab-testing.
After factory testing, the boards will be lab tested (full RF and digital) at INAF Medicina, after which they will be
integrated with the PRE‐ADUs, creating Tile Processing Modules (TPMs). The TPMs will be put into 7 subracks, each
holding 4 TPMs. The subracks will be assembled and tested at INAF, with the help of Oxford and Malta staff.
One of the subracks will be used for the European EMC‐prescan, either at ASTRON or at Bologna University.
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With the establishment of AAVS1 at the MRO, the Consortium will begin a range of verification testing using the
instrument in both stand-alone and MWA-integrated modes. These “on-site on-sky” measurements using
functional, astronomically-capable interferometers are an essential part of the path to SKA-low and are,
deservedly, a highlight of the SKA project.
AAVS1 Infrastructure Advances
Recent work in Perth and on the site has been focused on deploying, commissioning and characterising the
infrastructure required to support the AAVS1. As well as being necessary enablers of AAVS1, these activities are
important in their own right. They provide invaluable insight into the construction and deployment considerations
that will be applicable to the deployment of the LFAA and SKA-low. Assumptions about the sequence and timing of
the myriad processes and procedures involved in installing, connecting and testing the LFAA can be tested and
refined or rejected. The limits of practicality can be explored, and lessons learned injected back into requirements,
budgets and designs.
The work is being executed by ICRAR-Curtin, its Consortium partners and a range of Perth and Geraldton based
manufacturing, services and logistics and handling companies. Capturing the feedback from the various contractors
engaged in the process is a focus of the ICRAR-Curtin group. This feedback ensures that the estimates and plans
developed for LFAA, construction and deployment in particular, are informed by relevant commercial
considerations and expertise.

Figure 13: Locating and installing the AAVS1 antenna bases
Figure 13 shows the location of the antenna base positions using commercial Differential Global Positions System
and laser based surveying equipment. With so many antennas to deploy, every second counts and, with a
sufficiently dense reference network in place, this system enables antenna positions to be located with the
precision required relatively quickly.
Once the locations have been marked, the bases are handled into position. At LFAA scale, plant and equipment
such as mobile cranes and ground handling apparatus will reduce the manual component of this procedure.

Figure 14: Positioning and installing the AAVS1 ‘Antenna Power Interface Units’ (APIU)
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Figure 14 shows the positioning and population of an AAVS1 Antenna Power Interface Unit (APIU). The APIU is a
weatherproof enclosure housing ‘Fibre-Optic Breakout modules’ (FOBOTs) and power supplies configured as
standard ‘rack units’. Functionally, the APIU is the fibre aggregation and power distribution node for an AAVS (and
LFAA) station.
The AAVS1 APIUs feature novel, low-RFI, power supplies developed by, ICRAR-Curtin pre-construction industry
partner, Balance Utility Solutions. These inherently low-emission power supplies were developed specifically to
comply with the stringent MRO RFI regime with only minimal shielding. Balance’s significant contribution to the
realisation of the AAVS1 in support of the LFAA Consortium is an example of the kind of meaningful industry
engagement required to efficiently realise the aspirations of the SKA Project.
The integration of the APIU into the AAVS1 will likely yield lessons that result in changes to its form and function.
Indeed, that is precisely the point of the AAVS1. By building, commissioning, operating and maintaining the AAVS1,
the LFAA Consortium will ensure that the LFAA procurement specification is as well informed and as risk free as
possible.

Figure 15: Deployment and characterisation of RFoF trunk fibre for AAVS1
Fibre-optic cabling is central to the LFAA architecture. The signals received by the antennas in the field travel
several kilometres over fibre before being digitised and processed. In LFAA this fibre will, for the most part, be
buried. A variety of cost and practical constraints precluded the burying of the fibre-optic cabling for AAVS1. As a
result, the environmental conditions that the AAVS1 signal path will be subjected to represent the most stringent
possible test of the proposed LFAA architecture.
The left panel of Figure 15 shows 576-core ribbon-fibre cable being deployed between the AAVS1 site (co-located
with the MWA) and the MRO central processing building, a total distance of 5500m. The right panels of Figure 15
show the test setup currently being used by ICRAR-Curtin engineers to characterise the performance and stability
of the AAVS1 fibre--from APIU to processing building--under dynamic, often extreme, environmental conditions.

Figure 16: AAVS1.1 (full station) infrastructure complete and awaiting antennas
Figure 16 showcases the fruits of many tens of hours of labour; in the workshop, lab and field by the ICRAR-Curtin
engineering group and its Consortium and industry partners. The AAVS1.1 station infrastructure, complete and
awaiting installation of antennas.
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Figure 17: AAVS0.5 antennas deployed in 2012 provide valuable data on component life on the MRO
The AAVS0.5 system was deployed by a subset of the AADC Consortium partners in 2012, before the formal kick-off
of SKA pre-construction. The 16-element array, featuring an earlier iteration of the SKALA antenna allowed the
Consortium to make a variety of measurements that have helped to guide subsequent development.
Despite being taken out of regular service, the LFAA design having evolved significantly, the AAVS0.5 continues to
offer valuable insights. The various components, materials, connectors, and joins that make up the system have
now been subjected to five years of the harsh MRO environment. Investigating and understanding their reaction to
this exposure is another important way that AADC Consortium engineers are ensuring that the LFAA procurement
specification is as well informed as possible. Figure 17 shows the settling of red MRO-dirt on an LNA within the
electronics housing ‘trumpet’ at the apex of an AAVS0.5 antenna.

Report provided by the LFAA consortium
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Mid-Frequency Aperture Array
Overview
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.
Front-End Design Summary
The cross polarisation performance analysis of the finite C-ORA array at the University of Manchester, including
intrinsic cross-polarisation ratio (IXR) is under investigation. The mechanical requirements of the finite array for
anechoic chamber measurements have been produced. The finite array for RFI measurement is shown in Fig. 1. The
reflection coefficient for the centre element in the finite array (5x5 dual polarised) is shown in Fig. 2.

Figure 1 The finite C-ORA Array for RFI measurement.
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Figure 2 The reflection coefficient measurement for the centre element of the finite array.

A differential beamformer board based on time delay has been prototyped by Station de Radioastronomie de
Nançay. The 16 channel beamformer board with differential inputs (SATA standard) is shown in Fig. 3.

Figure 3 The time delay beamformer board with 16 channels and SATA inputs. Developed in Nancay,
France.
The 10 x 10 finite arrays based on square grid and triangular grid will be measured in the close range anechoic
chamber. 4x4 Elements will be beamformed in this measurement. The mechanical designs for the square grid
based array is shown in Fig. 4
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Figure 4 The mechanical design model of the 10x10 C-ORA finite array for anechoic chamber measurement.
To be manufactured by Trackwise.
ASTRON has performed noise temperature measurements on a 16 element array, this array consisted of 16 LNA
modules of the previous design and two beamformer boards which are fully operational. ASTRON team has
performed tests with different settings and measured the influence of connecting the antennas electrically
together (for now with tape). The array has 40 to 45 dB of gain.

Figure 5. The finite array based on Vivaldi antennas, 16 LNA modules have been integrated with antennas.
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A hot-cold test on the receiver developed at North-West University of South Africa has been performed in ASTRON
in the Netherlands, and got some preliminary receiver noise temperatures (see the Fig. 6). The current plan is to
make an array of these receivers.

Figure 6. The noise temperature of the received developed in the North-West University (South Africa).
Update of the MFAA Environmental Prototypes
During the March AAMID all-hands in Cape Town, an ASTRON team spent time on the Karoo site, working on the
MFAA Prototypes. Besides general inspection, the data loggers were refurbished and maintenance has been
executed. Detailed information was gathered on all four prototypes, this section focuses on one of them, the open
prototype with foil cover.
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Figure 7: Environmental wear and tear of the insulated prototype.
Looking at the picture above, one can clearly see some environmental influences on this prototype. After opening,
we find a small attention point at tension strap. The tension strap, used for keeping the POLYMAR foil in place in
the middle of this prototype, is pulling on the POLYMAR foil glued connection tag. It is peeling of the tag but not
completely, the peeling stops at the point where peeling becomes pulling due to the shape of it. This solution
seems to work.

Figure 8: Vivaldi antenna tile, inside the open prototype, sand and dust are clearly seen.
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Looking at the photos within figure 8, we can clearly see that this prototype collects quite some sand and dust even
under the EPS corners. Looking at the first row we see hardly any sand and dust, it looks like wind is keeping it clear
of it.

Figure 9: Deformation of some the parts.
Figure 9 shows the the Vivaldi arrays are buckled and bended. The rubber straps, holding the POLYMAR foil in
place, are pulling on the roof of this prototype and this roof lies on top of the Vivaldi arrays which are made of
0,6mm thick aluminium sheets. This pulling on the roof is applying a distributed force on this section of the arrays
and these are not strong enough. Therefore, for future roof designs we should not apply any force on the Vivaldi
arrays as these are responsible for the main (mechanical) function of this telescope.
ISSA array demonstrator
The fractal octagonal phased array antenna (Fr-ORA) is an engineering prototype developed at the University of
Malta for a middle frequency SKA aperture array, MFAA, operating between 300 MHz to 1400 MHz. To achieve an
aperture array with a wide bandwidth performance, the elements were tightly coupled, triggering the mutual
coupling effect between the elements. Hence, increasing the capacitive coupling effect at the end portions of the
elements aids to counteract the ground plane input impedance at the lower operating frequencies.
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Figure 10: The fractal octagonal open rings array.
The optimisation problem of the array contained a fractal geometry, where the elements of the array were
designed based on the recursive nature of a fractal. It is likely that the Fr-ORA will be competitive in relation to
related technologies because of its lightweight construction, its low cost (because of the planar design and the
significantly lower metal content in the fractal elements), and its low profile (planar structure), with dual
polarisation and the potential steerability of the individual elements. Another unique feature of the array is that
the center frequency and bandwidth can be tailored to any specific application by scaling the element sizes in the
active layer.
The possibility of using a fractal geometry as a tightly coupled phased array antenna for SKA application was
examined. A practical implementation of the phased array antenna was fabricated and measured. The proposed
array element has proven to predict well-behaved impedance over a wide bandwidth to a maximum scanning
volume of . Furthermore, a method for calculating far-field antenna patterns exploiting a set of near-field data
sampled from a rectangular plane over the prototype 9 x 9 element array was used to verify the validity of the
design. The measurement results allowed for the evaluation of the antenna array type for SKA.

Figure 11 Fr-ORA 9 x 9 prototype element array.
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Figure 12. Simulated and measured passive reflection coefficient for the 9 x 9 element array results.
Given the fact that the prototype needs to meet SKA specifications and requirements, post-experimental results
allow for further and in-depth studies. Sponsored by the Technology Development Programme of the Malta Council
for Science and Technology (MCST), the Institute of Space Sciences and Astronomy (ISSA) embarked on building
large scales of the array. The Malta array demonstrator is an implementation of two antenna arrays and a receiver
chain. Each array consists of 5184 elements, an array of 72 x 72 elements covering an area of 100 m2. The elements
of the array are supported by expanded foam over a grid ground plane. The main purpose of this project is the
calibration and the characterisation of the array in its real operative condition. Furthermore, testing the analog
receiver chain in a realistic environment is also considered through this project.
The characterisation of the antenna array radiation pattern is investigated involving a far-field flying source. The
verification system deploys two antenna arrays each of 10 m x 10 m distant from each other. The system exploits
an unmanned aerial vehicle (UAV) equipped with a continuous wave RE transmitter and a dipole antenna.
Accordingly, the reconstruction of the received power pattern from the overall system can be easily compared with
the simulation results of the model. For very large arrays, a near-field to far-field characterisation technique using a
flying source is also utilised for far-field pattern calculations. By means of the measurement of the near-field
pattern of an embedded element in the aperture array, the response of a prototype of a 9 x 9 element array can be
easily validated using an electromagnetic software model. In this way, the element array can be improved for
better performance, and the array beam can be modelled for calibration proposes. The measured data can also be
used for further and more complex numerical analysis.
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MFAA Publications and Presentations
In preparation for the System Requirements Review of the Mid Frequency Aperture Array, a number of documents
were produced, and amongst them, the Science Requirements is of interest to a wider audience than just the SRR
panel members and the SKA Office. This document gives an overview of the science goals of the full SKA in the
frequency range 450MHz to 1450MHz, and goes on to describe the capabilities necessary for the SKA to achieve
those goals. The emphasis is on the Mid Frequency Aperture Array which the MFAA Workpackage intends to
demonstrate clearly to be the best technology in this frequency range. The SKA Mid Frequency Science
Requirements is available publicly on the arXiv document service, and can be found at
https://arxiv.org/abs/1610.00683
The SKA Mid Frequency Aperture Array was presented at several conferences and meetings since the previous
edition of SKA eNews.
MFAA and an overview of SKA pathfinders and precursors was presented in two talks at Fermilab on 17 October as
part of the INFIERI Workshop on Signal Processing in Astrophysics, Particle Physics, and Medical Physics. The talks
were given by Steve Torchinsky (SKA/MFAA overview) and Tailei Wang (Integrated Beamformer Circuit
Board). These talks were repeated a few weeks later at the Astroparticle Physics and Cosmology laboratory in Paris
where there is already some interest in joining SKA.
https://indico.cern.ch/event/557734/timetable/ - all.detailed
Also in the USA, the MFAA pathfinder EMBRACE was the subject of a talk by Gregory Hellbourg and Cedric Viou
who presented their algorithm for filtering satellite emissions at the conference "Coexisting with RFI". EMBRACE
was used to test the algorithm.
http://www.cvent.com/events/coexisting-with-radio-frequency-interference/event-summary636cf7581cb6418fb0e80544527822d0.aspx
Jess Broderick gave a talk at the 1st Pietro Baracchi Conference in Perth, Australia, and also presented our plans for
an MFAA scientifically capable prototype called MANTIS.
http://www.atnf.csiro.au/research/conferences/2016/Baracchi/
And, of course, Wim van Cappellen presented MFAA at the SKA Engineering meeting in Stellenbosch.
https://indico.skatelescope.org/event/402/
Don't forget SKA2!

