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Editorial from the Director-General
Dear Colleagues,
In the previous edition of eNews I reported that the SKA Board
had asked the SKA Office extend its ongoing effort to deliver a
transformational SKA1 within the agreed cost-cap of €674M
(2016 euros) by commissioning a specific ‘cost-control’ project
with the aim of reporting to the Board in March 2017. In doing
so we were asked to explore the possible use of pre-cursor
technology and to minimise the impact on scientific capability
and on the overall project schedule.
Since that time there have been two significant happenings.
First, the long-planned ‘deep dive’ on the cost estimates
delivered by the SKA1 design consortia took place in February.
In response to the focus on cost reduction, and as part of the
long-term cost reduction strategy of the project, I was very
pleased to see that the updated SKA1 baseline design
construction cost estimates were €89M below the November 2016 estimate and now stand at €829M.
This number includes ~20% contingency. The reduction was due to a general improvement in the
maturity of cost estimates, primarily through the involvement of industry. In addition, a large fraction
of the reduction arose from the Science Data Processor consortium’s implementation of a phased
capability model, which will deliver computing capability matched to the evolving capability of the
SKA itself. I am hopeful that the baseline design cost estimate will continue to reduce.
The second aspect was the generation of a paper for the Board built on an enormous amount of work
by SKA Office staff, consortia members and other across the project, with advice and guidance from
the Science and Engineering Advisory Committee and the science representatives on the Board, the
latter having been designated the Cost Update Sub-Committee (CUS). The paper outlined various
scenarios aimed at delivering options for cost reduction; this built on the investigation of a large
number of options. After the advice mentioned above, I recommended to the Board that we pursue the
cost reduction work based on detailed investigations of options which a) minimised science impact,
and b) explored the technical advantages of some specific technology choices (e.g. analogue vs digital
beam-forming for SKA1-low; correlator architectures for SKA1-mid, and more).
The recommendation was accepted by the Board, which took comfort in the project’s ability to deliver
a superb telescope within the cost cap. The Board also noted that several countries are considering
joining the project in the future; such new partners would bring in welcome additional funds which
would mean that some options would not need to be implemented.
The SKA Office is now forming so-called Resolution Teams, with external experts, to undertake the
engineering evaluations of a small number of key technology options; and science assessment groups,
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also with external experts, to study the potential science impact of a small number of options. In
addition to this we are organising a Science Town Hall in mid-May to inform the SKA science
community of the process and to discuss the broader science impact of the options. Attendance at the
Town Hall is being organised through the Chairs of the SKA Science Working Groups.
Then, in June, the annual all-hands SKA Engineering meeting will take place in Rotterdam, with
discussion of the implication of the cost reduction exercise. I note that, at the time of writing, there are
over 140 people already registered, which bodes well for an excellent turnout.
I thank all involved in what has been an intense period of work over the last 4 months in developing
the cost reduction options. We have identified a route to constructing SKA1 at the cost-cap; I look
forward to working closely with the community, and interacting with you at the various meetings
coming up, as we plan the final steps of the design process.
I hope you enjoy this edition of the SKA eNews.
Professor Philip Diamond, SKA Organisation Director-General.
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Reports from the Consortia
Central Signal Processor

Design of the SKA Central Signal Processing (CSP) Element
Who are we?
The “Central Signal Processor” (CSP) Consortium is comprised of 13 signatories from 8 countries with
more than 10 additional participating organizations. The Consortium includes a rich mixture of
engineers, scientists and managers from various academic institutions, industry and government labs
spread over 5 continents (see https://www.skatelescope.org/csp/ for more details). As might be
expected, it has been a challenge to proceed efficiently with such a diverse and distributed team.
The lead organisation of the Consortium is the National Research Council of Canada (NRC). NRC has
contracted MDA Systems Ltd. (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 November the CSP team has completed another round of costing
and has been updating the ICDs and progressing the requirements to support the System PDR and to
pave the way to CDR. In addition, the team has supported the Cost Control Project initiatives providing
suggestions for cost savings and evaluating the impacts of various scenarios.
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 finalizing the Level 1, 2, and 3
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requirements that are required for the efficient progression to CDR. It is unclear how the Cost Control
Project will impact the the path 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 subelements. 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)
Low.CBF held two face to face workshops during the past quarter: the Convergence Workshop and the
Firmware Costing Workshop. The Convergence workshop was held from 7 to 14 December 2016 in
Penticton, Canada. This workshop focussed mainly on architectural convergence – what does the
hardware look like and how does it connect. There was much discussion on the hardware
specifications (LRU, cooling, subracks), on what will be prototyped and the updates to be made to the
Prototyping Plan for TIM#5 submission. With the pre-CDR milestone looming in the next quarter it
was an opportunity for the team to review the status of our detailed design, with the goal of assigning
sections to different team members, drafting up initial content or updating existing content and
reviewing with the wider team. We paid a visit to our Mid.CBF colleagues at DRAO and participated in
a fun tour of their facilities in snowy -13 degree conditions (Figure 1).
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Figure 1: The Low.CBF engineering team in front of the CHIME telescope at DRAO.
A second workshop specifically on Firmware was held at ASTRON, our Dutch collaborators’ site in
Dwingeloo. Together the team wrote up the specifications of all 68 firmware modules in the system
and estimated the time required to design, test and integrate each of them into the system. It was an
interesting exercise to see each other’s strengths and weaknesses but in general the estimate
variations were relatively small. The team submitted a new costing for the sub-element in which we
reduced costs by about 25%. The week was finished off by participating in a sub-element cost review
with CSP leads before the Australian team members had to rush off to catch their plane back home.
Early this year the Perentie Gemini Proof of Concept board also arrived and the testing of the highspeed optics and FPGA power consumption is well underway (Figure 2).
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Figure 2: Perentie Gemini proof of concept board under test
In the coming quarter the Perentie team is focussed on putting together the detailed design document
as well as continuing hardware, mechanical, firmware and software prototyping activities required to
support the sub-element CDR. Systems engineers keep abreast of ongoing requirements reviews, ICD
updates and operational document deliverables. Management attends the weekly PMO telecons and
forums to ensure that the Low.CBF team stays on track and meets the deadlines for its contribution to
the CSP element CDR.
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). The Mid.CBF team has spent the
past quarter focusing on progressing CDR deliverables and prototyping activities on the following
fronts:






Firmware design to progress high risk areas of firmware development
o Excellent progress made on implementation of X-Part correlator and PSS beamformer.
Monitor and Control Software running on embedded processors
o TANGO successfully running on Arria 10 embedded processor
o Significant progress made on Linux underlying drivers for M&C of FPGA IP blocks and FPGA
configuration
o TANGO devices and GUIs under development to complete M&C software stack.
Hardware design of TALON-SX LRU (Stratix 10 FPGA board)
o Schematic and component placement complete
o Board routing in progress
Mechanical/thermal modelling and design work
o Many scenarios evaluated for liquid cooling using HFE7000 or water as facility liquid.
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The Cost Control Project being undertaken by SKAO prompted the Mid.CBF team to develop an
unsolicited proposal to significantly reduce the cost of Mid.CBF without impacting any key science
capabilities of the Mid telescope. The “Frequency Slice Approach” design presents a significant
reduction in the complexity of firmware and the amount of hardware required and results in cutting
the cost of Mid.CBF nearly in half. This is achieved by reducing some of the commensal observation
requirements and some of the sub-array flexibility. This new approach was discussed with key SKAO
stakeholders at a meeting in Manchester in early March. Support was given to proceed with an ECP,
which is currently in progress.
Work has been progressing rapidly on how to adapt the hardware platform under development for
the “Frequency Slice Approach” and the system design is converging with a focus on cost and risk
reduction. Areas currently under investigation include:




Use of DDR4 instead of on FPGA High Bandwidth Memory in order to use FPGAs that are currently available.
The reduced hardware required for the “Frequency Slice Approach” may allow the power density to be
reduced to the point where air cooling is a feasible solution.
Packaging of FPGA boards to mitigate EMI/EMC risks.