Report provided by the AAMID consortium
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Signal and Data Transport
Overview
The SADT team attended the Annual SKA Engineering meeting
in Stellenbosch and found that it was extremely productive
opportunity for discussing and agreeing a number of technical
issues with other Consortia. In addition, while still in
Stellenbosch, we held our sixth face-to-face Consortium
meeting, which was similarly productive and allowed us to reexamine and confirm our internal interfaces between the
various SADT sub-elements, and resulted in an agreed diagram
capturing the end-to-end physical realisation of the networking and timescales for both the SKA-mid and SKA-low
telescopes.

The SADT team in Stellenbosch for the Annual SKA Engineering meeting.
A great deal of our recent work has been to support the SKAO in preparation for System Preliminary Design Review
(PDR). This has been primarily in producing Interface Control Documents (ICDs), both Internal to the Consortium
(where we have written a total of 46 documents) and External ICDs with other elements. In parallel we have
progressed the Detailed Design Documents (DDDs) which capture the design that will be assessed next year at a
Critical Design Review. We have also released the first draft of the SADT Failure Mode, Effects and Criticality
Analysis (FMECA), which analyses the probability of failure modes against the severity of their consequences. This
work has been undertaken through a contract with Frazer-Nash Consultancy, with whom we have had a series of
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workshops and telecons. This FMECA analysis has allowed us to start work with MMI Engineering Ltd on the
Integrated Logistics Support (ILS) analysis that will develop a support strategy for the SADT products.
Electromagnetic Compatibility (EMC) of all areas of the SKA design is critical, since there is a significant risk that
self-induced radio frequency interference (RFI) might otherwise limit the performance of the SKA. We have
conducted a series of EMC tests at the semi-anechoic chamber, shown in the figures below, at ASTRON in the
Netherlands.
We have tested equipment that will be used in the following areas: the Digital Data Back Haul (DDBH) of
astronomical data from the receivers back to the Central Processing Facility; the Non-Science Data Network that
carries the monitoring and control signals throughout the telescope; the White Rabbit network that carries
absolute time. All of these products are located very close to the telescope receivers, in the telescope pedestal (for
SKA-mid) and the Remote Processing Facilities (RPFs for SKA-low), and so their EMC performance is critical. Various
different hardware configurations and different vendor equipment were assessed. Preliminary assessment of the
results is very encouraging, but it is clear that the shielded enclosures being planned to house this equipment is
essential to meet the challenging requirements of the SKA.

Report provided by the SaDT consortium

Assembly, Integration & Verification
Overview
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 Telescope will consist of SKA1-mid, which will be located in South Africa, and SKA1-low, which will be
located in Australia. SKA1-mid will consist out of up to 133 SKA1-mid dishes, plus a further 64 MeerKAT precursor
dishes. The AIV work package therefore also includes the planning for integrating the MeerKAT Precursor into the
SKA1-mid Telescope. SKA1-low will consist out of 512 SKA1-low Stations, which will include a total of
approximately 125,000 individual low-frequency antennas.
The member organisations of the AIV Consortium are SKA SA, CSIRO and ASTRON, with SKA SA leading the
consortium. All three member organisations have significant experience in building radio telescopes, and therefore
have a vast amount of integration and verification know-how that is benefitting the AIV work package.
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2016 SKA Engineering Meeting
This year’s Engineering Meeting was another great success. Face-to-face discussions with other consortia and with
colleagues at the SKA Office are always productive and beneficial. The AIV Team participated in many of the
meetings, but the following where particularly informative:




Meeting with SaDT and DISH Consortia to discuss issues pertaining to the MeerKAT retro-fit (ECP-150006).
Each MeerKAT Dish will be retro-fitted with an SKA1-mid Receiver and SKA1-mid Timing & Frequency
Reference distribution system.
Construction Dry-Run for SKA1-mid and SKA1-low. The objective of these workshops was to arrive at a plan
and a schedule of how the project will arrive at the system installed in the System ITF and how the project
will arrive at Array Assembly 1.

Figure 1: AIV Team at the 2016 SKA Engineering Meeting. Clockwise from front: Peter Hekman, Donald
Gammon, Michael Hayes, Nico Ebbendorf, Richard Lord.
Telescope Roll-Out Plan
Revision 5 of the Roll-Out Plan for SKA1-mid and SKA1-low has been released. This revision includes major updates
and incorporates all of the review comments received from the SKA Office and from Design Consortia. Feedback
obtained at the SKA Engineering Meeting has also contributed significantly to this release. For each Array
Assembly, a lot of detail has been added about the products and functions that make up that Array Assembly. The
Array Assemblies are now very well defined, forming the basis for identifying all the dependencies that will be
reflected in the Construction Schedule.
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For both SKA1-mid and SKA1-low, all of the system-level functions have been allocated to one or more of the highlevel roll-out milestones, namely:






Integration Test Facility Qualification Event (ITF-QE)
Array Assembly 1
Array Assembly 2
Array Assembly 3
Array Assembly 4

Figure 2: Functional allocation to Roll-Out Milestones.
Since each function is also related to one or more Level-1 (or Level-2) Requirement(s), as shown in the figure, this
work provides Design Consortia with significantly more information regarding the required functionality for each of
the Array Assemblies, including the System ITF.
From this revision onwards, no dates or timelines are specified in the Roll-Out Plans. The Construction Schedule is
managed by the SKA Office and the Roll-Out Plans merely refer to this schedule. This ensures that all construction
dates are maintained in one central location.
Verification Planning
With the approval of ECP-160027, the scope of work of the AIV Consortium has been extended to include the
verification planning of all Level-1 Requirements.
The Level-1 Requirements fall into two main categories:
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1. Those that are allocated to only one Element,
2. Those that are allocated to more than one Element.
For those L1 Requirements that fall into the first category, it is assumed that there is no emergent behaviour at
system level, and that these L1 Requirements are therefore fully described by their corresponding L2 Requirements
of the respective Element. The system-level verification planning of this category of L1 Requirements consists of:



Inspection of the Verification Plan at Element CDR.
Inspection of the product contractor's Acceptance Test Results at the time of product hand-over to the
SKAO.

For those L1 Requirements that fall into the second category, it is assumed that there is emergent behaviour at
system level, and the AIV Consortium is tasked to produce a Verification Plan for these L1 Requirements that will
contain the following:




A high-level description of how each of these L1 Requirements will be verified. These descriptions are not
as detailed as a test procedure.
At what level of system integration the verification will be performed (either the System ITF or one of the
Array Assemblies).
Identification of who is responsible for executing the verification. Generally, the SKAO will be responsible
for all qualification testing and verification testing performed at the System ITF, and the AIV Contractor will
be responsible for all verification testing performed on-site.

The Verification Model
The Telescope System verification activities are derived by developing the Verification Model shown in the figure
below.

Figure 3: Relationships between Data Elements of the Verification Model.
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Starting with the Level-1 Requirements, which specify the Telescope System, Verification Requirements are
developed, which outline how the Level-1 Requirements will be verified. Verification Events are identified, as well
as Test Procedures, Test Configurations and Test Equipment.
Verification Requirements are a high-level description of the tests that are needed to verify the requirements. In
themselves, they are not sufficiently detailed to be used as qualification or acceptance test procedures, but they
represent the first step towards the development of detailed Test Procedures, Test Configurations and the
identification of Test Equipment.
Challenges
Experience with other radio telescopes has consistently shown that the roll-out activities and AIV work scope is
often under-estimated, even at component level, and often causes delays in deployment, due to re-engineering
and retrofitting of components. This may significantly increase the total cost of the system.
Many issues that are discovered during “downstream” integration and verification are the result of “upstream”
neglect. Early in the project, during the design stage, science requirements need to be accurately translated to
Element-level requirements, and interfaces between products need to be accurately defined.
Another major challenge is that the software/firmware dominated Elements (CSP, SDP and TM) need to deliver
systems with basic functionality very soon after tenders have been awarded.
Report provided by the AIV consortium

DISH
DISH has made significant progress since last reporting in
August with the consortium now in the process of preparing
for and completing Detailed Design Reviews (DDRs) for all subelements.
September was a particularly busy month with preparations for
LMC (local monitoring and control) delta DDR on September
28th, the Dish All Hands Engineering meeting September 29 &
30 and then the SKA All Hands Engineering meeting
commencing October 1st, all in South Africa.
The LMC delta DDR was thankfully successful and as Consortium Leader, my sincere thanks must go to the review
panel, Sonja Vrcic, Lize van de Heever and Andrea Cremonini and my thanks, of course, also go to the LMC team
that responded to the first attempt in July at Edinburgh and convincingly closed out this important milestone
review in September in Cape Town.
The Dish All Hands Engineering meeting was a very useful and successful gathering, again demonstrating the
importance of face-to-face meetings and the enormous utility of a dynamically interactive team able to view and
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discuss information in real time both in the meeting and in the ‘corridors’. This meeting at very least illuminated
the need for a better understanding of the assumptions surrounding the early construction phase activities.
There was no let up for the team when they returned to their home countries from South Africa as preparations
continued in earnest for the remaining design sub element Detailed Design Reviews.
In early November, members of the team reconvened in Stellenbosch for the Single Pixel Feed DDR for Bands 1 and
2. It was a well organised and effective review by a very experienced review panel that included Australians Mark
Bowen and Christophe Granet, our Max Planck colleague, Gundolf Wieching and was chaired by Wim van Cappellan
from Astron. The review panel passed the Band 2 design but held up the Band 1 team for more clarification of their
qualification details. The Band 1 team still need to do a bit of work so a minor but important delta DDR will be
required to close off Band 1 issues. This is expected in February 2017 via a remote review because of the minor
nature with full close-out anticipated by Q1/CY2017. Our sincere thanks go to the review panel, as well as the Band
1 and Band 2 teams from EMSS and Chalmers University for their hard work. Special thanks also to EMSS for
organising this DDR and for taking care of the logistics in South Africa.
A breakthrough came for the Band 5 team in late October with the news that the SKAO finally approved ECP
160022 concerning the splitting of Band 5 from a single band of 4.6 to 13.8Ghz to a Band 5(a) 4.6 to 8.5Ghz and a
Band 5(b) 8.3 to 15.3Ghz. This will improve feed sensitivity and reduce the cost and complexity of the Band 5
digitiser design and cost. Full details of the impact of this change are still to be assimilated into the project
planning with a preliminary design review for the Band 5 feed and digitiser expected to occur in Manchester in
March 2017. Thanks to the SPF Band 5 teams at Oxford University, EMSS in Stellenbosch and NRC, Canada for their
hard work and patience.
There have been a number of changes within the Dish Management team. In early September, former Dish
Consortium Leader and PAF sub-element lead, Mark Bowen, changed camps from the CSIRO to SKA Office in
Manchester – a loss for CSIRO but a win for the SKAO. His former CSIRO associates all wish him well and hope for
his successful insertion into the Office. The SKAO had repeatedly expressed concern that the Dish Consortium was
the only consortium without a separate project manager. After taking on the role of temporary Dish Executive
Officer, Susan Stopford also took on the role of acting Dish Project Manager and has successfully engaged sub
element leads to determine and influence Dish Sub element schedules. George Smit of SKA-SA has taken on the
role of Dish Infrastructure lead freeing Henk Neihaus to assist the Dish Structure team now lead by Lutz Stenvers of
MTM, in collaboration with the JLRAT/ CETC-54 team and the SAM team in Italy.
Schedule remains the main DISH risk as the entire SKA1-mid Project segment depends upon the Dish Element
completion, thus putting DISH upon the SKA critical path. Dish is different to most SKA design consortia in that it
must not only design the dish system but also build a complete working prototype and perform qualification
testing. This has required substantial capital investment by some DISH members and this fact has caused many
difficulties and delays. DISH is grateful for the support of all partners but particularly CETC-54, MPG and the
industry partner MTM who have made a substantial capital investment.
At the time of writing, the DISH team is fully focussed on preparations for the detailed design reviews for Dish
Infrastructure and Dish Structure which will occur early December.
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The SPF DDR Meeting Team Photo, Stellenbosch, South Africa

SPF Band 2 Horn and OMT – Photo courtesy of EMSS
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SPF Band 1 Horn – Photo courtesy of Miroslav Pantaleev, Chalmers University
As we move into 2017, Dish will have one more DDR for the SPF Receivers and it will occur at the NRC facilities in
Victoria Canada. By this time, the first dish structure will be well into manufacture and the first full SKA class dish
structure system, SKA-P, will be erected in CETC-54 facilities in China by mid 2017 thus allowing initial mechanical
testing to be performed. Immediately in series, the second SKA class antenna, SKA-MPI, will be manufactured, fit,
checked and shipped to South Africa for erection at the SKA1-mid site in the Karoo. Planning has the SKA-MPI dish
expected ready for handover to AIV by first week of December 2017.

Report provided by the DISH consortium

Telescope Manager
Overview
Telescope Manager (TM) has made good progress with
respect to the sub-element level Requirements Baseline (RBL).
Three out of the four sub-element level RBLs have been
formed whereas the last one is in the process. After a delay of
a couple of months, we have now submitted a data pack as
part of the TM Design Baseline to the SKAO for review. Most
of the planned prototyping work has been completed and the
report of the outcome of the work has been submitted to the SKAO. We are now focusing on the sub-element level
Design Baselines (DBL).
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The summary of the work taken up since the last reporting, key events and accomplishments are as follows.
Prototyping
The Prototyping Report was finalised and issued to the SKAO for review in October. The outcome of each
prototype has been captured in this report, vis-a-vis the initial objectives. The prototyping activity has been
concluded for all except two prototypes: LINFRA and LMC Interface Simulator. No major surprises have revealed so
far by the prototypes that indicate major risks in the design. One more version of the Prototyping Report is
expected in the first quarter of the next year which will include the outcomes of the remaining prototypes.
Revised TM Cost Estimates
The next round (Version 3) of the TM Revised Cost estimates were prepared and submitted to the SKAO ahead of
the IGO meeting in September. Overall there has been a reduction of 5% compared to previous version (from
51.26 to 48.69 MEuros). This reduction was mainly due to a substantial reduction in Level 3 LINFRA (both Software
and Hardware) estimates. In addition to the estimating process, this version of the Cost Model undertook an
external review of the Version 2 and Version 3 of the Cost Model spreadsheet.
Further design work will likely result in some cost reduction by reducing risk, refine the contingency estimation and
a better understanding of the products needed to be developed. This design work is part of the on-going preconstruction activities and will be incorporated in subsequent versions of the Cost Model next being planned early
February 2017.
Element Design Baseline (DBL) - M17
After much anticipation, TM Design Baseline has made good progress. After rigorous internal review and
addressing over 300 review comments, the main TM Design Report has been updated and circulated to the SKAO
for review. The other documents accompanying the TM Design Report as part of the TM DBL, are internal ICDs and
the Maintenance Plan. We aim to form the TM DBL by December end. However, this will depend on the availability
of SKAO personnel to review the documentation in time.
Sub-Element (ObsMgt, TelMgt, LMC and LINFRA) Requirements Baseline - M18 and M20
ObsMgt, TelMgt and LMC Requirements Baselines have now been formed and that completes the planned major
milestone M18 though we achieved it with some delay. The remaining LINFRA Requirements Baseline (M20) is
under review currently and the observations from the review are being looked at. We hope to conclude on the
process and achieve the milestone M20 in the near future.
SKA Engineering Meeting and TM Face-to-Face (F2F) Meeting in South Africa
All TM sub-elements were well represented at the SKA Engineering Meeting. This meeting provided an opportunity
for the inter-consortium and the SKAO interactions on various issues, areas and had fruitful discussions.
This was followed by a two-day TM F2F meeting organised in Pineland at the SKA SA office. Important topics like
progress on the TM architecture, costing, evaluation and reuse of precursors and pathfinders, operations, etc. were
discussed. As part of the agenda, a MeerKAT Demo was arranged by the SKA SA team and this was followed by a
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guided tour of the MeerKAT set-up which turned out to be very useful. Apart from this, the stock of the ongoing
CDR work was taken and the plans for the future were discussed which resulted in revised dates for the remaining
CDR milestones.
Other Updates
TM Board has set up an internal panel to evaluate the work done for the monitor and control systems of the GMRT
and MeerKAT facilities, and make a recommendation to the TM Board by January 17, 2017 as to how these efforts
can be leveraged for SKA TM.
The GUI Team had interviews with the MeerKAT operators for a couple of days at the SKA SA office in Pinelands
following the SKA Engineering Meeting.
TM has now been officially asked by the SKAO to prepare a design for the Authentication and Authorisation (A&A)
implementation for the SKA, and this now forms part of the TM work package. A&A Requirement Specification
prepared by TM has been submitted to the SKAO as an input to L1 Requirements Rev 10.

Report provided by the TM consortium

Science Data Processor
Overview
The SDP proceeds apace, implementing the management
changes we outlined in our last SKA eNews contribution.
We planned our work for the October-November time period
so that we could support the ongoing SKA engineering
activities, and so that we could continue our work on the SDP
Execution Framework, as well as work on the key algorithms
that we will use to do all the processing within the SDP. We've also been conducting engineering workshops to
make sure that we fully understand what makes designing the SDP such a challenge.
Stellenbosch meeting
In October we held a large meeting in Stellenbosch, South Africa, coinciding with the SKA Engineering meeting, to
allow us to plan and bring in our new management structure.
As we mentioned previously, we have rewritten the SDP Work Breakdown Structure and changed how we tackle
tasks, working in short ‘sprints’, focusing on a few specific projects that need to be completed within that
timeframe as guided by project risk reduction priorities.
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Over three days we discussed our progress in the August-September sprint and what we wanted to achieve in the
October-November sprint. Based on this we decided on the objectives for the sprint and allocated work for the
whole consortium.
One of the biggest benefits of meeting in Stellenbosch was being able to meet other members of SDP and connect
with them face-to-face, improving our ongoing collaboration.
DALiuGE
In recent months some members of the team at ICRAR have started to do detailed testing of their Data Activated
Flow Graph Engine: DALiuGE. It is a baseline implementation for the Execution Framework. The execution
framework currently represents significant risk in the SDP design. Therefore, our Consortium is also assessing other
options for implementing the Execution framework. Consequently, we are examining whether we can reuse the
graph-based engine from MeerKAT, as well as Commercial Off The Shelf (COTS) implementations such as Spark,
with the aim of understanding how they might fit the SDP problem or how they might need adapting to do so.
The DALiuGE prototype includes a user interface for expressing complex data reduction pipelines along with a
deployment, control and monitoring environment to optimise the execution of such pipelines on distributed
resources. By mapping the logical view of a pipeline to its physical realisation, DALiuGE separates the concerns of
multiple stakeholders, like staff astronomers, operators, algorithm developers and experts in parallel computing.
This separation allows them to collectively optimise the large-scale SKA data processing in a coherent manner.
In order to ensure scalability to tens of millions of tasks running on thousands or tens of thousands of individual
compute nodes, the execution in DALiuGE is ‘data-activated’, where each individual data item autonomously
triggers the processing on itself.
Such decentralisation also makes the execution framework very robust and flexible, supporting pipeline sizes
ranging from less than ten tasks running on a laptop to tens of millions of concurrent tasks on the second fastest
supercomputer in the world, Tianhe-2.

Figure 1 (Framework overhead): Measured pure framework overheads for small to medium scale
deployments.
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Red and yellow bars are showing the overheads per task (drop) in microseconds in the case where only one
instance of deployment and control is utilised (1 island). An island allows us to group data together that are used by
multiple processes. This allows us to scale out our processing on the vast amount of data generated by SKA.
The red bars are for a run on 30 compute nodes, the yellow ones for 60 nodes.
Note that the overhead per drop (task) is declining the more drops are deployed (x-axis).
This is due to the fact that the overhead is completely dominated by the constant time to setup and launch the
framework itself.
The last two bars (blue and green) are showing the effect of running 1,054,086 tasks on 150 compute nodes, but
using one (blue) or five (green) islands, respectively.

Figure 2 (large scale overhead): Since the number of tasks in the previous figure obviously not even
saturated the scalability behaviour of even just a single island, we ran much bigger deployments as well.

This figure shows deployments of some 2 to some 12 million tasks on one (red) and five (yellow) islands,
respectively.
The advantage of using multiple islands is clearly visible now and in fact it seems that a single island reached its
saturation somewhere between 4 and 8 million tasks.
It should be noted that the absolute overhead per task of less than 10 microseconds is about an order of
magnitude lower than what is required.
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This series of tests had been executed on 400 compute nodes on the Pawsey supercomputing centre in Perth.
Regional Centres
The DELIV team within SDP has considered various options for how data will be made available to end users, but
until this year there has not been a project wide view on how this should be done. Now we are working with the
SKA Regional Centres (SRCs) Coordination Group (SRCCG) to better understand the data distribution needs of the
SKA and finalise what the science processing sites need to provide.
For this, further consideration is being given to the Science Data Products (and associated metadata to enable SKA
access policies to be enforced) SDP will produce and the software stack that will need to be deployed at the SRCs.
This must include tools for optimising the transfer of the Science Data Products from the science processing centres
to the SRCs and between SRCs.
International Virtual Observatory Alliance (IVOA) standards are being used to guide the tools that will enable a
range of activities including querying the science and product catalogues distributed to the SRCs. The aim is to
maximise the efficiency of the use of international Wide Area Networks and provide low latency access to services
globally. The requirements analysis for the visualisation and analysis tools that will be required at the SRCs is being
worked on by a team led by the SKAO.
OpenStack
OpenStack is an open source platform which connects and coordinates compute, storage and networking systems
to create a coherent environment. This software-defined model provides a capability to offer cloud services to a
range of workloads/applications within a typically virtualised framework.
As an orchestrator of such workloads, OpenStack offers a unique framework for the SKA and the SDP. On the one
hand, as a federated cloud environment OpenStack provides an opportunity for Regional Centres in the adoption of
common software approaches to infrastructure management and diversity of application; on the other OpenStack
provides a unique opportunity for the orchestration of the SDP execution environment and the complex interaction
and integration of several sub-systems from data ingest to preservation coupled with real-time control.
The SDP consortium, through activities sponsored by the University of Cambridge, is actively involved in both the
development of OpenStack and promotion within the OpenStack Foundation. This included talks by Rosie Bolton on
the SKA, Stig Telfer on capturing the state-of-the-art in High Performance Computing and OpenStack and Paul
Calleja on the use of OpenStack in Research Computing.
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University of Cambridge contributions to the Autumn 2016 Openstack Foundation Summit (Left to right:
Rosie Bolton, Stig Telfe, Paul Calleja)
Conclusion
We have submitted this eNews update just before the end of a work sprint. This means that we'll shortly be
reviewing our progress, improving our processes, and selecting our priorities for December-January. We'll also be
reviewing our risks; we hope to find that we have made steady progress in reducing the highest risks, so that we
can turn our attention to the next set in our march towards our 2018 Critical Design Review.

Report provided by the SDP consortium
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News from the Precursor
ASKAP Report
ASKAP Early Science is underway and by the end of 2016, 30 antennas will be fitted with the second generation of
CSIRO’s multi-award winning phased array feed (PAF) receiver.
ASKAP Early Science kicks off
ASKAP’s Early Science programme formally began on 7 October 2016, using twelve of the antennas equipped with
second generation (Mk II) phased array feed (PAF) receivers.
Close to two hundred hours of observations have already been executed in support of the Early Science
programme for the WALLABY survey, in order to study the wide-field, low-column density neutral hydrogen
properties of local galaxy groups.

Early results from the ASKAP Early Science programme. Image by the WALLABY spectral-line data
processing working group and the ASKAP Commissioning and Early Science team.
The central panel of the image above shows a full 36-beam, dual-position (2 x 10 h) interleaved continuum image
of the field surrounding NGC 7232. On the left are HI intensity and velocity field images of the nearby spiral galaxy
IC 5201. The panels on the right provide a closer look at the continuum image, including some well-resolved
structures with complex morphologies. The map contains about 2,500 unique radio components.
Development of the ASKAP telescope beyond the Early Science array continues apace. Current commissioning
activities are focusing on improvements to the calibration and imaging pipelines, polarisation, and use of the ondish calibration system. The year 2016 will end with 30 Mk II PAFs installed on the array, though not all of them will
be operational at that time.
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World’s first VLBI with PAFs
In a world first, CSIRO has shown that VLBI can be done with two PAFs.
For their experiment on 27 October 2016, the VLBI test team observed with a PAF-equipped ASKAP antenna in
Western Australia and with the Effelsberg PAF on the 64-metre Parkes Radio Telescope on the other side of the
country.
A previous link-up with an ASKAP antenna had shown it was feasible to use a single PAF for this high resolution
observing technique, but dual-PAF observations are more complex. New firmware had to be installed on the ASKAP
antenna to allow access to the raw data, and the data streaming from both PAFs had to be resampled and
converted to VLBI format.
Three hours’ worth of data was recorded and is now being analysed.
The goal was to observe the galaxy PKS B1740–517. CSIRO astronomers had discovered neutral hydrogen (HI) gas in
this galaxy when using ASKAP’s test array (six antennas fitted with first generation PAFs). They hoped to use VLBI to
pinpoint where the gas lies in the galaxy. They used the dual-PAF set-up because they needed to observe at 986
MHz, a frequency covered by the PAFs but not by the conventional feeds available at Parkes or other Australian
telescopes used for VLBI.
As well as confirming that the signals from two PAFs can be combined for VLBI, the tests showed how easily ASKAP
can ‘multitask’. While one ASKAP antenna was being used for VLBI, another ten were working together to study the
same galaxy in a different way.

The ASKAP telescope multitasks – one antenna is part of the world first dual PAF VLBI link while others are
performing different observations. Photo by Mary D’Souza, CSIRO.

Report provided by the CSIRO
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MeerKAT Report
Digital migration in the Karoo – the benefits to MeerKAT and SKA
The recent move by South Africa to switch off analogue television in the Karoo, as an initial phase to a national
digital migration, is a momentous achievement towards freeing up highly sought after radio spectrum as
recommended by the International Telecommunication Union (ITU). Analogue television signals occupy a large
frequency band from 470 to 854 MHz and this digital migration means that this band has been released for radio
astronomy purposes and scientific activities in the Karoo.
Increased radio spectrum availability contributes to the accessibility of television, internet connectivity, cellular
phone and radio astronomy services. In certain frequency bands, the demand for spectrum from different services
far exceeds the amount of spectrum available. Spectrum management processes create a conducive environment
for competing services to coexist, and regulations are necessary to ensure interference free operation for all
stakeholders.
To preserve the astronomy advantage of the Karoo areas for the purpose of radio astronomy, the South African
government elected to promulgate the Astronomy Geographic Advantage Act, 2007 (Act No. 21 of 2007) and
associated regulations to protect radio astronomy facilities from sources of radio frequency interference (RFI) and
Electromagnetic interference (EMI). Analogue television switch-off improves the astronomy advantage of the Karoo
areas.