These investigations will conclude in the next month and the system design will converge so that the
Mid.CBF team can move full speed ahead to the upcoming sub-element CDR.
Pulsar Search Engine (PSS)
The Pulsar Search Engine is a large sub-element of the CSP used to search for pulsars and fast
transients that will have almost identical instances for both SKA MID and 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.
In the last few months we have been concentrating on preparation of the pre-CDR documentation
pack. Alongside that we have been supporting the Cost Control Project and we have worked with the
SKAO to work from a new baseline for our design which supports the processing of three PSS beams
per compute node, instead of the previous two. This has been possible because of the detailed
algorithm and prototyping work that we have been doing, which has allowed us to improve the
processing efficiency and data throughput. This will also result in reduced cost and power
consumption.
Work is also continuing apace with the prototype, protoNIP. Tenders were let for both the servers
with GPUs and the FPGA boards and suppliers were chosen in early March. The hardware is currently
under construction and will be delivered soon. This will be very good timing as it will provide further
direct input from a reasonable scale version of the PSS hardware to support our design work and for
improved power measurements. It has also provided invaluable information on the tendering,
procurement, delivery, and soon installation, aspects of our design.
Work has also continued on the development of our test vector machine. A second server has been
purchased which will be used to simulate the distribution of the data in real time, while the other
servers, and protoNIP-like nodes will be used to capture and process it. The hardware has all been
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delivered and once the pre-CDR deadline is out of the way we will be setting up the system and using
it for further testing of the algorithms and designs.
Pulsar Timing Engine (PST)
The Pulsar Timing Sub-element (PST) will perform high-fidelity, high-precision timing observations of
known pulsars for both Low and Mid telescopes. The primary computational task performed by this
instrument is phase-coherent dispersion removal, which requires performing many large Fast Fourier
Transform operations in real time. The PST 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 December, Adam Deller joined the PST design team and will help to coordinate our
efforts at Swinburne. Adam is the originator of the DiFX software correlator that has been widely
adopted by the VLBI community. In addition to extensive software development experience, he brings
leading expertise in pulsar astrometry to our team. In March we applied to Round 2 of the Australian
SKA Pre-construction Grants Program to continue supporting our work toward Critical Design Review.
Path to CDR
Overall, the CSP Consortium has made good progress since December. The focus is to “freeze” the
requirements and ICDs to support efficient progression to sub-element CDRs followed by element
level CDR. This is very dependent on the outcome of the Cost Control Project. Nevertheless, the team is
focussed and working hard to meet the deadlines.
Report provided by the CSP consortium
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Low-Frequency Aperture Array

Overview
The Aperture Array Design and Construction Consortium had a productive period with successful
milestone achievements and a good ramping up to the production and roll-out of the Aperture Array
Verification System (AAVS1), a 400-antenna 4-station system, which will be the ultimate LFAA test
platform.
LFAA Antenna Progress: a new Antenna Design

We have now realised the design of SKALA-3. With minor modifications in the input network of the
LNA and the size of the bottom dipole of the antenna we have improved the passband smoothness of
SKALA by removing sharp spectral features that could potentially impose a constraint in the calibration
of the passband for the 21-cm cosmology experiments (Cosmic Dawn and Epoch of Reionization). We
have measured the resulting design using local low-order polynomial fits over different bandwidths as
well as against the metric used for the Delay Spectrum technique used by the precursor HERA.
More information can be found in de Lera Acedo et al. 2017 (submitted to MNRAS,
https://arxiv.org/abs/1702.05126)) and in Trott et al. 2017 (submitted to MNRAS). SKALA-1, -2 and -3
have been specifically designed to meet the SKA L1 requirements across the full frequency band: 50350 MHz, including sensitivity, cross-polarisation, etc. We can, however, compare its passband
smoothness to that of antennas designed for other EoR experiments/telescopes with different
capabilities, bandwidths, design requirements/strategies and metrics e.g. HERA and the MWA dipole.
This is done in the 2 aforementioned papers showing similar or better performance of the SKALA-3
antenna in the bandwidths used for the comparison. SKALA-3 also fulfilled the requirements derived
by Trott in a 2016 paper (https://arxiv.org/abs/1604.03273).
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Figure 1. First prototype of SKALA-3 at Lords Bridge, Cambridge, UK (left and centre). Ready for testing.
On the right, the arms of SKALA-3 and SKALA-2 compared.
The Aperture Array Verification System, AAVS1
Production SKALA2

The plastic parts of the pyramids were fabricated using injection moulding techniques. The metal parts
were fabricated using low-cost wire bending techniques and they were coated for protection against
the weather in Western Australia. The LNAs were fabricated and tested by a local company (see Figure
2). Furthermore, the pyramids (pre-assembled with the RFoF modules and Hybrid cables in Italy) were
assembled (see Figure 3.) and tested by the same local company and were shipped direct to Western
Australia.

Figure 2. AAVS1 LNAs being tested by an engineer from a local company.
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Figure 3. The trumpets were labelled appropriately to ease the assembly and deployment process.
Roll out first batch AAVS1

During a 10-day installation campaign from 13 to 22 March, an international team of engineers from
Australia, Italy, Malta, the Netherlands, and the United Kingdom installed 96 prototype SKALA2
antennas, along with the Tile Processing Modules (TPMs) and related firm and software at the
Murchison Radio-astronomy Observatory in outback Western Australia, the hosting site of the
Murchison Widefield Array, MWA.
Apart from a few ongoing engineering questions, the site-trip was considered a success and many
lessons were learned towards the next AAVS1-deployment, as well as towards SKA1-low.

Figure 4. AAVS1 opening ceremony.
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Figure 5. Group picture of AAVS1 MRO team, in front of the 96 deployed antenna assemblies.

Figure 6. TPM subrack assemblies (four in total) deployed at the MRO CPF, including required
peripheral equipment.
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Initial test results of the 40-antenna subarray

Figure 7. Frequency response of 40 AAVS1 signal paths. System performance as expected, although a few
channels seem to have lower power response.

Figure 8. Incoherent beam (summation of individual antenna power) of 16 antennas, showing increase in
received power, as the Galaxy passes through the main beam. No calibration was applied.

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 costeffectiveness 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.
MFAA Demonstrator

The AAMID consortium, in collaboration with key
scientists, published a white paper
(https://arxiv.org/abs/1612.07917) that presents the
main characteristics of a wide‐field MFAA precursor that
we envisage to be built at the SKA site in South Africa.
Known as MANTIS (the Mid‐Frequency Aperture Array
Transient and Intensity‐Mapping System), this ambitious
instrument will represent the next logical step towards
the MFAA based SKA telescope. The goal is to use
innovative aperture array technology at cm wavelengths,
in order to demonstrate the feasibility of deploying huge
collecting areas at modest construction and operational
cost. Such a transformative step is required in order to
continue the exponential progress in radio telescope
performance, and to make the ambitious scale of the SKA
Phase 2 a realistic near‐time proposition.
This white paper summarises the ideas that were
discussed at the 2016 MFAA/MIDPREP workshop in
Cape Town. Consultations with the science community at
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workshops in Stellenbosch (2014) and Cape Town (2016) indicated a strong interest in a wide‐field
science demonstrator instrument with a collecting area of about 1500 – 2500 m2, operating in the 450
– 1450 MHz frequency range. Such an instrument could perform an outstanding science programme in
its own right but would also support and provide leverage to various MeerKAT and SKA1‐mid science
opportunities. An instrument of this size matches very well with the necessity to realise a sizable
system to demonstrate competitiveness, feasibility and technology readiness of several key MFAA
technologies and concepts, as required for the MFAA PDR. MANTIS will also provide a new reference
for the costing of an MFAA based SKA, both the deployment costs (hardware and installation) and the
operational costs (in particular power consumption and maintenance). Finally, MANTIS will present an
opportunity to involve the South African science, engineering and industrial communities in this
innovative technology in an early stage.
Progress on MFAA Front-End Design

The fully differential Front-End solution based on a Crossed Octagonal Ring Antenna array that is being
developed at the University of Manchester has been measured in the anechoic chamber at Leonardo
MW in Edinburgh. The radiation patterns of the centre element and 4x4 subarray with an analogue
beamformer have been measured. The array (10 x 10 finite array) has been fabricated with 8x8
elements integrated with LNAs. Therefore, the combined gain of the antennas and the integrated LNAs
can be measured.