Figure 1. Karoo Central Astronomy Advantage Areas
The figure above shows the area in the Karoo protected by the Astronomy Geographic Advantage Area Act.
The benefit that this digital migration holds for the communities include:
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They are provided with a broader range of good quality signals, allowing access to more television
channels;
The country will have additional spectrum to deploy broad band services such as voice telephony, internet,
video applications, etc.;
The components of the technologies employed to support the digital migration are manufactured locally
and new assembly lines were established, thereby constituting the establishment of new business.

A number of government departments and agencies had to participate in order to make digital migration a reality.
These include the Department of Communications, the Independent Communications Authority of South Africa
(ICASA), SENTECH, Universal Service and Access Agency of South Africa (USAASA), South African Postal Office
(SAPO), the South African Broadcasting Corporation (SABC), and many other broadcasting digital migration
stakeholders. SENTECH, who is licensed to provide Electronic Communications Network Services (ECNS) and
Electronic Communications Services (ECS), placed High Mast transmitters across the country and satellite
transponders were acquired for television broadcasting in South Africa. In addition, with the manufacturing and
assembly of suitable set top boxes (devices used in domestic dwellings to decode the digital signal), South Africa
positions itself to manufacture digital televisions.
Analogue television had issues of inconsistency in the quality of the received signal. Some areas were able to
receive good quality broadcasts and others would receive poor quality broadcasts. Different areas across the
country had different numbers of broadcast channels from which to choose. The area around the SKA site was
mostly limited to only one channel. The Digital Migration will now allow for a consistent service to be provided
across the country.
The communities around the SKA site were given satellite television receiving equipment which eliminated the
need to continuously adjust channels and surfing through frequencies to locate the optimal signal. These
communities were the first to receive set top boxes and these were fully subsidised.
The Karoo area is now one of the few places on earth where radio astronomers can observe in the spectrum which
was previously used for television broadcasts.

Report provided by SKA SA

Murchison Widefield Array Report
MWA status
The MWA's Phase II expansion phase reached a major milestone in September with the successful commissioning
of the compact configuration Phase II array. Regular observations began at the start of October for the 2016-B
observing semester, with a significant focus on observations for the Epoch of Reionisation (EoR) key science
programme. The new compact configuration of the Phase II MWA has 72 new "hex configuration" (see previous
eNews) tiles optimised for EoR science. The new hex configuration tiles improve the theoretical sensitivity of the
MWA by almost an order of magnitude for EoR power spectrum science.
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The MWA is preparing to host the SKA Low Aperture Array Verification System 1 (AAVS1) prototype, to be
completed early 2017. Although AAVS1 can work in a standalone mode, the MWA operations team has been
working behind the scenes to enable integration of the AAVS1 digital signals into the MWA correlator, which will be
mutually beneficial for both AAVS1 and MWA.
MWA Science
The sky GLEAMs with MWA data: The first large data product from the MWA's GaLactic and Extragalactic All-sky
MWA ("GLEAM") survey was published in MNRAS in October. The GLEAM extragalactic catalogue contains over
300,000 sources covering most of the extragalactic sky south of +30O declination, with 20 flux density
measurements between 72 and 230 MHz for all sources. The catalogue improves by more than an order of
magnitude the number of sources with measured flux densities at low frequency in the southern hemisphere, and
the fractional bandwidth from the GLEAM survey is unprecedented.
The GLEAM extragalactic catalogue is described in:
"GaLactic and Extragalactic All-sky Murchison Widefield Array (GLEAM) survey – I. A low-frequency extragalactic
catalogue" Hurley-Walker et al., 2016. MNRAS. ADS link.
Images and movies available here: http://www.icrar.org/gleam/

The GLEAM view of the centre of the Milky Way, in radio colour. Red indicates the lowest frequencies,
green indicates the middle frequencies and blue the highest frequencies. Each dot is a galaxy, with around
300,000 radio galaxies observed as part of the GLEAM survey. Credit: Natasha Hurley-Walker (Curtin /
ICRAR) and the GLEAM Team.
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Other recent publication highlights include:
"Galactic synchrotron emissivity measurements between 250° < l < 355° from the GLEAM survey with the MWA", Su
et al. 2016. MNRAS in press. arXiv link.
The MWA's GLEAM all-sky survey is sensitive to temperature variations on degree scales due to the MWA's many
short baselines. This paper uses GLEAM data to create a coarse map the overall synchrotron emissivity throughout
our galaxy by looking at how the apparent temperature of the sky changes due to absorption of radio waves by
interstellar HII regions.

An HII absorption region see by the MWA (left) coincides with a known HII region seen in optical emission
(right). The HII region blocks background radio waves, creating a "hole" in the sky at MWA frequencies.

"Delay Spectrum with Phase-Tracking Arrays: Extracting the HI power spectrum from the Epoch of Reionization"
Paul et al., 2016. ApJ in press. ADS link.
This paper is the next instalment in the toolkit of the MWA's Epoch of Reionisation (EoR) science team. The paper
describes a method to extract the faint signal from the EoR using the delay spectrum technique.
"First Season MWA EoR Power Spectrum Results at Redshift 7" Beardsley et al. 2016. ApJ in press. ADS link.
The MWAs' EoR science team is continuing the pursuit to understand the stars and galaxies that drove the Epoch of
Reionization (EoR). In a paper recently accepted to the Astrophysical Journal, the EoR team from the U.S. and
Australia presents their analysis of several months’ worth of MWA observations. While digging deeper and deeper
into the data the team has learned new things about the telescope and its incredible sensitivity. This result is the
deepest limit on the cosmological signal to date from an imaging array, and pushes the frontier towards the cosmic
dawn.
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(Left) The N-S, z = 6.8 two dimensional power spectrum. The figures on the right show cuts through the
power spectrum and the expected noise level given the integration time.

"PUMA: The Positional Update and Matching Algorithm" Line et al., 2016. PASA in press. ADS link.
Members of the MWA's EoR science team have developed new software that combines radio source catalogues
that have significantly different resolution and frequency, automatically matching and classifying sources using a
Bayesian probabilistic approach. The team show that by using more accurate positional information of sources
from higher frequency radio catalogues, the residual noise from subtracting sources will be reduced for EoR power
spectrum science.

This example figure from the paper shows the PUMA match of a single, unresolved source in the MWACS
catalogue with a multiple component source from the VLSSR, SUMSS and NVSS catalogues.
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"A search for long-timescale, low-frequency radio transients" Murphy et al., 2016. MNRAS in press.
Members of the MWA's Transient science team collaborated with the GLEAM survey team and some members of
the Alternative Data Release of the 150 MHz TIFR GMRT Sky Survey (TGSS ADR1) to search for radio sources that
appeared or disappeared between the GLEAM observations in 2014 and observations from 2011 with the Giant
Metrewave Radio Telescope (GMRT). Ultimately, after considering over 500,000 sources, only a single radio source
appeared to have appeared or disappeared between those two catalogs. This sets one of the lowest limits to date
on the rate of slow radio transients at these frequencies, and moreover gives the collaboration an intriguing new
source to study. Further multi-wavelength follow-up observations are underway.

TGSS ADR1 (left) and GLEAM (right) images of the transient candidate TGSSADR J183304.4−384046 (shown
with a red circle). On the TGSS ADR1 image, the blue circles show the location of NVSS sources with a 1.4
GHz flux density greater than 5 mJy.
The GLEAM image is overlaid with a TGSS contour at 80 mJy/beam to show the position of TGSS sources.

Report provided by Randall Wayth
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Hydrogen Epoch of Reionization Array (HERA) Report
The HERA project (https://reionization.org) has recently received US$9.5M from the US National Science
Foundation for a three-year effort to build out the array to 240 dishes in the compact core. The HERA partners also
contribute resources towards that goal, particularly with support from SKA South Africa. 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.
The US$9.5M funds the US partners as well as SKA South Africa to purchase most of the equipment. The US
funding provides primarily for the post-doctoral researchers and graduate students that will be providing the
analysis that will take the data through to the Epoch of Reionization (EOR) science. It also provides for some
management and design. The team held its annual workshop in Cambridge, MA in October to start planning on
the new scope, as shown below.

HERA annual workshop team photo in Cambridge, MA.
HERA is currently commissioning the first 19 elements while construction on the next 18 elements is well underway
to make the first 37 elements of the hexagonal-packed array. The current efforts also incorporate many of the
original PAPER elements, which are well understood. The PAPER elements are in one of several sub-arrays: (1) 19
elements that are in the same configuration as the 19 HERA elements, (2) a redundant grid sub-array, which
represents the last PAPER grid configuration, (3) an imaging sub-array, where they have been moved into a semirandom/semi-circle configuration, and (4) a polarisation test sub-array, where some of the grid antennas have
been rotated by 45 degrees. Comparative studies are underway.
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One current emphasis has been the software infrastructure and monitor and control, which are needed to handle
the much larger scope of array. All data transactions are handled by a process called the Librarian, which does
what any good librarian does and makes sure data is properly checked out, logged and checked in at the proper
branch. A high-level functional overview is shown below, with the software efforts in the shaded area.

Functional system overview. The primary software elements are shaded.
The three element array in Cambridge, UK, is largely complete and the first testing is underway, which is focused
on matching a very detailed electromagnetic model to comprehensive measurements. The test array will also
allow testing on feed options, which will be upgraded for the bigger build-out. This will include drone testing for
beam patterns.

HERA test array at Cavendish Laboratory’s Lord’s Bridge location near Cambridge, UK.

Report provided by David de boer, University of Berkeley, HERA Project Manager
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GMRT Report
The second phase of the GMRT upgrade draws popular response from the global user community
From 15th October 2016 onwards, the 2nd phase of the upgraded GMRT (uGMRT) started real observations,
following proposals that were submitted in July. We are happy to announce that this time allocation cycle was
oversubscribed by a factor of more than 3, indicating the widespread interest of the user community in the
capabilities of the uGMRT. In addition to the 2 of the 4 new wideband systems that are now equipped on all the 30
antennas of the GMRT (as reported in the last eNews edition), the exciting new band that is beginning to get
populated on all the antennas is the Band-4 (550 to 900 MHz) system. Sample spectral line results from this new
band of the uGMRT, obtained with just a few antennas, are shown in the figure -- clearly, this promises exciting
new science in the future when it is completed on all 30 antennas! Full use of the uGMRT is expected to provide a
significant stepping stone towards science with the SKA-1.

Figure 1: Expected sensitivity performance of the upgraded GMRT compared to other major facilities in the
world, present and projected (courtesy: Nissim Kanekar, NCRA)
Tracking ESA's Schiaparelli Mars lander module with the GMRT
About 2 years ago (September 2014), members from JPL/NASA contacted GMRT/NCRA to explore if GMRT could
provide ground support for NASA's Mars lander (Insight mission) then scheduled around September 2016 (& also a
similar European Space Agency, ESA's, ExoMars mission to Mars scheduled thereafter in which also the JPL team
were collaborators). The primary need for GMRT was to detect the feeble radio frequency signal (sine wave carrier
frequency at ~ 400 MHz) transmitted by the 'lander' module that will be injected by the Mars 'orbiter'. The lander's
trajectory from the 'orbit' around Mars to the surface of Mars lasts for about 8 minutes. During this phase of the
'lander', the only method of monitoring its health / satisfactory movement / trajectory is through detection of the
beacon radio signal (at around 400 MHz) and its motion inferred from comparing the observed radio frequency
with that expected due to the Doppler shift.
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The JPL team had explored 3 possible options for ground based support from radio astronomy facilities which
would have visibility for the event: Effelsberg (Germany), Jodrell Bank (UK) and GMRT, and concluded that the
GMRT is the best option given its high sensitivity and significantly reduced risk of radio frequency interference (RFI)
affecting the radio detection. Although the 400 MHz frequency was not covered by the legacy GMRT receiver
system available then, the new upgraded GMRT system (under mass production) covers this frequency. At that
point of time when this discussion initiated, very few GMRT antennas had this new receiver system installed – but
this was expected to grow with time.
Then on the evening of 19th October 2016, the GMRT added a unique feather to its cap of achievements by
successfully detecting the weak UHF radio signals emitted by the Schiaparelli space probe of the ExoMars project,
as it made its descent through the atmosphere of Mars. Before that, it also confirmed the successful separation of
the Schiaparelli from its parent orbiter (the TGO) on 16th October.
The Schiaparelli Entry and Descent Module (EDM) of the ExoMars project separated from the parent spacecraft –
the Trace Gas Orbiter (TGO) – on Sunday, 16th October after a 7 months’ journey from Earth to Mars, and followed
a trajectory that brought it to the point of entering the Martian atmosphere for a landing, on the evening of 19th
October. The 6 minutes’ journey through the atmosphere is the most hazardous part of the project, and many
previous Mars lander missions have failed at this critical juncture. In order to monitor the health of the EDM during
this crucial phase, NASA (on behalf of the ExoMars project collaboration) requested the GMRT to act as a receiver
station for this mission. The signal, at the frequency of 401 MHz, is very weak – emitted by a 5 W transmitter on
the EDM; and it required the high sensitivity and interference free environment of the GMRT to be able to detect it.
The receivers covering this frequency have been developed by NCRA as part of the upgrade of the GMRT, are were
ready well in time for this mission. The detection was made possible by adding the signals from the GMRT antennas
and analysing it with special signal processing software that was developed jointly by GMRT team members and JPL
team members from NASA. The system was tested during August - September, with similar test signals generated
by the Mars Rover of NASA that is already exploring the surface of the planet and GMRT was successful in detecting
these test signals.