Figure 1 The finite C-ORA Array in the anechoic chamber for pattern and gain measurements.
SKAO eNewsletter December 2015
www.skatelescope.org

17

Figure 2. The Co-pol and cross-polarisation patterns at 1.42GHz, 4x4 beamformed.
As observed in Figure 2, the cross-polarisation component is significantly lower than the co-polar
component. This demonstrates the distinguishing feature of this type of antenna. The intrinsic cross
polarisation (IXR) of the C-ORA based on the measurements will be analysed. The preliminary
assessment from the measured data is that IXR of the ORA array can meet the SKA polariation purity
requirement as it has a high polarisation isolation, even at high scan angles.
An artist impression of the ORA array with a planar array structure is shown in Figure 3. It indicated
the layered structure and the integrated LNAs in housing boxes can be fabricated with a defined order.
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Figure 3. Artist impression of ORA array based MFAA station, the integrated LNAs are in the housing
boxes above the ground plane.
Station de Radioastronomie de Nançay prototyped a differential beamformer board based on time
delays. 16-Channel beamformer boards with differential inputs (SATA standard) have been under
fabrication. The total delay of 1.2ns can be achieved per channel with 64 steps. The measured data for
one channel is shown in Figure 4.

Figure 4 The measured time delay of one channel in the beamformer chip, measured at Station de
Radioastronomie de Nançay.
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The MFAA team in Cambridge has continued its work on the development of a sparse array solution for
MFAA benefiting from the LFAA development work. The goal is to maximise the sensitivity across the
frequency band and field of view. The small LPDA is being mechanically upgraded for ease of
manufacturing and deployment and low cost production in collaboration with Cambridge Consultants
Ltd.
The new mechanically enhanced design does not need a radome as it is design to be environmentally
protected. A first prototype model of this design using 3D printed support parts has been recently
tested in the Karoo (see Figure 5). The team had members of Cambridge and the South African SKA
Office and realised RFI measurements to inform the LNA and receiver design as well as impedance
measurements. The Cambridge team is now accelerating the construction of a 128 antenna
demonstrator at the Mullard Radio Astronomy Observatory at Lords Bridge, Cambridge to continue the
validation of the sparse array LPDA technology for MFAA.

Figure 5: The LPDA for MFAA.
Furthermore, a new 2-stages single ended 50 Ohm LNA (see Figure 6) has been developed with 40 dB
of gain up front and a noise temperature of 35 K.
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Figure 6: The 2-stage LNA for MFAA.
At ASTRON, we are progressing on multiple fronts towards our full 2m2 MFAA Vivaldi tile prototype.
We are busy with improving the prototypes we currently have, like the antennas and LNA modules.
And we are working hard towards finalising the designs and creating prototypes for the missing
components.
LNA modules

We have made multiple improvements on our LNA modules. These improvements impact the stability,
noise temperature, manufacturability and ease of assembly. An image of the new modules can be found
in Figure 7. The layout of the printed circuit board and the shape of the shielding can, have been
improved to compartmentalise the different parts of the module to improve the stability. The outline of
the module has been adapted to improve the ease of mounting the LNA module to the Vivaldi antenna
element. Also improvements in the electric circuit have been made.

SKAO eNewsletter December 2015
www.skatelescope.org

21

Figure 7: Version 1 (left) and version 2 (right) of the LNA module
Antenna and noise modelling

We have created a computer cluster capable of performing distributed HFSS simulations, this enables
us to perform full electromagnetic simulations of a 16-element passive array. A physical prototype of
this array has been fabricated and measured in our anechoic chamber. The results of the simulation
and measurement agree almost perfectly.
We have also measured the scattering and noise parameters of our LNA module. This, together with the
data from the antenna, makes it possible to simulate the performance of the antenna and LNA module
combined. This simulation provides us with a lot of insight in what is exactly going on in the system. In
the simulation, it is possible to enable or disable certain effects to assess their influence on the system's
performance.
These simulations have also been verified with measurements, by measuring an active 16-element
array. These measurements have been performed twice, once with passive combiners and a second
time with our beamformer boards to combine the signals from the LNA modules. The results are being
processed at this moment and will be presented in September at the ICEAA 2017 in Verona. A picture
of both the active and passive arrays is shown in Figure 8.
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Figure 8: Passive (left) and active (right) 16-element arrays
MFAA 2m2 Vivaldi tile

For the complete tile, all monitoring and control has been sorted out. We know exactly which
components we are going to use, and how the communication between these components will be
implemented. Also, a concept for the communication between our Vivaldi tile and the back-end is being
worked on.
When the tiles are placed in the field to create a station, it is important to know the influence of their
placement on the performance of the complete system. A study on the configuration of the Vivaldi tiles,
which was focused on disconnecting the tiles, is presented at the EuCAP 2017 in Paris. Two examples of
possible station layout configurations are shown in Figure 9.

Figure 9: Square (left) and domino (right) configurations for the station layout.
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North-West University (South Africa), as part of a collaboration with ASTRON, constructed a first
prototype tile using the NWU receivers and a digital beamformer (see Figure 10). The tile consist of
1) Four PCB antennas with integrated low-noise amplifiers.
2) A ground plane with a number of short connector cables to the PCBs and a number of calibration
noise sources.
3) A low-cost digital beamformer consisting of commercial SDRs (software defined radios) for each
element and two SBCs (single board computers) using PoE (power over ethernet).
4) Software for the digital beamformer has been developed and interferometry between the elements
has been demonstrated for the galactic 21cm line.
Eight more tiles (64 elements) are currently being constructed.

Figure 10. Prototype tile at North-West University.

Report provided by the AAMID consortium
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Signal and Data Transport

The requirements freeze following the latest release (revision 10) of the Level 1 technical requirements
has allowed SADT to stabilise the design of the SKA’s data and timing networks. The Consortium team
is now preparing the documentation needed for Critical Design Review, with the Detailed Design
Documents for the various sub-elements now at a mean level of 75% completion. Formal end-to-end
engineering diagrams of the whole SADT system have been completed. The analysis of the SADT
networks reliability has now been delivered and is being used to refine our maintenance and
operations plan. The costings of the solutions proposed have matured and the Consortium has made
great strides in reducing costs. The bottom line SADT Cost Estimate dropped by €14.9M between June
and September 2016; and by an additional €4.0M between September 2016 and March 2017. Final
testing regimes are being completed to further de-risk the design solutions and add to the body of
evidence submitted as verification of the designs. We are also now in the process of planning for
additional, post-CDR testing of the SKA Digital Data Backhaul system using e-MERLIN as a test-bed.
Report provided by the SaDT consortium
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Infrastructure Australia

Overview
Infrastructure Australia (INAU) held a deep dive exercise in February 2017, to review capital costs and
operational assumptions and to explore further cost reduction options for the project. The review was
thorough and went very well, with significant progress at assessing the overall building design, with a
further consortium meeting planned (see below).
As the detailed design phase of the project advances, INAU has been busy seeking out potential gaps in
scope that may have been missed in the ICD’s, or that may require further definition. Work on the
ICD’s to flesh out any unknowns or undefined items has been a significant focus for the team and is
going very well.
The recently released SKAO EMC standards document is allowing us to progress in the area of RFI
compliance for INAU, including the EMC Compliance documents.
A follow-up two day design workshop was held in Perth with Aurecon, to further review the LOW CPF
building design process for SKA. The workshop involved engineering experts from around Australia
and was used to check the approach on how the facilities will be used for the lifetime of the
instrument. Consideration was given to how the various project requirements, including the critical
RFI standards, can be met most cost effectively – we examined the shape of the building, future
expansion options, reduction of space, usability and cost. The large fibre entry pit into the CPF was
considered in accordance with the RFI standards and control document. The team had some excellent
discussion around this, with a number of decisions made.
The INAU Consortium Leader, Ant Schinckel, is ramping up in his new dual role of Head of SKA1 Low
Construction planning, a secondment to the SKAO (though based primarily in Sydney).
The SKAO Board meeting was held at the end of March in Perth. As a part of this, CSIRO and
Department of Industry Innovation and Science hosted the Board Members on site at Boolardy, with a
number staying overnight, including a very successful evening of stargazing.
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Members of the INAU management and design team are preparing for the 2017 Engineering Meeting
in the Netherlands in June. We are looking forward to valuable face to face time with the other
Consortia, as we move through this important design phase of the project.
Report provided by the Infrastructure Australia consortium

Infrastructure South Africa

The INSA Consortium is responsible for the design of the Infrastructure & Power Products for SKA1mid in South Africa. This includes Access (roads, civil works), Buildings, Communication, Site
Monitoring, Security, Antenna Foundations, Vehicles, Power, Water and Sanitation.
Good progress is being made on the external ICDs in compliance with Level 1 Rev 10
requirements. The biggest uncertainty remains with the CSP cooling and power requirements.
Power

The Consortium has concluded its next set of MeerKAT power measurements and submitted the latest
MeerKAT power consumption report to the SKAO. Measurements will continue until MeerKAT is fully
operational and this will be utilised as an input to the SKAO Power budget and as an input to power
simulations being undertaken for the detailed design of the SKA1-mid power system.
A comprehensive trade-off model has been developed by the Consortium to consider the trade-off in
lifecycle costs between providing standalone PV (renewable) plants as opposed to overhead power
distribution lines to some of the antennas in the spiral arms. This is in an effort to reduce power
costs. RFI measurements and propagation modelling has been concluded and a draft report has been
submitted to the SKAO for review.
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A line route surveyor is currently on site engaging with landowners to agree on the power line routing
in the spiral arms. This work is expected to be concluded in April 2017 and will be used as an input to
the detailed design of the overhead power lines in the spiral arms.
SKA1-mid Antenna Foundation Prototype

As a result of the change to the SKA1-mid antenna pedestal diameter, the Consortium has adjusted its
detailed design of the antenna foundation prototype and held a second review on the 9th March
2017. Observations directly relevant to the prototype foundation have been closed out and the
antenna foundation prototype contractor has commenced construction on site.
Upgrade to Mid Central Processing and Power Facility

The tender to appoint a design engineering team to assist the Consortium with the detailed design of
the upgrade the Central Processing Facility and Power Facility will be awarded in early May 2017.
SKA1-mid Physical Configuration

Following inputs from the Strategic Environmental Specialist studies and floodline analysis undertaken
on the SKA site in South Africa, final relatively minor adjustments are being made to the SKA1midphysical configuration for CDR.
Site Characterisation Studies

The geotechnical and geohydrological contractor will continue with drilling and tests during April
2017. These investigations are required as inputs to the detailed design of the MID antenna
foundations and water & sanitation.
Cost Plan Updates

The Consortium submitted its updated Cost Plan to the SKAO in February 2017. A deep-dive cost
review was held on the 22 March and the Consortium is working on closing out all observations.
Report provided by the Infrastructure South Africa consortium
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Wide Band Single Pixel Feeds

Overview
Wideband Single Pixel Feeds (WBSPF) is an Advanced Instrumentation Programme aiming to
provide a new technical solution for SKA Phase 2. Four of the single-pixel feeds from the current
baseline design will be replaced with feeds for two wide bands, Bands A and B, which will extend
frequency coverage up to 24 GHz.
We are currently considering re-defining the current Band B (5:1) to 3:1 bandwidth covering Band
5b and Band 5c (8 –24 GHz) and beginning a new study.
The WBSPF consortium is a collaboration of Chalmers University of Technology (Sweden), Low
Noise Factory (Sweden), ASTRON, MPIfR, IAF, JLRAT and the Laboratory of Astrophysics (LAB) at the
University of Bordeaux. At Chalmers, work is being carried out at Onsala Space Observatory and the
Microwave Electronics Laboratory. The next WBSPF Board meeting will be scheduled in May.
Design Activities

During the northern autumn and winter 2016-7 we have been finalising the first prototypes of the
project’s sub-elements – feeds and LNAs for each of the two bands. In China (TIPC and JLRAT), work
on the cryostat continued. The detailed design of the cryostat’s main body has been selected, and
now the design team is focusing on concepts for mounting and supporting the feed horns in the
cryostat. Since the design shares elements with the proposal for the cryostat for the Next-Generation
VLA (ngVLA), the group is working closely with Sander Weinreb’s group at Caltech.
Feed Technology

The primary choice for both bands are feed horns with a quadridge design, similar to the feed for
Band 1. These are being developed at CETC54/JLRAT (Band A) and at Onsala Space Observatory
(Band B). Design work aimed at improving the optimisation for Band A is underway at
CETC54/JLRAT. Currently the feed meets the efficiency specification (78%) over almost 80% of the
band.
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A prototype Band B feed has been assembled and tested at Yebes Observatory (Figure 1) with very
satisfactory results. The current design meets the efficiency specifications (Figure 2). The sensitivity
performance is not as good as we had hoped. Testing remains to be done, but our analysis so far
shows that with the current technology limitations, the very ambitious specification (similar to the
SKADC octave feed specification) is probably out of reach. While the Band B feed and LNA achieves
6.1 m2/K up to 10 GHz and 4.7 m2/K up to 15.5 GHz, the sensitivity is below the 3.5 m2/K
specification above 20 GHz (here we are including the latest Aeff/Tsys-analysis atmosphere model).

Figure 1: Band B feed mounted on the scanner at Yebes observatory.
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Figure 2: Calculated aperture efficiency in SKA dish.
LNAs

Low noise amplifiers for Band B are being assembled (mHEMT with components from Fraunhofer
and InP from Low Noise Factory). Measurements for the InP wafers show very good equivalent noise
temperature and flat gain of about 30 dB over the band (Figure 3).

Figure 3: Measured gain and equivalent noise of LNF’s Band B LNA (left) and picture of the prototype
(right).
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Receiver

The University of Bordeaux is working on the SKA1-mid band 5 and WBSPF band B receivers. These
bands are split into 3 sub-bands (5a, 5b and 5c) for the first prototype because of no ADC are
available on the market for sampling the entire band B or band 5 bandwidth. A block diagram of the
receiver for the SKA-mid band 5 is given below:

Figure 4: RXS45 receiver.
The RF chain (RXS45.RF) of the receiver is described in figure 5.

Figure 5: RF chain (RXS45.RF).
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Concerning the digitiser board (RXS45.DG), the first prototype is based on the 3-bit ADC from Hittite
with a 20 GHz bandwidth. This board will be used for bands 4, 5a, 5b and 5c sampling. It will be full
tested in October 2017.
A future digitiser board is already under studied for replacing the Hittite board by a low power and
larger bandwidth solution. This future board will be based on a 4-bit, 25 GSps ADC developed in 28
nm CMOS technology.
We are currently considering re-defining the current Band B (5:1) to 3:1 bandwidth covering Band
5b and Band 5c ( 8 –24 GHz) and beginning a new study.
Board Meetings

The next WBSPF Board meeting will be scheduled in May.

Report provided by the WBSPF consortium

.

Assembly, Integration & Verification

Introduction

The Assembly, Integration and Verification (AIV) work package represents one of nine key elements
that will make up the SKA1 Telescope. Whereas the other eight elements are tasked with designing key
components of the SKA1 Telescope, the AIV element is tasked to perform all necessary planning to
integrate these key components into a telescope system that meets the engineering (Level-1)
requirements.
The SKA1 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 approximately 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 lowfrequency antennas.
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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.
AIV Consortium Face-to-Face Meeting at Jodrell Bank

The AIV Consortium had a F2F Meeting at Jodrell Bank during the week of 20 February 2017. The
primary objective of the meeting was to focus on Verification Requirements, which are high-level
descriptions of how to verify a specified requirement. Many of the L1 Requirements are highly
specialised, and developing their verification procedures requires domain knowledge that is outside of
the AIV Consortium’s expertise. Having the F2F Meeting at the SKA Office made it easier to
communicate with project scientists and engineers regarding these issues, and indeed good progress
was made during that time.
Apart from working on Verification Requirements, the AIV team also had discussions with the SKA
Office regarding the AIV Risk Register, the Product Hand-over Checklist document, the Integration Test
Facility (ITF), the software hand-over process, procurement and product hand-over, the overlap
between system verification and science operations, as well as issues regarding the integration of the
MeerKAT Precursor into SKA1-mid.

Figure 1: AIV Consortium Face-to-Face Meeting at Jodrell Bank, February 2017.
Peter Hekman, Nico Ebbendorf, Adam MacLeod, Donald Gammon, Michael Hayes, Richard Lord.
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The Verification Model

The December 2016 publication of the SKA eNewsletter introduced the Verification Model, which
showed the relationship between L1 Requirements, Verification Requirements, Verification Events,
Test Procedures, Test Configurations and Test Equipment.
This publication describes the many-to-one relationships between these elements of the Verification
Model. Referring to Figure 2 below:








One Verification Requirement may verify more than one Level-1 Requirement.
One Verification Requirement may be fulfilled at more than one Verification Event. For
example, a Verification Requirement may be partially fulfilled at an event associated with Array
Assembly 1, 2, 3 and 4.
One Verification Event may fulfil more than one Verification Requirement.
One Verification Event may employ more than one Test Procedure.
One Test Configuration may be formed by more than one Test Equipment.
It is, however, not common for one Verification Event to employ more than one Test
Configuration.