On 19th October evening, the GMRT was able to clearly detect and track the weak signal from the Schiaparelli EDM
from 7:04 pm IST onwards, all the way into the last phases of the descent of the module through the Martian
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atmosphere, till about 8:27pm. The display from GMRT was streamed live to the ExoMars mission control centre in
Germany, which provided valuable real-time monitoring facility to the project team. The ground based support that
GMRT provided to track the space probe in the final minutes of the journey was very important. This has been a
historic achievement for us at GMRT. We have demonstrated our capability to participate in such international
space missions as a ground support observatory and expect to play a significant role in future missions of this kind.

Report provided by GMRT

JIVE/EVN Report
Science frontiers for SKA-VLBI
The e-EVN has pioneered/implemented real-time electronic very long baseline interferometry (e-VLBI) operations
during the past ten years, providing the technological roadmap and setting an operational example for very high
resolution observations with SKA1-mid, for short SKA-VLBI. Besides providing very sensitive long East-West
baselines to Australia, and North-South baselines to Europe, SKA-VLBI will excel in calibration, by the ability to use
multiple faint sources sources (down to about a mJy) within the primary beam of the telescopes. This technique
will have the advantage of delivering ultra-precise relative astrometry (among others).
A recent example of what could be done routinely with SKA-VLBI was demonstrated by three years monitoring of
the first jetted tidal disruption event (TDE) with the European VLBI Network. This type of extragalactic transients
are extremely interesting because they light up dormant galactic nuclei, allowing us to study a hitherto unknown
massive black hole population, and the impact of their new-born jets on the host galaxy. The EVN monitoring of the
radio counterpart to Swift J1644+5734 achieved an astrometric accuracy of about 10 microarcseconds
(unprecedented for faint continuum sources with the EVN) using an in-beam radio source as the astrometry
reference point (Yang et al. 2016, MNRAS 462, L66). The upper limit on the apparent jet proper motion is 0.27c,
constraining the intrinsic jet speed as a function of viewing angle (Fig. 1).

Figure 1. Left: Constraints on Swift J1644+5734 average intrinsic jet velocity βint and Lorentz factor for
various viewing angles, from the proper motion upper limit (red line). Right: EVN image of the radio
counterpart to the first jetted Tidal Disruption Event J1644+5734, and the in-beam astrometry reference
source (Yang et al. 2016).
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Nanoradians on the Sky: VLBI Across the Mediterranean and Beyond
The SKA VLBI working group organised a special session during the EWASS conference in Athens (4-8 July 2016) to
address various key science areas for SKA-VLBI. The topics were astrometry, continuum surveys, and transients.
During this meeting astrometry of pulsars and star forming regions, surveys of low-luminosity AGN, and among
transient phenomena TDE, and fast radio bursts were highlighted. Related technical issues were discussed as well,
like multi-source calibration, the limitations due to the small number of SKA1-mid VLBI beams available, and the
requirements for being able to carry out triggered VLBI observations. The various science and technical topics were
further discussed during the VLBI breakout session during the SKA KSP workshop in Goa (7-11 November 2016).

Figure 2. Poster for the "Nanoradians on the Sky" special session during EWASS 2016 in Athens.
Jumping JIVE
The Joint Institute for VLBI in Europe has transformed into a European Research Infrastructure Consortium (ERIC)
during the past year. As an ERIC, JIVE has strengthened its position as a European institute. At the same time, the
EVN expands further. During the EVN Consortium Board of Directors meeting in Riga it has been decided that
Irbene joins the network, and Latvia is committed to join JIVE as well.
As for SKA-related activities, JIVE is involved in the signal data transport (SADT) consortium, and we are playing a
leading role in the SKA VLBI working group. The Horizon2020 project Jumping JIVE will commence in 2017. It has
two work packages especially relevant for SKA-VLBI. In the framework of the ’Integrating new elements’ work
package we will start fringe tests in early 2017 with the Kuntunse telescope in Ghana, that will become part of the
African VLBI Network (AVN). Our SKA-VLBI work package will support the VLBI working group. A Jumping JIVE
liaison person in the SKA Office will work on the policies that will allow for an operational SKA-VLBI network, and
she/he will investigate the options for commensal SKA-VLBI operations - which is very relevant to the science cases
described above.

Report provided by the Zsolt Paragi
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Parkes Telescope Report
PAFs beyond ASKAP
Through an agreement with the Max Planck Institute for Radioastronomy (MPIfR), CSIRO has built a PAF receiver
for the 100-metre Effelsberg telescope in Germany. Modified for the RFI environment in Germany, the Effelsberg
PAF will operate from 1150-1800 MHz and use a bespoke GPU cluster and 2.5 terabit per second Ethernet switch.
MPIfR, in collaboration with the University of Manchester, is developing specialised data processing software, as
the high data rates produced by a PAF require real-time data management and archiving.
Over the past eight months the Effelsberg PAF has been tested and commissioned on CSIRO’s 64-metre Parkes
Radio Telescope. This is the first time a PAF has been installed on a large single-antenna radio telescope and made
available to astronomers. Pleasingly, it demonstrated the expected high performance while also achieving several
observing ‘firsts’.

The PAF for the Max Planck Institute for Radio Astronomy being installed on CSIRO’s Parkes Radio
Telescope. Photo by John Sarkissian, CSIRO.
Trial observations demonstrated the viability of transient and spectral-line science observations with the sensitivity
of a large dish and the wide field of view of the PAF. Sensitivity and field of view were characterised (Chippendale
et al. ICEAA arXiv:1606.03533 < https://arxiv.org/abs/1606.03533>) and found to be consistent with expectations,
as were observations of familiar pulsars and extragalactic sources of atomic hydrogen emission. Indeed, the latter
showed very flat bandpass responses, replicating almost instantly spectra that were obtained previously only after
significant processing effort.
For the first time three pulsars in three different beams in the same field of view were simultaneously timed (an
article is being prepared for publication) and another first was achieved with sub-1 GHz very long baseline
interferometry (VLBI) between two PAF systems: the Bonn PAF on Parkes and one on the ASKAP radio telescope
(see story below).
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Significant data were collected for a project led by researchers from the Australian Research Council Centre of
Excellence for All-Sky Astrophysics (CAASTRO) and the International Centre for Radio Astronomy Research (ICRAR)
to demonstrate wide-field intensity mapping of distant atomic hydrogen using a ‘drift-scan’ observing mode. This is
where the dish is stationary while the target drifts through the telescope’s line of sight, in this case using 16 beams
and 18 kHz spectral resolution.
Towards MPIfR’s goal of competitive wide-field searching for Fast Radio Bursts on Effelsberg, the Parkes
deployment demonstrated ingest of the full duty-cycle voltage time-series for 18 beams in two polarisations with a
bandwidth of 336 MHz into a Graphical Processor Unit (GPU) cluster, where search algorithms for transient sources
could be run in real-time. Work is ongoing to tune the parameters of the single-pulse transient detection
algorithms for the MPIfR PAF data recorded at Parkes, and also to scale the time-series ingest from 18 beams to 36
beams, for when the PAF is installed on Effelsberg.
There were successful tests of new radio frequency interference mitigation techniques via live adaptation of the
beamformer weights: providing up to 30 dB of interference suppression. Also, the polarisation response of a PAF
beam was measured by observing a pulsar with a well-known polarisation profile. This showed a high degree of
polarisation purity and proved to be an efficient method of determining the polarisation characteristics of the PAF
(through Jones matrix determination).
Now the Effelsberg PAF is on its way to Germany, CSIRO is planning to install a third generation (Mk III) PAF on
Parkes in place of Parkes’ highly successful multibeam receiver. Nicknamed the Rocket PAF for obvious reasons, it
melds the technological concepts behind CSIRO’s multi-award winning chequerboard planar array and the more
common PAF technology, a Vivaldi array (Dunning et al. Proceedings of the 13th European Radar Conference:
EuRAD 2016). Also, the Rocket PAF is cryogenically cooled and expected to achieve an on-sky system temperature
below 20 Kelvin. It is hoped that the low system temperature and increased field of view of the Rocket PAF over
the original mutlibeam receiver will reap significant scientific rewards in the fields of atomic hydrogen intensity
mapping, fast radio burst detections, and pulsar and spectral line surveys.

The prototype Rocket PAF (which is not cryogenically cooled), during initial testing at CSIRO’s Parkes Radio
Telescope. Photo by John Sarkissian, CSIRO.
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In recognition of its role in testing innovative new receiver systems, the SKA Organisation granted CSIRO’s iconic
Parkes Radio Telescope the status of SKA Pathfinder.

Report provided by the James Green
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Updates from the Science Working Groups
Pulsars
Main meetings/events from Sept 2016 until Nov 2016
Members of the SKA Pulsar Science Working Group (SKA-PSWG) have had various opportunities for meetings and
discussions during the trimester starting from September 2016. These include the following:
1) GRavitational-wave Astronomy Meeting in PAris (GRAMPA)
Paris, August 29-September 2, 2016
The workshop focussed on the physics and astrophysics of gravitational-wave sources for existing and future
terrestrial interferometers, pulsar timing arrays, as well as future space-borne missions. It also explored the
synergies of these experiments amongst themselves and with traditional electromagnetic astrophysics.

The affiche of the Grampa meeting in Paris
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2) EPTA meeting on Sardinia.
Cagliari, October 3-5, 2016
The members of the European Pulsar Timing Array (EPTA), most of whom are also members of the SKA-PSWG, met
in Cagliari to examine the progress of the ongoing projects and to plan future research on the way to SKA

The group picture of the EPTA Oct 2016 meeting taken at the Cagliari shoreline

3) 626. WE-Heraeus-Seminar: Neutron Stars: A Cosmic Laboratory for Matter under Extreme Conditions
Bad Honnef, October 26-29, 2016
The conference focussed on key questions in modern neutron star physics both from a theoretical as well as from
an observational perspective. It provided a forum for scientific exchange between the two communities with focus
on state-of-the-art results and future opportunities.
4) The First Pietro Baracchi Conference: Italo-Australian Radio Astronomy in the Era of the SKA
ARRC Building, Perth, Western Australia, 1-4 Nov 2016
This conference was designed to bring together Italian and Australian researchers in radio astronomy, to discuss
and explore existing and potential future areas of mutual interest. The meeting was open to all areas of interest in
radio astronomy (science, engineering, and computing), with an emphasis on those areas playing a key role in the
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era of the SKA, a project in which both Italy and Australia are founding members. In particular, perspectives for
Italian-Australian collaborations in pulsar science were widely discussed.

The group picture of the Baracchi Conference, taken in the garden in front to the ARRC building in Perth.