Figure 2: Illustration of the many-to-one relationships between elements of the Verification Model.
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Verification Requirements

Planning the verification of the Telescope system begins by writing a high-level description of how
each requirement will be verified. The AIV Consortium has completed the first draft of this work,
together with help from domain experts from other consortia and from the SKA Office. The internallyreviewed document will be released at the end of March 2017, where after it will be further reviewed
by external reviewers in the weeks and months to follow.
Verification planning also needs to consider at what level of system integration the verification can be
executed. The roll-out plans define five levels of system integration:



System ITF
Array Assembly 1, 2, 3 and 4

Each Verification Requirement is either partially or fully verified at each of these high-level roll-out
milestones. Most of the verification work will be executed by the AIV contractor during construction,
but many requirements are also verified by product contractors, and some are verified by the Science
Verification Team.
Design Qualification versus Product Verification

The difference between design qualification and product verification is often a matter of definition.
Qualification is associated with design and is therefore important during the design phase, i.e. the PreConstruction Phase. Product verification or product acceptance is associated with manufactured
products and is therefore important during the Construction Phase. Both design qualification and
product acceptance are often regarded as verification activities.
All Design Consortia are expected to deliver qualification results at their respective Element CDR,
which provide confidence to the SKA Office that their design will meet their L2 Requirements, which
can be traced to the L1 Requirements. The qualification results are obtained either by analysis
(i.e. paper work) or by test (i.e. a prototype has been built). If the design qualification is incomplete at
Element CDR, it is expected that the affected Design Consortia also deliver a Qualification Plan, which
describes how and when the design qualification will be completed (e.g. at the System ITF).
Once a product has been manufactured (this includes software/firmware products), it needs to be
verified against its requirements (e.g. L2 Requirements). One distinguishing feature between design
qualification and product verification is therefore that qualification testing is usually performed on a
prototype, whereas verification testing is usually performed on the final product.
Design qualification and product verification are performed at all levels of the system:




Level-2 Design Qualification should be completed at Element CDR, although it is likely that some
of it will be completed at the System ITF.
Level-1 Design Qualification, i.e. system-level design qualification, will be partially performed
with the system installed in the System ITF and partially with Array Assembly 1.
Level-2 Product Verification is expected to be performed at the contractor’s factory as part of
factory acceptance. Such products may be shipped to the System ITF or to site, where final
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acceptance testing will be performed by the product contractor after installation, as part of the
hand-over process.
Level-1 Verification of the Telescope system is performed in a staged manner with the four
Array Assemblies on site. A significant amount of verification testing can also be performed
with the system installed in the System ITF.

In addition to the qualification results, all Design Consortia are expected to deliver a Verification Plan
at their respective Element CDR. This Verification Plan should contain the following:



A high-level description of how each of the product’s L2 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. Verification testing could
happen at the contractor’s factory using simulators or emulators, or it could happen at the
System ITF, where the product can be interfaced with other products.

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
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DISH

DISH has continued to make strong progress since last reporting in December and, at time of writing,
all Detailed Design Reviews (DDRs) relevant for Bands 1 and 2 have been conducted although a few
issues for resolution remain.
December was a busy month with Dish Consortium team members working hard to complete
documentation required to closeout the Single Pixel Feed (SPF) Band 2 DDR held at the end of
November (since closed out) and to prepare for three additional DDRs.
The Dish Fibre Network (DFN), a small but important subsystem, completed its DDR in early
December. DFN passed without reservation and close out documentation has been finalised.
In mid-December, the team convened in China for the critical path subsystem Dish Structure (DS)
DDR. The significantly more complicated DS DDR received some 700 OARs, most from non-review
panel personnel. The review panel, chaired by Dr Richard Hill, was an extremely experienced group
from the UK, Germany, South Africa and Chile and made many constructive
recommendations. Although the panel did note that some areas of the design were less mature and
identified some issues which were still to be resolved, its recommendation was for DS to commence
manufacturing of the dish prototype as soon as possible while those outstanding issues were being
resolved. Given the complexity of the DS subsystem and its fundamental importance to SKA-mid, the
DDR outcome was very positive.
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DS DDR Design Team and Review Panel in front of 6 panel M1 reflector structural demonstrator rig in
Shijiazhuang, China. Courtesy Chen Long, CETC-54
Since December, DS members have made great progress closing out many open design issues and, at
the time of writing, the DS design is well resolved. A particular challenge faced by the DS team was the
late resolution of design and cost responsibility for the composite sub-reflector. As Dish Consortium
Leader, my deep thanks go to CETC-54 for yet again stepping to the fore and accepting the
responsibility for cost, design and development of the sub-reflector, thankfully in concert with DS lead
organisation, MT Mechatronics.

DS Review Panel, Dish Design and Management personnel and senior CETC-54 and JLRAT personnel
view 13 initial M1 reflector panel moulds in Shijiazhuang China. Courtesy Chen Long, CETC-54
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Prototype manufacture has begun on several fronts by various Dish subsystem (Sub Element) teams
but probably the most striking example is the work done by CETC-54 to build the M1 main reflector
moulds. The main dish reflector design will employ 66 fabricated aluminium panels, each requiring
high precision vacuum forming. These, in turn, will require 66 moulds. By DS DDR in December
2016, 13 moulds had been built and members of the DS Review Panel and Dish Management team
were invited to view the completed moulds as part of the DS DDR (see photo above). By March 2017,
there were some 40 moulds built. Again this demonstrates the huge capital investment being made by
Dish Structure team members, and CETC-54 especially, during the pre-construction phase.

DS M1 Panel Moulds replicating rapidly at CETC-54, representing a multi-million € investment.
Courtesy CETC-54
January was a more relaxed month with most Dish Consortium team members taking some hard
earned down time and particularly the Southern Hemisphere members in South Africa and
Australia. One more DDR remained, being the Receivers subsystem (SPFRx DDR) for Bands 1 and 2,
which was conducted in late January in Victoria, Canada. A stellar review panel team, chaired by Sias
Malan from South Africa, performed a deeply constructive review of the design. Although the review
panel found no major design problems, and despite the huge effort performed by the SPFRx team at
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NRC, a number of minor issues led the panel to the decision that a delta review should be held. The
delta SPFRx review is nominally anticipated in the May timeframe. This will be preceded in April by a
delta DDR for Band 1 feeds. Preparations are currently in progress for both delta reviews.

SPFRx design team and review panel members at the CNRC Dominion Observatory in Victoria Canada.
Courtesy NRC
Also in January, Dish sub-elements submitted their revised construction phase capital cost estimates
to Dish Consortium Management, so they could be aggregated and submitted to the SKAO. While it was
evident that a fully compliant solution could not be delivered within the current cost cap, a positive
side of this costing round was that only a small increase in estimated cost was made and this was
accompanied by a small reduction in contingency. This is not surprising given the professionalism of
the Dish team and its predominantly industrial makeup.
In February, the Dish Management team attended the SKA Consortium Leaders’ Meeting at SKA
Headquarters and provided an update about the great progress being made. The Dish Structure
remains on the critical path from a schedule perspective but it was evident that the DS team members
were not holding back any effort to succeed. All dish Sub-Elements are working hard to commence
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construction of the prototype systems so that the SKA-MPI Dish System with see first light at the SKA
site in South Africa in late 2017 or early 2018. The first SKA prototype dish, SKA-P, will be erected and
mechanically tested in Shijiazhuang, China during Q3 of CY2017.
Overall, remarkable progress from a global and truly professional Dish Consortium Team. Now, where
are the spanners?

Report provided by the DISH consortium

Telescope Manager

Overview
Since the last reporting in December 2016 TM has baselined the last remaining LINFRA sub-element
Requirements. The prototyping activity has continued in the area of performance analysis whereas
LMC Interface Simulator prototype has seen a good progress. The TM Design Baseline was formed
towards the end of January 2017. The revised TM Cost estimates have resulted in a reduction of the
TM Construction cost by about ~22% over the last submission. In the meantime, GUI and
Requirements Engineering activities are making good progress. The Software Architecture Workshop
held at the SKAO in January 2017 has adopted the SEI approach and it has a significant impact on TM.
This has caused major reorientation of the design teams and their effort because of change of
emphasis of deliverables – more emphasis on quality attributes than the details of the design.
The summary of the work taken up since the last reporting, key events and accomplishments are as
follows.
Prototyping

The TM consortium is close to submitting the next version of the Prototyping Report to the SKAO. This
version of the Report contains updates from the additional prototyping carried out in a couple of
TelMgt prototypes (EDA and M&C) in the area of performance analysis, to improve the confidence in
the design and to include suggestions and comments from within the TM Consortium and from the
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SKAO. In the meantime, the LMC Interface Simulator has also progressed well over the last three
months or so, and the last planned iteration is being worked upon currently; the version of the report
being submitted will include results from this prototype as well.
Revised TM Cost Estimates

The TM revised cost estimates submitted ahead of the March 2017 SKA Board meeting saw a
significant cost saving. The revised TM Cost estimates stand at 43 M Euros (including central
contingency) which is about ~22% saving over the last submission in September 2016. The saving
mainly comes from the harmonisation of labour rates and further refinement in the sub work
packages. Travel costs and other non-labour costs (computing infrastructure, software licenses etc.)
were standardised across sub work packages by means of a formula.
This time a WBS Dictionary was developed and accompanied the Cost Model spreadsheet and Basis of
Estimate (BoE) document. The WBS Dictionary describes work packages in terms of related activities,
outputs / deliverables, assumptions and exclusions, to provide more clarity and definition to the
contents of the work packages. Primary risks contributing to uncertainties in activity estimates were
identified within the WBS Dictionary, where positive and negative risk factors were applied to
estimates to derive worst-case and best-case estimates.
Baselines Achieved

TM Design Baseline (DBL) was achieved towards the end of Jan 2017 and that completed the
Milestone M17. LINFRA Requirements Baseline (RBL) was formed in January 2017 as part of the
Milestone M20.
GUI Activities:

Following interviews with the MeerKAT operators, a couple of reports on MeerKAT Roles and UIs
were generated and internally reviewed. Similar UI analysis was done for the Italian Medicina
Observatory, and will be followed with other radio astronomy facilities.
A shortlisted UI scenario is being elaborated including storyboards with a focus to give support to the
operator in assessing the impact of failures on the ongoing observations.
Like the other deliverables, the content for the UI deliverables is being defined currently due to the
impact of SEI approach.
Adoption of SEI Approach for TM, Impact Analysis & Re-planning

The SEI Workshop coordinated by the SKAO, was held at Jodrell Bank in January 2017 and the same
had good participation from the TM Consortium. As an outcome of this workshop, it was decided to
adopt SEI approach for the software dominated elements of the SKA, which include TM. This will
mean we have to follow SEI approach for CDR documentation and though TM welcomes this move as
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being useful, it comes with significant modification to the set of deliverables for CDR and significantly
different way of representing contents within the deliverables.
The team has put in extensive effort over the last 2-3 months in understanding the impact of this new
approach on TM. Various work streams have been set up within TM to work through implications. As
part of this process, the team is working on Mission Threads (MTs) and Views. A workshop was held
from 27-29 March to take a stock of the progress made on the MTs, Views and to firm up the plans for
the remainder of the CDR phase. The TM Consortium has also come up with a new set of deliverables
as per the guidelines and discussions with the SKAO. This is waiting for finalisation with the SKAO.
Pathfinder and Precursor Evaluation

The Evaluation Team (ET) set up by the TM Board is in the last stages of completing the evaluation of
the monitor and control systems of the GMRT and MeerKAT facilities, with a view to identify potential
of reuse from these facilities for the main SKA work. A preliminary version of the report was
submitted and discussed within the TM Board, and a final version for release is currently under
preparation. The outcome from this is expected to help guide the TM design activity.

Report provided by the TM consortium

Science Data Processor

Architecture

Along with other SKA consortia, SDP is working towards implementing Software Engineering Institute
(SEI) approaches to its software architecture documentation. This style is useful for promoting
architecture decision processes based on concrete "quality attribute" scenarios. These methods will
help us with addressing the many architectural trade-offs that SDP faces - balancing scientific accuracy
with long-term modifiability and performance.
In addition, we will be looking into structuring documentation around the SEI "Views and Beyond"
approach. This includes methods to make it easier to target specific audiences with relevant
SKAO eNewsletter December 2015
www.skatelescope.org

44

documentation. This will help make the SDP architecture easier to navigate for readers from outside
the SDP. This will increase in importance as we move towards construction.
At this point we have had two joint workshops to increase knowledge of the SEI processes and
terminology, one in January at SKA headquarters in Jodrell Bank and another in Cambridge in March
specifically addressing SDP considerations.
Performance Model

A performance prototype platform (P-cubed) is being built at the West Cambridge Data Centre to
support SDP prototyping activities. This is funded by a grant from the STFC in the UK. Service support
is provided by University Information Services at Cambridge, with whom the SDP project works quite
closely.
The platform will comprise a number of compute and controller nodes, high performance networking
as well as a variety of storage sub-systems. Together these will support horizontal and vertical
prototyping activities exploring various interfaces of the SDP Compute Island as well as the ability of
SDP to adopt a standard Big Data execution framework.
The P-cubed middleware will comprise of an upstream OpenStack software defined environment to
provide a flexible environment for prototyping.
The hardware was selected in November and is in the process of being commissioned. The system will
be available by the end of this month.

One of the P3 equipment racks hosted in Cambridge
SKAO eNewsletter December 2015
www.skatelescope.org

45

Parametric Model

The SDP Consortium has continued to engage with the SKAO to develop system sizing and costing
methodologies. The SDP hardware system sizing, as in the Preliminary Design Review approach, is
based on parametric models of computational needs for different High Priority Science Objective
(HPSO) experiments and combined to estimate the average system size required (in terms of delivered
computational rate). The processing (covering all the experiments in appropriate proportions) over a
few days is modelled to see how much unprocessed data would sit in the SDPs buffers.
The model outputs then allow us to make estimates for the buffer size required to enable suitable
flexibility in scheduling whilst tensioning that against the cost of the additional buffer.
A series of staged SDP deployment scenarios have been analysed in which a fractional SDP system (e.g.
representing 20%, 40%, 60%, 80% of a full system) is procured at the time of the final array release,
with this smaller system being torn down and replaced with a full size system after 1, 2, 3, 4 or 5 years.
Our work on the parametric model for compute load will continue in the coming months during which
we will also work with the Telescope Manager consortium and SKAO to finesse the astronomy
scheduling model - the buffer size work must be tested against a new scheduling model (covering a
longer period), and incorporate the size of the SDP staging area where the products of SDP pipelines
will sit before transfer out to the SKA Regional Centres.
Integration Prototype

The SDP Integration Prototype (SIP) is designed to allow the SDP to prototype its external and internal
interfaces (i.e. where different bits of the SKA and SDP join together). Its aim is to provide a proof of
concept that the SDP can work - that it is possible to collect data from the CSP, process and archive it,
and deliver it to astronomers. It is not concentrating on SDP performance (there are other prototyping
activities, including activities with industry, which examine this aspect), but the SIP team will be one of
the major users of the SDP Performance Prototype Platform. This is because many of the internal
interfaces SIP want to test can be implemented using OpenStack, the Infrastructure-as-a-Service
system used on the P^3 prototype (for example OpenStack provides ways of managing messaging,
workflows, and file- and object-stores). These are all things that the SDP needs, so SIP will be
evaluating whether these things do the things that the SDP needs.
The interface between SDP and TM is very important - it's how the SDP gets its information about what
it is that's being observed by the telescope. The SIP now has a working SDP controller, using TANGO
(the control system chosen by the SKA). Below is a diagram showing the code classes used by the SDP
Master Controller. The Master controller then can create and monitor 'slave controllers', which is
where the main work of the SDP is done. These slave controllers report on the status of the tasks that
they're running. These tasks can be quite big - all of the real-time processing for one observation
scheduling block would count as a 'task' to be managed by a slave controller. The Master Controller can
get status updates from the slaves, and report that back to the SKA Telescope Manager when needed.
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Master Controller class diagram
This system will allow the SIP team to test out different Execution Frameworks (the part of the SDP
that does the main work of image processing), see how they interface to the rest of the SDP system, and
how these frameworks might be managed by the SDP Master Controller. This will be a light-touch,
loosely coupled management: it's the equivalent of a human manager checking in with a worker and
seeing that they're OK and have everything they need, rather than standing there every second and
micro-managing. This means that both the Master Controller and the Execution Framework are more
resilient - if they lose contact for a couple of seconds (or perhaps longer), a loosely-coupled system
means that this doesn't stop the other component from working. The SIP team will be testing out this
interface between the Master Controller and the Execution Framework to ensure that it has these
properties.
As part of the image processing, SDP has to circulate information about the calibration of the telescope.
This information is calculated during image processing, on different bits of the data, but this
information then has to be circulated so that the whole of the image processing pipeline can use it. SIP
are going to test out the Redis distributed database to see whether it can meet the SDP's requirements.
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Naturally, this can't be completed overnight; we're planning a series of releases of the SIP code over the
next six months to support this work. And of course the SIP team aren't just writing code to do this,
they're also creating tests (so we can check that the code is working correctly, and that it's not been
broken by any changes) and documentation (so the rest of the SDP can understand the work done by
the SIP team).
Report provided by the SDP consortium
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News From Precursor & Pathfinder Facilities
ASKAP Report
ASKAP Commissioning and Early Science