Publications related to the PSWG from Sept 2016 to Nov 2016
During the 3 months from September to November 2016, about 150 papers related to the subjects of interest for
the SKA-PSWG have been published, accepted and/or submitted to international refereed journals by the members
of the PSWG and their collaborators. In the following, we report a selection of some of the announced works.
a) Liu, K., Bassa, C. G., Janssen, G. H., Karuppusamy, R., McKee, J., Kramer, M., Lee, K. J., Perrodin, D., Purver, M.,
Sanidas, S., Smits, R., Stappers, B. W., Weltevrede, P., & Zhu, W. W. 2016, Monthly Notices of the Royal
Astronomical Society, http://adsabs.harvard.edu/abs/2016MNRAS.463.3239L Variability, polarimetry, and timing
properties of single pulses from PSR J1713+0747 using the Large European Array for Pulsars. This paper reports on
the single pulses from PSR J1713+0747 with data collected by the Large European Array for Pulsars (LEAP).
Understanding the variability of the single pulses is essential for estimating the fundamental limit on the achievable
pulsar timing precision, an important quantities for properly planning the timing observations with SKA.
b) Ridolfi, A., Freire, P. C. C., Torne, P., Heinke, C. O., van den Berg, M., Jordan, C., Kramer, M., Bassa, C. G.,
Sarkissian, J., D'Amico, N., Lorimer, D., Camilo, F., Manchester, R. N., & Lyne, A. 2016, Monthly Notices of the Royal
Astronomical Society, http://adsabs.harvard.edu/abs/2016MNRAS.462.2918R Long-term observations of the
pulsars in 47 Tucanae - I. A study of four elusive binary systems. Pulsars in globular clusters are very precious
targets for a variety of physical and astrophysical studies, even more when a cluster hosts many of them, like 47
Tucanae. This work deals with the results of the timing for 4 additional binary pulsars in 47 Tucanae. This southern
globular cluster is one of the primary targets for the first phase of SKA1 pulsar searches.
c) Clark, C. J., Pletsch, H. J., Wu, J., Guillemot, L., Camilo, F., Johnson, T. J., Kerr, M., Allen, B., Aulbert, C., Beer, C.,
Bock, O., Cullar, A., Eggenstein, H. B., Fehrmann, H., Kramer, M., Machenschalk, B., & Nieder, L. 2016, The
Astrophysical Journal, http://cdsads.u-strasbg.fr/abs/2016ApJ...832L..15C The Braking Index of a Radio-quiet
Gamma-ray Pulsar. The papers report on the discovery and timing of a radio-quiet gamma-ray pulsars in the list of
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pulsar-like unidentified Fermi-LAT sources. The latter list will also represent a target for future much deeper search
of radio pulsations with SKA and its precursors.
d) Shaifullah, G., Verbiest, J. P. W., Freire, P. C. C., Tauris, T. M., Wex, , Oslowski, S., Stappers, B. W., Bassa, C. G.,
Caballero, R. N., Champion, D. J., Cognard, I., Desvignes, G., Graikou, E., Guillemot, L., Janssen, G. H., Jessner, A.,
Jordan, C., Karuppusamy, R., Kramer, M., Lazaridis, K., Lazarus, P., Lyne, A. G., McKee, J. W., Perrodin, D., Possenti,
A., & Tiburzi, C. 2016, Monthly Notices of the Royal Astronomical Society,
http://adsabs.harvard.edu/abs/2016MNRAS.462.1029S 21 year timing of the black-widow pulsar J2051-0827. The
black widow pulsars are outstanding targets for studying the final phases of the binary evolution leading to the
formation of the so-called recycled pulsars. A deep investigation of these targets is very important in preparation
for SKA1, the much higher sensitivity of which will provide the opportunity to monitor their long-term and shorttime variations with unprecedented detail.
e) McKee, J. W., Janssen, G. H., Stappers, B. W., Lyne, A. G., Caballero, R. N., Lentati, L., Desvignes, G., Jessner, A.,
Jordan, C. A., Karuppusamy, R., Kramer, M., Cognard, I., Champion, D. J., Graikou, E., Lazarus, P., Oslowski, S.,
Perrodin, D., Shaifullah, G., Tiburzi, C., Verbiest, J. P. W. 2016, Monthly Notices of the Royal Astronomical Society,
http://adsabs.harvard.edu/abs/2016MNRAS.461.2809M A glitch in the millisecond pulsar J0613-0200. The paper is
based on data belonging to the first data release of the European Pulsar Timing Array (EPTA) project. A very small
glitch is shown to have occurred in a millisecond pulsar. It is found that accurately modelling the glitch does not
impact the timing precision for pulsar timing array applications; this is an important indication in the perspective of
using SKA1 as a gravitational wave detector.
f) Mereghetti, S., Kuiper, L., Tiengo, A., Hessels, J., Hermsen, W., Stovall, , Possenti, A., Rankin, J., Esposito, P.,
Turolla, R., Mitra, D., Wright, G., Stappers, B., Horneffer, A., Oslowski, S., Serylak, M., Grieszligmeier, J.M., 2016, The Astrophysical Journal, http://cdsads.u-strasbg.fr/abs/2016ApJ...831...21M A Deep Campaign to
Characterize the Synchronous Radio/X-Ray Mode Switching of PSR B0943+10 . The paper focuses on a “moding”
pulsar and confirms the synchronous X-ray/radio switching between a radio-bright (B) mode and a radio-quiet (Q)
mode, in which the X-ray flux is about a factor 2.4 higher than in the B-mode. X-ray pulsations during the B-mode
have been also discovered. The moding pulsars are primary targets for fully exploiting the synergies of SKA1 with
other future world-class instruments operating in the X-ray band.
g) Lam, M. T., Cordes, J. M., Chatterjee, S., Arzoumanian, Z., Crowter, K., Demorest, P. B., Dolch, T., Ellis, J. A.,
Ferdman, R. D., Fonseca, E., Gonzalez, M. E., Jones, G., Jones, M. L., Levin, L., Madison, D. R., McLaughlin, M. A.,
Nice, D. J., Pennucci, T. T., Ransom, S. M., Shannon, R. , Siemens, X., Stairs, I. H., Stovall, K., Swiggum, J. K., Zhu, W.
W., 2016, ArXiv e-prints, http://cdsads.u-strasbg.fr/abs/2016arXiv161001731L , The NANOGrav Nine-Year
Data Set: Excess Noise in Millisecond Pulsar Arrival Times. This work shows that the noise in timing residuals
exceeds that predicted for the pulse arrival time estimation for millisecond pulsars observed by the North
American Nanohertz Observatory for Gravitational Waves (NanoGrav) and characterize the excess noise using
variance and structure function analyses. These results are discussed in terms of detection of gravitational waves at
nanohertz frequencies, one of the major aims of SKA1.
h) Jaodand, A., Archibald, A. M., Hessels, J. W. T., Bogdanov, S., D’Angelo, R., Patruno, A., Bassa, C., Deller, A. T.,
2016, The Astrophysical Journal, http://cdsads.u-strasbg.fr/abs/2016ApJ...830..122J, Timing Observations of PSR
J1023+0038 During a Low-mass X-Ray Binary State. Transitional millisecond pulsars (tMSPs) switch, on roughly
multi-year timescales, between rotation-powered radio millisecond pulsar and accretion-powered low-mass X-ray
binary (LMXB) states. As such, they represent unique test-bed for the models of formation of the radio millisecond
pulsars and will be prime targets for SKA. This paper reports that the average spin-down rate of the neutron star in
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the LMXB phase is about 27% faster than the rate during the radio millisecond pulsar state, suggesting that the
pulsar wind continues to operate at a largely unmodified level in both states.
i) Weisberg, J. M., Huang, Y., 2016, The Astrophysical Journal, http://cdsads.u-strasbg.fr/abs/2016ApJ...829...55W,
Relativistic Measurements from Timing the Binary Pulsar PSR B1913+16, Highly relativistic binary pulsars, alike the
one in the focus of this paper, are primary targets for SKA1. The paper reports on the first successfully
measurement ever of two parameters characterising the Shapiro gravitational propagation delay in PSR B1913+16.
The time derivative of the projected semi-major axis has been also marginally detected. This is very promising: in
fact, with the enhanced capabilities of SKA1, this could lead to ultimately constrain the pulsar’s moment of inertia,
and then, in turn, the equation of state of fundamental matter.
j) Shannon, R. M., Lentati, L. T., Kerr, M., Bailes, M., Bhat, N. D. R., Coles, W. A., Dai, S., Dempsey, J., Hobbs, G.,
Keith, M. J., Lasky, P. D., Levin, Y., Manchester, R. N., Oslowski, S., Ravi, V., Reardon, D. J., Rosado, P. A., Spiewak,
R., van Straten, W., Toomey, L., Wang, J.-B., Wen, , You, X.-P., Zhu, X.-J., 2016, The Astrophysical
Journal, http://cdsads.u-strasbg.fr/abs/2016ApJ...828L...1S, The Disturbance of a Millisecond Pulsar
Magnetosphere Using data from the Parkes Pulsar Timing Array (PPTA), it is shown that a new component of
emission appears in the pulse profile of a millisecond pulsar, decays over four months, and results in a permanently
modified pulse shape. Similar profile variations could be the origin of timing noise observed in other millisecond
pulsars. It is discussed how the sensitivity of pulsar-timing observations to gravitational wave emission (a major
aim of SKA) could be increased by accounting for this variability.
k) Deller, A. T., Vigeland, S. J., Kaplan, D. L., Goss, W. M., Brisken, W. F., Chatterjee, S., Cordes, J. M., Janssen, G. H.,
Lazio, T. J. W., Petrov, L., Stappers, B. W., Lyne, A., 2016, The Astrophysical Journal, http://cdsads.ustrasbg.fr/abs/2016ApJ...828....8D, Microarcsecond VLBI Pulsar Astrometry with PSRp. I. Two Binary Millisecond
Pulsars with White Dwarf Using the VLBI technique, parallax and proper motion of two binary millisecond pulsars
have been measured. The authors show that the more precise VLBI values differ from those obtained by the pulsar
timing array projects by up to 5s. An imperfect modelling of the solar wind – relevant for the low ecliptic latitude of
the two examined pulsars - is indicated to be a likely candidate for the discrepancy. If confirmed by future
observations, the consideration of this effect will be an important ingredient for optimally planning the pulsar
timing observations with SKA.
l) Fonseca, E., Pennucci, T. T., Ellis, J. A., Stairs, I. H., Nice, D. J., Ransom, S. M., Demorest, P. B., Arzoumanian, Z.,
Crowter, K., Dolch, T., Ferdman, R. D., Gonzalez, M. E., Jones, G., Jones, M. L., Lam, M. T., Levin, L., McLaughlin, M.
A., Stovall, K., Swiggum, J. K., Zhu, W., 2016, The Astrophysical Journal, in press,
http://adsabs.harvard.edu/abs/2016arXiv160300545F,The NANOGrav Nine-year Data Set: Mass and Geometric
Measurements of Binary Millisecond Pulsars. This paper presents mass measurements for 14 pulsars, including 4
new Shapiro delay detections and refinements of several previously known masses. This project relates to the SKA
goal of determining the neutron-star equation of state.

Report provided by the Pulsars SWG
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Solar, Heliospheric & Ionospheric Physics
CESRA Workshop
The Solar and Heliosphere SKA Science Working Group had a special session at the Community of European Solar
Radio Astronomers
[CESRA, http://cesra.net] workshop in June 2016. The meeting had a special emphasis on the complementarity of
space-based and ground-based radio observations, and provided the community a place to discuss the exciting new
science opportunities that arise from, for example, the Solar Orbiter and Solar Probe Plus space missions to be
launched in 2018, and the radio observations with SKA, ALMA, E-OVSA, EVLA, LOFAR, MUSER, MWA.
The interesting workshop presentations feature in the current and the forthcoming CESRA highlights of Solar Radio
Physics.
The highlights are short communications written in language accessible to a non-expert in the specific area.
The highlights can be followed, discussed at:
https://twitter.com/CESRA_community
https://www.facebook.com/solarcesra/

Report provided by the Solar, Helio & Iono SWG
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The SKA Outreach World
SKAO Communications & Outreach Department Report
December is always a great opportunity to look back at the achievements from the last 12 months. One more time,
this year was another exciting one for the SKAO Comms Team, demonstrating the breadth of activities undertaken
by the team as well as the importance of the communications function to be at the core of the Project’s
programme. We will report here on the most relevant activities of the last few months, and encourage you to see
previous contributions to get a flavour of the initiatives we developed and implemented earlier in the year.
The SKAO Comms team has been heavily involved in the organization of our annual engineering meeting and our
bi-annual science conference. Both meetings were very successful and ran very smoothly, largely due to the great
support received from the LOC members and the excellent work performed by the Events Organising Committees.
We ran surveys after the 2 conferences to gauge the delegates impressions about the meetings, and the feedback
received was generally very positive. We’d like to thank all of those who did take the time to complete the surveys.
Many comments were very constructive and will allow us to raise the bar even higher in the future, for the benefit
of our community.

On the conference front, we reported on the Euroscience Open Forum (ESOF) conference at length in the previous
issue, and used it to demonstrate the huge impact one can have by embedding communication in the core of the
overarching project’s programme. In October, another critical conference in the SKA agenda, namely the
International Conference on Research Infrastructures (ICRI), was held in Cape Town, South Africa. Our colleagues at
the South African Department of Science and Technology (DST) were the hosts of the event, and made sure the SKA
was heavily featured in the programme. There were a number of plenary talks given by the wide-SKA leadership
and the SKAO Comms team also organised informal presentations at the SKA booth to allow SKA partners to
promote their activities. We also received the visit of the South African Science Minister Ms Naledi Pandor and the
EC DG for Research and Innovation Mr. Robert-Jan Smits as we were engaging with students at the SKA booth (see
photo below).
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The different initiatives listed above were of course a great opportunity to reinforce our relationship and engage
further with key stakeholders of ours, that is policy- and decision-makers, government representatives, industry,
the engineering community and the science community. Very fruitful discussions with these different groups
should shortly turn into various concrete actions, including the visual documentation and promotion of key science
and engineering results or milestones across the partnership. In particular, we’ve also discussed with relevant
stakeholders a number of initiatives to increase the level of engagement of the Science Working Groups in
communications activities. The SWGs will now report regularly on the main research and results in their fields in
this SKA eNews publication, with a view of showcasing the vitality and enthusiasm of the science community in the
‘Towards the SKA’ era. The science undertaken within the SWGs will also feature in the 2017 SKA calendar, that
many of you will have the pleasure to browse in the next few weeks.
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Another project we’d like to report on is one that has been developed by the Jodrell Bank Discovery Centre team,
in which the SKAO Comms team and many SKA engineers have put a lot of effort into. The 1-year project, funded
by the Royal Academy of Engineering, has been completed and one of the deliverables was the production of a
hands-on kit to explain the engineering behind the SKA. This great kit is now available for outreach activities and
can be supplied on demand to the international community. Get in touch with the
Last but not least, we’d like to end on a wonderful note. Our recently produced trailer video has won the European
Excellence Award in Public Relations in the category Corporate Film & Video. These awards take place every year
for each region of the globe and recognise outstanding achievements in our industry (communication and public
relations). We are of course very proud of having received such award, that we’d like to share with all our
colleagues at SKAO and partners around the world who contributed to it and transmitted their passion in such a
wonderful way.
We wish you all a brilliant festive season and look forward to new exciting SKA adventures in 2017.