The ASKAP Survey Science WALLABY (Widefield ASKAP L-band Legacy All-sky Blind surveY) Team has
created a preliminary ASKAP 21-cm radio continuum map of the region around the southern pinwheel
galaxy M83 (see box in bottom right). It shows radio emissions from M83, as well as more unfamiliar
structures likely to be associated with extremely distant supermassive black holes.

The structural detail distinguishable in the map clearly demonstrates the capability and science
potential of ASKAP. The wide field of view and the fast sky-survey capabilities are enabling the
WALLABY Early Science Team to study gas in nearby galaxy groups in unprecedented detail and to
observe whole groups at once. The full WALLABY survey (36 antennas) will extend this to the entire
southern sky.
Observations were taken during the day on 31 December 2016 and this specific field was chosen to
minimise solar interference. The central map is the fully mosaicked 30 square degree field of view, that
was simultaneously observed with 36 beams. The outer boxes highlight some of the key features
detectable after approximately 10 hours of observations, with 10 ASKAP antennas, 192 MHz
bandwidth and a 42" x 17" synthesised beam.
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According to NED (NASA/IPAC Extragalactic Database) the field contains ~1900 catalogued NVSS
sources to a peak flux of ~2.5 mJy/beam, ~140 of which have redshifts. The approximate rms noise in
our current image is 0.1 mJy. This field contains 28 HIPASS sources.
The maps were made using the ASKAP Science Data Processor software, ASKAPsoft, which is an
automated pipeline running on the Pawsey Supercomputing system. These observations have been
made possible through ongoing efforts from engineers, software designers, and scientists in CASS,
ACES (ASKAP Commissioning & Early Science team), and the WALLABY Survey Science team.
In summary:







10.1 hrs daytime observing
192 MHz bandwidth around central frequency 1344.5 MHz
10 antennas
36 beams
ASKAPsoft pipeline version 0.16.1 (with non‐default parameters)
Observational data taken on 31 December 2016.

30th Phased Array Feed (PAF) Receiver Installed

The 30th phased array feed receiver (PAF) was fitted to AK33, on 8 December 2016. As we continue to
develop our PAF technology, the commissioning results are already showing how valuable it is for
radio astronomy. We’re steaming ahead with the installation of the Mk II PAF receivers on ASKAP, and
it’s exciting that this Australian technology will be used on other telescopes around the world.

John installs the 30th PAF on AK33
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The 30th PAF moving up into AK33 where it will operate (as seen) in the Australian outback.
January Commissioning Run

With an increasing number of active antennas in the ASKAP array, the commissioning team has been
experimenting with new ways to test the capabilities of the expanding system. With a total of 36
antennas and a wide field of view, ASKAP was designed to have very good instantaneous UV coverage.
This will allow effective characterisation of time-variable emissions and improve the dynamic range of
the telescope.
As proof that we are beginning to see a glimpse of the system's full capability, the commissioning team
decided to try making snapshot images of the reference source used for beamforming - the Sun itself.
The disk of the Sun fits neatly inside the primary beam of ASKAP's 12m antennas, so it is possible to
image the whole surface in one snapshot.
With 16 active antennas operating during our January commissioning session, we observed the sun for
15 minutes each day over 5 days, producing radio contour images such as the one shown below (in
yellow) over 48 MHz of bandwidth at a centre frequency of 936 MHz. We also made an animation of it
here.
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The structures detected in these images match features seen at other wavelengths at the same time (for
example, the NASA Solar Dynamics Observatory ultra-violet image shown in blue). This is an
encouraging demonstration of the system as a whole and highlights some of the interesting
science capabilities that the telescope has, in addition to its planned large-scale survey capabilities.

The Sun in radio with a prominent solar flare
(quick reduction only).

Our image is very similar to this Fe IX image from
SolarMonitor.org made on the same day.

ASKAP array observing the Sun
Report provided by the Annabelle Young, CSIRO
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MeerKAT Report
PRODUCING MEERKAT IMAGES WITH AN UNLIKELY ALGORITHM

An age-old complex mathematical problem solved by an unlikely algorithm is part of the secret behind
the success of the MeerKAT First Light image. The algorithm has provided the calibration solutions
necessary to produce artefact-free images from the MeerKAT radio telescope, of which the first was
issued recently.
The MeerKAT First Light image of the sky, which was released in July 2016 by the Minister of Science
and Technology, Naledi Pandor, shows unambiguously that MeerKAT is already the best radio
telescope of its kind in the Southern Hemisphere. Array Release 1 (AR1), providing 16 of an eventual
64 dishes integrated into a working telescope array, is the first significant scientific milestone achieved
by MeerKAT, the radio telescope under construction in the Karoo. MeerKAT will eventually be
integrated into the Square Kilometre Array (SKA).
“MeerKAT has produced a deep, artefact-free image straight off the bat - an image completely free of
distortions normally seen in deep, wide-band, wide-field images. These distortions can only be
removed by a special algorithm,” says Professor Oleg Smirnov, who holds the SKA SA Research Chair in
Radio Astronomy Techniques and Technologies at Rhodes University, and heads the Radio Astronomy
Research Group (RARG) at SKA SA.
“What we have done here is equivalent to adaptative optics used on modern optical telescopes to
compensate for the deformation of the incoming wavefront by the atmosphere, except that we are
doing it with mathematics and computers rather than mirrors and pistons,” says the father of the
algorithm, Dr Cyril Tasse of Observatoire de Paris, who has spent two years with the RARG team before
returning to France.
Smirnov explains that this would not have been possible without a collaboration between his research
group and French colleagues. It took the team several years to come up with a solution to this
mathematical problem. Some very innovative ideas came from Tasse while studying a calibration
algorithm called StefCal.
While still a Postdoc fellow in France, he found that he could generalise StefCal’s approach to the
difficult direction-dependent problem that needed to be cracked to use modern radio interferometers.
He continued this work in South Africa, but the convergence of the algorithm remained a mystery. The
mathematical breakthrough came when he understood that using an alternative definition of complex
differentiation, was opening the gate to cracking the problem thousands or millions of times faster.
Another member of the RARG team, Dr Trienko Grobler, pointed out that this form of calculus was
originally proposed by Wilhelm Wirtinger as far back as 1927. Thanks to important insights from
Smirnov, the connections to the mysterious StefCal could be fully made, and suddenly a whole new
family of algorithms was unveiled.
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“We now have a fruitful algorithmic collaboration between SKA SA, Rhodes University and the
Observatoire de Paris/ Nancay.” A highlight of this is that quite a few young South Africans have
become valuable contributors to the project,” says Smirnov. These include Benjamin Hugo, Landman
Bester and Simon Perkins (all SKA SA), who are rapidly turning into experts in these techniques.