Report provided by William Garnier, Director of Communictions, Outreach & Education

SKA South Africa Outreach Department Report
First Carnarvon High School Science Week a resounding success
Carnarvon High School continued SKA South Africa’s National Science Week celebrations when the school hosted
its first Science Week from 22-26 August 2016.
Educators from Carnarvon Primary School and Carnarvon High School arranged science activities for parents and
learners from both schools during this period, led by well-known former mathematics and physical science
educator in South Africa, Peter Glover.
Activities included a play about the water cycle featuring Carnarvon Primary School’s Grade 4-6 learners; a
“Carnarvon’s Got Talent Show” showcasing indigenous dancing and science-themed hip hop songs; a robotics
workshop and mini robotics tournament; a talk and virtual tour of the ATLAS experiment at CERN; general
knowledge quiz; science film festival; stargazing; and a visit to the SKA site at Losberg outside of Carnarvon.
The programme featured various content specialists, including Professor Tanja Karp, Associate Professor of
Electrical and Computer Engineering at Texas Tech University, University; the Inspired towards Science Engineering
and Technology (I-SETI) team from UNISA; Heather Gray, a South African particle physicist Steven Goldfarb, an
American physicist Giel du Toit, the mathematics advisor in the district.
SKA SA kicks-off Touwsrivier Mathematics and Science Mini Expo
SKA South Africa participated in the second annual Mathematics and Science Mini Expo, hosted by Touwsrivier
Primary School’s Mathematics and Science Club, in Touwsrivier, Western Cape from 22-26 August 2016.
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The Mini Expo is aimed at creating awareness among the local community on the benefits of mathematics and
science in a fun and educational way.
With a partial solar eclipse on 1 September, the team assisted 60 learners from De Kruine Secondary School and 30
learners from the Touwsrivier Primary School Science Club, to build their own cardboard pinhole projectors that
could be used to view the eclipse in a safe and affordable manner.
An enthusiastic audience of 150 parents, educators and learners at Touwsrivier Primary School, was also
introduced to SKA and MeerKAT, careers in radio astronomy, and bursary opportunities available through SKA
South Africa.
Carnarvon High School learners participate in World Robot Olympiad national finals
Three Carnarvon High School Grade 10 learners participated in the national finals of the World Robotics Olympiad
at the Tshwane University of Technology (TUT) on Saturday, 10 September 2016. Team Sharp Shooters from
Carnarvon High School, with team members Zainaldo de Bruin, Brandon Sawall, and Marida de Wee, competed.
The team competed in the Senior High category against teams from various other schools around the country,
namely Bokgoni Technical Secondary Schools (two teams), Crawford College Lonehill, Ferndale High School,
Grantleigh Schools, I-SET (two teams), Redhill High School, a home school team, as well as a private team.
“The team performed extremely well to reach the national level of the competition in their first year of entry,” says
Odwa Magabuka, an intern at the SKA South Africa Human Capital Development Programme. “Participation in the
Olympiad was also very beneficial to the learners in a variety of ways, from travel from home broadening their
horizons, to participation in the event allowing them to bring their experience in the competition back to the
Northern Cape.”
SKA South Africa celebrates World Space Week
SKA South Africa collaborated with HartRAO, IAU OAD, NASA, SAAO, various science centres and other science
engagement partners in South Africa, to host a programme of public events in support of 2016 World Space Week,
which was held from 4-10 October 2016.
SKA South Africa staff participated in a variety of collaborative events in Cape Town, including a motivational
lecture at the Cape Town Science Centre, a panel discussion on the First Thursdays American Corner programme,
stargazing at the SAAO’s International Observe the Moon Night 2016 event and the hosting of the MEDO Girls in
Space Bootcamp Prize-giving.
NASA Deputy Chief Technologist (Retired), Jim Adams also presented a series of public lectures at the Cape Town
Science Centre, Naval Hill Planetarium (Bloemfontein), SciBono Discovery Centre (Johannesburg), and SAAO (Cape
Town), and shared his experience of big science project management with students at the University of Cape
Town’s Space Lab as well as SKA South Africa staff.
SKA South Africa continued its 2016 World Space Week (WSW) programme when it hosted Adams on an outreach
tour of the Northern Cape from 10-14 October 2016. Adams visited Brandvlei Intermediate School, Carnarvon High
School and Williston Combined School, where he used actual NASA launch footage, photographs and data to take
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Grade 7-10 learners on a tour of the planets in our Solar System; create awareness of astronomy, MeerKAT and
SKA; and motivate learners to take mathematics and physical science as a subject at school.
The tour also visited Kimberley where Adams presented a lecture to Grade 8-11 high school learners from
Kimberley at St Patrick’s Christian Brother’s College, which introduced learners to telescopes around the world that
observe across the electromagnetic spectrum, and encouraged them to study science and apply for SKA bursaries.
Adams concluded his tour with a public lecture at the William Humphreys Art Gallery in Kimberley, which
demonstrated how astronomy and space science has inspired art, and included breath taking images from NASA’s
Earth as Art photographic exhibition and artworks from the SKA Shared Sky art exhibition.
The objectives of the World Space Week programme were to contribute to the public awareness, understanding
and appreciation of astronomy and space science by demonstrating how humankind is painting a picture of our
Solar System and the Universe using telescopes that observe across the electromagnetic spectrum, as well as how
big science is able to contribute to economic, social and environmental development.
SKA South Africa concluded its World Space Week celebrations with a programme of interactive radio astronomy
workshops presented at ScopeX Annual Telescope and Astronomy Expo in Johannesburg on Saturday, 15 October
2016.
Retired NASA Deputy Chief Technologist Jim Adams visits SKA South Africa
NASA Deputy Chief Technologist visited the SKA South Africa’s Cape Town office on Friday, 7 October 2016 for a
talk titled Five lessons learned from managing big science programmes.
Adams served in NASA’s Office of the Chief Technologist at NASA Headquarters, Washington, DC from 2012, where
he was responsible for the management of technology transfer and the innovation strategy across the entire
agency.
Spanning a career of 27 years and more than 30 flight missions, Adams said his five lessons are: actively manage
your resources; vigilantly hold to your requirements; use the tools that you have (but don’t be afraid to make up
new ones); learn from failure, celebrate everything; and that mission success is everyone’s job.
SKA South Africa participates in ScopeX Astronomy and Telescope Expo
SKA South Africa participated in the 2016 ScopeX Astronomy and Telescope Expo, held at the South African
Museum of Military History in Johannesburg, on 15 October 2016.
The expo is an annual outreach initiative developed to promote public interest in astronomy, telescope-making,
astrophotography and other related disciplines within Southern Africa. It also creates an opportunity for people
who have the same interest to meet and share their commonalities.
SKA South Africa was represented by staff members Nikhita Madhanpall and Thabo Nhlapho, who hosted an
interactive exhibition and presented the SKA South Africa’s “Colour by Number” and “Make your own
spectroscope” workshops to primary and high school learners attending the expo.

SKAO eNewsletter December 2016
www.skatelescope.org

76

The team engaged with the learners on topics such as black holes, the possibility of time travel, the mission to
colonise Mars, and the notion of using the SKA telescope to look back in time when the first galaxies were formed.
“The event provides a great platform to inform people about astronomy and the SKA,” says Madhanpall. “The
event was also extremely valuable to us as SKA staff, as it provides in situ science communication training for SKA
content specialists.”
Leading US radio astronomer visits Carnarvon High School
Learners from Carnarvon High School were led on a journey of discovery through the Universe by Professor Eric
Wilcots from the University of Madison-Wisconsin (UW Madison), when the American radio astronomer visited the
school on Thursday, 17 November 2016.
The interactive talk by Wilcots for Grade 9 and 11 learners at the school, started with a brief history of the
discovery of other stars and galaxies; demonstrated the size of our solar system, galaxies; and outlined why
MeerKAT will be the most sensitive radio telescope in the world.
Professor Wilcots fielded questions from learners about astronomy and the SKA for more than an hour after the
talk.
“I have never had a school learner ask me how we know our galaxy is a spiral galaxy, or whether I think a parallel
Universe exists. If this is an indication of the open minds being nurtured in Carnarvon, then the future of astronomy
and science in South Africa is bright indeed,” said Wilcots.
Wilcots believes that MeerKAT is well on its way to being a world-class radio astronomy observatory, and cannot
wait to use the telescope.
Prof Wilcots is Associate Dean: Natural and Mathematical Sciences and Professor of Astronomy at UW Madison, a
member of the LADUMA and MIGHTEE survey teams, serves on the South African Large Telescope (SALT) Board,
and makes regular appearances at Scifest Africa, South Africa’s National Science Festival.

Report provided by SKA SA
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ICRAR Report
ICRAR have been busy since September spreading the SKA message throughout Australia and the world with
significant media attention on our SKA and Precursor work, as well as public events for local Western Australians.
Latest Astronomy News:
World’s biggest telescope meets world’s second fastest supercomputer
A prototype for the SKA’s Science Data Processor was successfully run on the second fastest supercomputer in the
world with the help of ICRAR’s Data Intensive Astronomers. China’s Tianhe-2 ran the test software that will one day
process the data from the SKA’s Central Signal Processor. More information.

Chinese Supercomputer Tianhe-2. Image Credit: Prof. Yutong Lu.
Australian technology installed on world’s largest single-dish radio telescope
The recently inaugurated FAST telescope is now running ESO and ICRAR developed software for its archiving needs.
Launched in September, China’s FAST uses the data system NGAS (Next Generation Archive System) which is also
used by SKA Precursor the Murchison Widefield Array, telescopes at the European Southern Observatory, and the
US National Radio Astronomy Observatory. More information. Image: The Five-hundred-metre Aperture Spherical
Telescope (FAST) in the southwestern province of Guizhou.
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Prof. Andreas Wicenec/ICRAR.
SKA precursor telescope views sky in radio technicolour
The Murchison Widefield Array (MWA) has completed an amazingly detailed low-frequency survey of the Southern
Sky. GLEAM, as the survey is known, produced a catalogue of 300,000 galaxies as well as some stunning new
imagery of the sky in radio wavelengths. The GLEAM view of the sky can be explored through the ‘Gleamoscope’
online, and animations and videos of the GLEAM survey are found at the More Information link below.

More information. Image: A ‘radio colour’ view of the sky above a ‘tile’ of the Murchison Widefield Array radio
telescope, located in outback Western Australia. Credit: Radio image by Natasha Hurley-Walker (ICRAR/Curtin) and
the GLEAM Team. MWA tile and landscape by Dr John Goldsmith / Celestial Visions.
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Perth astronomy community hosts Italo-Australian joint conference

Astronomers from around the globe came together in Perth recently for the first Petro Baracchi conference on
Radio Astronomy in the era of the SKA. The Perth Astronomy community played host to the meeting, including
CSIRO-CASS, SKA Australia and ICRAR.
More information.
Outreach Update:
The ICRAR Outreach team has had a busy few months, wrapping up after Australia’s National Science Week in
August through to evening events in regional Western Australia and a tour of our local Astrophotography
Exhibition.
Pingelly Astrofest
A miniature version of our annual event in Perth, Pingelly Astrofest was held about 200km inland from Perth in mid
September. A strong local farming community came out to enjoy the stunning night skies and learn more about the
SKA from the ICRAR team. The Astrofest Astrophotography Exhibition was also on display, featuring images from
Western Australian astrophotographers.
Astrofest Astrophotography Exhibition
The annual Astrofest Exhibition is in its 7th year in 2016, and this time around features over 30 stunning images of
Deep Space, Night Landscapes and of course the Sun and Moon. The exhibition has toured across regional WA in
September and October, visiting Geraldton, the Reid Library in Perth, and the small town of York. The exhibition
has also been accompanied by antennas from the Murchison Widefield Array and a life-size model SKA-low
antenna.
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'The Large Cloud of Magellan' by Andrew Lockwood, Best Astrophoto prize winner in this year’s exhibition.
‘The Journal’ launches internationally
ICRAR was proud to sponsor the translation of the Dutch children’s novel ‘The Journal’ for an Australian audience,
and participate in the Southern Hemisphere launch in Perth. ‘The Journal’ follows the adventures of a group of
children through the world of radio astronomy, tying directly into the SKA project as well as the connection
between Australia and The Netherlands.

Dr Jan Geralt bij de Vaat reads a passage from the novel to an audience of local students during the launch.

Report provided by the ICRAR
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CSIRO Astronomy and Space Science Outreach Report
Pia Wadjarri Students Visit the MRO
CASS astronomers Karen Lee-Waddell and Craig Anderson, accompanied by Education Specialist Rob Hollow and
Indigenous Liaison Officer Leonie Boddington visited the Pia Wadjarri Remote Community School in October. They
spent the day working with students on a range of astronomy activities plus some solar viewing. The students made
model radio telescopes, learnt more about how they work and about how Karen and Craig became astronomers and
what they do. The day finished off with everyone tasting the ‘Roo Ragout that the students had been slow cooking
since the previous day – a tasty end to a packed day.
On the following day the students and staff from Pia visited the Murchison Radio-astronomy Observatory (MRO) for
their annual visit. There they explored the control building, toured the Australian SKA Pathfinder (ASKAP) antennas
before a tasty lunch. They then visited the Murchison Widefield Array (MWA) before departing back to Pia.

Dr Karen Lee-Waddell helping Pia Wadjarri Remote Community School students observe the Sun safely.
Credit: R. Hollow)
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Pia Wadjarri remote Community Schools students displaying their model SKA antennas in front of an ASKAP
dish. Credit: R. Hollow
CASS/SKA SA Undergraduate Vacation Scholarship Program Commences
CSIRO Astronomy and Space Science and SKA South Africa have established a new collaborative scholarship
programme to enable South African university students to visit Australia to work on research projects under the
supervision of CASS staff over the summer. The first successful scholars, Tokiso Motoai from Free State University and
Katherine James from Rhodes University arrived in Sydney in early December to start their scholarship programme.
Tokiso is working with Dr George Hobbs on “Parkes and MeerKAT synergies for pulsar observing” whilst Katherine is
working with Professor Ray Norris on “Using Machine Learning to get science from ASKAP.” In addition to their
working on their project the scholars will participate in all the other activities of the well-established CSIRO
undergraduate vacation scholarship programme for Australian students. These include background lectures on a
diverse range of radio astronomy observing, instrumentation and engineering talks plus an observing trip to the
Australia Telescope Compact Array in Northern NSW where each group will tackle an observing task of their choosing.
All the students will present talks at the student symposium in February 2017.
This new programme provides a wonderful opportunity for students from South Africa and Australia to meet,
collaborate and develop new skills and networks.
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Katherine James and Tokiso Motoai, the first CSIRO/SKA SA Undergraduate Scholars. Credit: R. Hollow
Report provided by the CSIRO

UK Outreach Report
Royal Observatory Edinburgh Open Door Event
The historic Royal Observatory Edinburgh opened its doors to the public during September, showcasing the exciting
science and engineering projects being carried out there. Nearly 4,000 people attended the two-day event in
Edinburgh as part of the city-wide ‘Doors Open Day’.

Photo courtesy of STFC
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Adults and children alike were inspired by the science and engineering behind the SKA, as they got to grips with our
new interactive SKA exhibit featuring models of the SKA dishes and antennas, and built their own models of the
SKA dishes out of Lego. Scientists and engineers working on the design and construction of the SKA were on hand
to answer questions and explain how the SKA will revolutionise our understanding of the Universe.

Photo courtesy of STFC
The event capped a successful summer of engagement in the UK that included the Bluedot Festival at Jodrell Bank,
the Daresbury Open Week, Astrotram and the indigenous art-astronomy Shared Sky exhibition as part of the Euro
Science Open Forum (ESOF) in Manchester.
Physics Industry Days at UK Universities
The University of Manchester and University of Oxford are both playing significant roles in the design and
construction of the SKA. Both Universities recently held Physics Industry Days providing an opportunity to
showcase their world-leading research to representatives from the industrial sector, including the innovative work
being done within the SKA design consortia.
The University of Manchester
The School of Physics and Astronomy at The University of Manchester hosted an Industry day in July 2016,
organised by the School’s Technology Translation Fellow, Dr Alick Deacon. Around 50 representatives from local,
national and international businesses, covering areas from engineering to software development, participated in
the event. Talks from senior academics within the School were followed by case studies, where current industrial
partners were able to provide their own experiences of collaborating with the University.
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University of Manchester, School of Physics and Astronomy Industry Day Photo courtesy of University of
Manchester
After lunch, an area allocated to the SKA allowed industrial representatives to meet some of the main academics
and researchers involved with the project. Presentations outlining the opportunities for industrial collaboration,
including both hardware and software requirements, were combined with posters and animations providing
further information. Senior staff from the University, including Professor Keith Grainge who leads the Signal and
Data Transport (SADT) consortium, and Dr Anna Scaife who leads the University of Manchester work on the
Imaging pipeline for the Science Data Processor (SDP), were on hand to provide further details and contact
information for interested industry partners.
The University of Oxford
More than 60 representatives from businesses across the UK attended the Oxford University, Department of
Physics Industry Open Day in September 2016, organised by the Senior Knowledge Exchange Facilitator, Dr Phillip
Tait. Participants were given the opportunity to tour the Department’s Facilities and workshops before receiving a
series of keynote talks from senior staff within the Department.
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Delegates at the 2016 University of Oxford, Physics Industry Day Photo courtesy of University of Oxford
A Research and Technology Showcase event allowed the Industry delegates time to network with academics and
students and to explore avenues for future collaboration. The Square Kilometre Array was featured within the
Showcase event, with posters showing the various aspects of the SKA design and development that Oxford staff are
involved in. Delegates had an opportunity to put their questions to the engineers and scientists who are designing
the SKA, including Dr Aris Karastergiou, who is leading the University of Oxford work on the Non-Imaging
Processing for the Pulsar Search and Timing element of the SKA.

University of Oxford, Physics Industry Day- Showcase Event Photo courtesy of University of Oxford

Report provided by Hilary Kay, UK SKA Outreach Officer
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News from Observer Countries
News from Japan
SKA-JP Joint Science Working Group Meeting “Cosmic Magnetism”
The Domestic SKA-JP workshop of “Cosmic Magnetism” was held by members of the Science Working Groups of
Pulsar, Transient, Interstellar medium, and Cosmic Magnetism at a hot spring resort in Zao, Yamagata from 27-29
November.
Thirty-six participants got together from all over the country and there were 23 talks and 5 poster presentations.
The programme consisted of sessions on Pulsar, Transient, Cluster of Galaxies, Galaxies, interstellar medium, and
Faraday Tomography. We had six invited speakers, who presented overview of recent results on individual
scientific fields. In the pulsar session on the first day, Shimpei Shibata from Yamagata university presented an
overview of pulsar studies and introduced a great variety of pulsar observations, and there were also discussions
on gravitational waves and pulsar observations with telescopes in Japan. Kei Kotake, from Fukuoka University, gave
a talk on the recent study of supernovae and showed that the important parameter of the explosion is the
compactness which is the ratio of mass to radius of the progenitor. Tomonori Totani from University of Tokyo
reviewed one of the recent hottest topics, Fast Radio Burst (FRB), and participants discussed its origin and the
possibilities of future research using the SKA and its precursors. Kengo Tachihara from Nagoya University talked
about the latest research on the interstellar medium and magnetism. In addition to the scientific talks, there were
data reduction tutorials of radio polarisation and radio pulse on the first day. Most of the participants spent
enjoyable evenings staying in dormitory-type rooms and having frank discussions.

Figure1: SKA-JP Joint Science Working Group Meeting “Cosmic Magnetism”.
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SKA-JP Engineering Regional Workshop in Kagoshima
SKA-JP Engineering Working Group is organising the SKA-JP engineering regional workshop, which will be held in
Kagoshima University at Kagoshima prefecture on the 17th December 2016. Though scientific activity towards SKA
era has greatly increased in Japan, engineering activity related to the SKA has not been enough yet. This workshop
will aim to kick off to discuss what is the possible engineering contribution to the SKA that can come from Japan.
The workshop will consist of several invited presentations and contributing talks from academic institutes as well as
industries. All speakers are also requested to prepare their posters, with which the organisers encourage
participants to have face-to-face discussions in coffee break time. It is also planned to discuss how Japan can take
part in the engineering development of the SKA project. In this regional workshop, we focus on synergies between
Department of Science and Department of Engineering in universities, as well as with regional industries.
SKA-JP Science Workshop on galaxy evolution and cosmology
The Japanese SKA workshop on galaxy evolution and cosmology on 7-9 January will be held at Aso, Kumamoto,
Japan. This is the fourth workshop on this particular science theme, which began in 2013 and has been coordinated
by the SKA-Japan sub-science group on galaxy evolution and cosmology (chair: Kenji Hasegawa, Nagoya University).
Main topics of this workshop include galaxy formation and evolution, active galactic nuclei, first stars and galaxies,
Epoch of Reionization and cosmology. Recently the group joined the Murchison Widefield Array (MWA) project and
formed the MWA-Japan consortium. Thus, our study with this “SKA 0” has already begun and one of the foci is the
report of our initial activities with the MWA and the discussion of the future plan considering both the SKA and
MWA. Another focus is the potential of the synergy between the SKA (MWA) and facilities of other wavelengths
such as Subaru, ALMA, KAGRA and TMT, including an ongoing synergy project between the MWA and Subaru on
the study of Epoch of Reionization. In order to stimulate the discussion and expand the SKA-Japan consortium, we
will invite speakers from a broad range of Japanese astronomical community.

Report provided by Hiroyuki Nakanishi, Kagoshima University

News from Spain
European Researchers Night
Last September 30th, the “European Researchers Night” was celebrated in most of the European countries. It is a
public outreach event in which researchers explain their Science projects to a general public. This year, this
initiative was a real success in Granada. From noon up to late in the evening, more than 14,000 people attended a
large number of public talks, outreach activities for all ages, scientific demonstrations, and much more. This
magnificent event was a great opportunity to show the scientific activity developed in the research institutes of a
city like Granada.
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The Instituto de Astrofísica de Andalucía (IAA-CSIC) coordinates the Spanish involvement for the SKA. The
researchers night was a perfect occasion to explain the Spanish activities related to the SKA project. Two talks were
given by Manuel González (IAA), who explained that Spain is currently participating both in the SKA Science
Working Groups and at the design tasks of the SKA through more than twenty companies and research institutes,
which are contributing to seven out of the eleven design consortia of the SKA. People were very interested in such
a big project.
Apart from that, the IAA-CSIC had its own stand. Five roll up banners about the SKA were also exhibited during the
whole event. Two of them explained what the SKA is, and what is the Spanish participation within the project. The
remaining three showed reproductions of some of the pieces of art of the Shared Sky exhibition, the indigenous art
exhibition created by the SKA Organisation.
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i-Link
The IAA-CSIC has been funded by the call i-Link, from the Consejo Superior de Investigaciones Científicas (CSIC), the
Spanish National Research Council. This call is created to promote scientific collaboration and networking between
CSIC teams and foreign research centres. The name of the funded project is “SKA-Link: combining knowledge to
pioneer Big-Data solutions for SKA Data Centres”, and it will be running between 2017 and 2018. It will serve for
the CSIC team to establish a collaboration between SDP members, including those designing SKA Regional Centres,
the European groups developing leading-edge e-Science technologies, and Fujitsu Laboratories of Europe,
connecting up to a total of 11 groups.

Report provided by Manuel Gonzalez (IAA-CSIC)

News from France
The SKA-France coordination
The SKA-France coordination was set up in the summer 2016 jointly by the Institute for Earth Sciences and
Astronomy (CNRS/INSU), Paris Observatory, Côte d’Azur Observatory, Bordeaux University and Orléans University.
SKA-France has the specific responsibility to prepare and coordinate the French contributions to the international
SKA Project in the period before the SKA construction phase. This includes the communication of technical,
strategic, and political information amongst all the SKA participants in France.
The structure of SKA-France is based on:






a Board of Directors, made up of the directors of the institutes mentioned above, the Programme Officer
responsible for SKA at CNRS/INSU and the Industrial Liaison Officer at CNRS/INSU. The Board is responsible
for the strategic coordination of activities related to SKA between the various institutes involved in France;
a National Coordinator, who presides over the SKA-France Advisory Committee (see below) and
coordinates the scientific, technical and industrial French contributions to SKA. The Board of Directors
appointed Chiara Ferrari (astronomer at the Observatoire de la Côte d'Azur) as the SKA-France Coordinator
for a mandate of 3 years, beginning 1st July 2016;
an Advisory Committee, made up of the SKA-France coordinator, a representative of French laboratories
already involved in SKA developments, the director of the CNRS Action Spécifique SKA-LOFAR and the CNRS
Industry Liaison Officer. The Committee’s main aim is to facilitate the communication between the
various scientific groups working in France on SKA.

SKA-France web page and monthly bulletin
Detailed information about the objectives and organisation of SKA-France, as well as events and news can be found
at the SKA-France web page (whose home page is shown in the following image).
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Starting from October 2016, a SKA-France bulletin is published every month, which is intended to keep the
community updated about the development of the SKA project, the advancements of the SKA-France coordination
and upcoming events.

Scientific and technological workshops
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A First SKA French Industry Day was organised in Nice on December 2015 (see
http://newsletter.skatelescope.org/wp-content/uploads/2015/12/SKA-eNews-edition-30-december-2015-1.pdf).
Since July 2016, SKA-France has started to organise focused industrial and technological workshops, whose main
results are presented in detail on the SKA-France web page and very shortly summarised in the following:






First SKA-France High Performance Computing Workshop (July 1st, 2016; CNRS Headquarters)
First SKA-France Image Processing Workshop (September 8, 2015; ENS Cachan)
Second SKA-France High Performance Computing Workshop (September 9, 2016; CNRS Headquarters)
First SKA-France Energy Workshop (September 15, 2016; CNRS Headquarters)
Second SKA-France Energy Workshop (October 17, 2016; CNRS Headquarters)

Companies that have participated at the First SKA French Industry Day (December 12, 2015; Nice) and at
the SKA-France meetings.
Imaging Processing & HPC
The French astronomical community has an expertise developed over many years in signal processing domain,
widely exploited by observational projects in different parts of the electromagnetic spectrum. In recent years,
unique algorithms have been conceived for radioastronomical interferometric data (calibration, imaging,
deconvolution). Through our workshops, we have set up three working groups (Co-design; Parallelisation; Proof of
concept) that will allow the collaboration of French researchers working on algorithm conception with main HPC
companies, interested to exploit the largest global big-data challenge offered by the SKA.

SKAO eNewsletter December 2016
www.skatelescope.org

93

Participants to the second SKA-France High-Performance Computing Workshop (Paris, September 9, 2016)
Energy
French companies play a leading role worldwide in the domain of green energy production, with important
collaborations, in particular, with South Africa. Two workshops on this theme has allowed us to set the stage with
the main French companies of the field. We have presented the SKA project, as well as its needs and possible
issues related to energy production and, above all, storage in the South African and Australian deserts.
SKA highlight about the image processing work developed in France
The SKA Organisation has published a highlight about state-of-the-art algorithms developed in France on November
10, 2016, during the SKA 2016 meeting in Goa, India.
French teams from Observatoire de Paris, Observatoire de la Côte d’Azur, AIM Laboratory, ENS Cachan and
Université Paris X are actively working on new generation algorithms for calibration and deconvolution of radio
astronomical observations.
In collaboration with international teams from SKA South Africa and LOFAR Surveys, these algorithms have very
successfully being applied to SKA precursor and pathfinder observations, allowing to get “super-resolution” maps
of the observed radio sky, as well as a calibration strategy which is equivalent of adaptive optics for radio
astronomy.
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Results of classical (left) and new generation direction-dependent calibration (right; Tasse et al.) on a small
portion of the so-called « Bootes field » observed for 8 hours with the LOFAR telescope at 150MHz (data
courtesy: LOFAR Surveys, Röttgering et al.
The image above shows one of the results presented in the recent SKA highlight, for which full information are
provided at the following links:




The press release diffused by SKAO
The SKA Highlights web page
A video interview of the SKA-France coordinator

Report provided by the Chiara Ferrari
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