Image: Left to right; Benjamin Hugo, Landman Bester, Sphesihle Makhatini, Julien Girard and Simon
Perkins
The algorithm revolves around solving for direction-dependent effects. One of the most important
direction-dependent effects is the primary beam, or sensitivity pattern of the antenna, which becomes
important in the calibration of wide-band data, and subsequent wide-field imaging. Dealing with the
primary beam is one of the aims of “third generation calibration”, or 3GC. “Thanks to this new 3GC
algorithm,” says Smirnov, “we can now produce corrected images, taking primary beam effects into
account.”
The reason why the artefacts appear in the first place is due to variability in the sensitivity pattern.
While it may be constant from the telescope’s point of view, as the sky rotates relative to the telescope
during the observation, celestial sources “see” a variable pattern, which causes distortions in the final
images. Furthermore, the pattern is subtly different for every telescope of the array.
“The algorithm is so far the first and only algorithm that can take an arbitrary primary beam pattern,
and produce a corrected image. This means that the algorithm can be applied to any radio telescope. So
far it has also been successful with the Dutch LOFAR array, which is an SKA pathfinder, as well as with
the US Jansky Very Large Array. Sphesihle Makhathini (SKA SA) has recently used it to produce a new
world record image using data from the JVLA.
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“Because it is so flexible, we could immediately apply it to MeerKAT,” says Tasse. “With producing
images of this calibre, the numerical aspect is just as important. We have solved a mathematical
problem which has now opened new possibilities, and we can produce images from data much faster.
Mathematical problems that were impossible to solve before are now solvable. This is undoubtedly one
of the keys that’s needed to do transformational science with modern giant radio telescopes,” says
Tasse.
Smirnov and Tasse, together with the South African team (Hugo, Bester, Perkins and Makhathini), and
Julien Girard (Université Paris VII, also formerly of SKA SA) have recently conducted a workshop in
Ushant, France, to make rapid progress on the project. “With the full MeerKAT array soon coming
online, we want to have the tools in place to make sure that artefact-free images like this are produced
routinely,” says Smirnov.

Image: Left to right; Landman Bester, Simon Perkins, Professor Oleg Smirnov, Benjamin Hugo, Julien
Girard.
Update on MeerKAT




The integration of 32 MeerKAT antennas with single polarisation correlator was achieved in the
last week of March and on target - meeting another significant milestone in the construction
process.
As of close of business on 31 March 2017, 54 pedestal/yoke assemblies have been installed and
43 dishes have been lifted at the Losberg site in the Karoo. 34 antennas have passed acceptance
testing and has been handed over to SKA SA for the fitment of receivers and system level testing.

Report provided by SKA SA
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MWA Report
MWA Status

The MWA completed the 2016-B semester after a successful reconfiguration of the array into the
compact configuration that utilises the two new 36-tile redundant "hexes". The completion of the two
new hexes were the first major milestone of the MWA's Phase II upgrade. The remaining 56 tiles of the
Phase II upgrade will be deployed on long baselines to double the diameter of the MWA to roughly 5
km. Infrastructure work to install the new long baseline tiles is ongoing, with commissioning expected
mid-year. The MWA will be reconfigured into the extended configuration for the beginning of 2017-B.
The list of external instruments that the MWA hosts gained a significant new member with the initial
deployment of "Aperture Array Verification System 1" (AAVS1) in March (see eNews by the AADC).
AAVS1 is a prototype system for the future SKA-low. It is planned that the digital output of AAVS1 be
incorporated into the MWA digital systems and correlator, so that AAVS1 data can be correlated with
the full sensitivity (and antenna distribution) of the MWA to help characterise and verify the
performance of AAVS1.

Caption: An aerial view of the MWA's infrastructure hub region with the two new hex configuration
sets of tiles (top right) and the AAVS1 station area (bottom left). The existing "core" region of the MWA
is visible top centre. The radial lines show the path of buried power and comms infrastructure for the
MWA.
MWA Science

The MWA continues to be scientifically productive and there are now around 90 collaboration-led
publications since the commencement of operations in mid-2013. There are also now around a dozen
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papers using MWA data led by external teams from around the world, showing the increasing interest
in using publicly available MWA data.
The following are some science highlights from the recent quarter.
"154 MHz Detection of Faint, Polarized Flares from UV Ceti" Lynch et al, 2017. ApJ in press.
Flaring activity is a common characteristic of magnetically active stars. Flare events produce emission
throughout the electromagnetic spectrum, implying a range of physical processes. The number of stars
where radio emission has been detected is few, with numbers limited to a few tens of objects.
Observations of a wider sample of active stellar systems are necessary in order to establish the fraction
that exhibit radio bursts and to relate occurrence of these bursts to basic physical parameters of these
stellar objects.
To better constrain stellar flare rates at 154 MHz, Dr Christene Lynch (University of Sydney, CAASTRO)
and collaborators used the MWA to observe UV Ceti, an M dwarf star known to exhibit magnetically
driven flares. They detected four circularly polarised, dim flares from UV Ceti. Using the detected flares
they measured the first flare rates for stellar flares with intensities < 100 mJy at 154 MHz.
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"Low Frequency Radio Constraints on the Synchrotron Cosmic Web" Vernstrom et al., 2017. MNRAS in
press.
On large scales galaxies clump together to form clusters connected by filaments, so there's dense
heavily populated areas and fairly empty void areas, connected by string like areas. This makes a web
like structure known as the "cosmic web". Theories suggest that ~50% of all the visible (not dark
matter) matter/mass exists in the space between galaxies, but because this gas is such low density it is
very difficult to detect. But this space between galaxies also has intrinsic magnetic fields, as well as
magnetic fields generated from the galaxies merging to form this structure, which means that the
cosmic web should glow with faint radio emission. This emission also has yet to be detected, but
theories all say it should exist.
Using data from the MWA, Dr. Tessa Vernstrom (University of Toronto) and collaborators have put new
limits on the brightness of the radio emission coming from the cosmic web, as well as limits on the
magnetic field strength by using a technique known as cross correlation, which uses the position and
numbers of known galaxies to increase the faint the radio signal.

"Spectral energy distribution and radio halo of NGC 253 at low radio frequencies" Kapinska et al, 2017.
ApJ in press.
Using the MWA's GLEAM all-sky survey, Dr Anna Kapinska (University of Western Australia, CAASTRO)
and collaborators have studied in detail one of the archetypal starburst galaxies, NGC 253. The galaxy is
one of our closest neighbours outside the Local Group, only 3.5 Mpc (11 million light-years) away from
the Milky Way. NGC 253 is undergoing very powerful star formation, especially in its nucleus, and has a
spectacular synchrotron radio halo.
This study has modelled and uncovered the physical conditions in the starburst nucleus responsible for
its radio emission – something that has been unsolved since the suggestions were put forward 20 years
ago- and discovered absorption processes occurring in the southern parts of the galaxy halo. The MWA
observations used in this study are some of the most sensitive ones of NGC 253 at these low radio
frequencies (<300MHz).
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Report provided by Randall Wayth

HERA Report
The HERA project (https://reionization.org) has recently received US$5.8M from the Gordon and
Betty Moore Foundation to expand HERA to its full build-out to 350 and to extend the frequency
performance down to about 50 MHz to advance Cosmic Dawn science. This exciting gift to MIT fully
funds the construction phase of HERA. More details may be found at http://space.mit.edu/mitsjacqueline-hewitt-and-hera-team-given-58m-boost-detect-cosmic-dawn. An overview of the
programme may be found in a recent paper in the Publications of the Astronomical Society of the
Pacific vol. 129, no. 974 (http://iopscience.iop.org/article/10.1088/15383873/129/974/045001/pdf).
Construction of HERA is proceeding, and 35 elements are now complete, with substantial components
for the first 100 elements in place. With a goal to complete 350 elements by 2020, staffing and
procurement in South Africa are ramping up with support from SKA-SA. The majority of this takes
place directly within the Karoo and HERA is proud to work with the Karoo community.
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Figure: Image showing the 35 constructed HERA dishes, with installed poles for the next 75
elements. Some of the disused PAPER ground-screens are in the foreground. (Photo credit: Ziyaad
Halday, SKA-SA)
While the initial HERA observing seasons completely reuse the PAPER signal path, a new version of
the entire signal path will be deployed starting in 2018. Currently, prototypes of the new analog signal
path designed and manufactured at Cambridge University are under test, and an initial backwardcompatible version will start to be used on site by mid-year. The new correlator (incorporating the
new Smart Networked Analog Processor, or SNAP, boards) is being tested at Berkeley and field-tests
will also begin mid-year.
The primary change will be to the feed itself. The current version is a re-purposed PAPER dipole
optimised for use with HERA. It is sensitive within the 100-200 MHz “EoR” band. With the new funds
from the Gordon and Betty Moore Foundation, HERA will operate down to 50 MHz – ideally with a
single wide-band feed operating from 50-250 MHz. Efforts are underway at MIT/NRAO and
Cambridge to design and test several concepts, with a down-select later this year. Prototypes will be
tested at both the Cambridge and Green Bank HERA test sites.
The US-based data archive is currently being transitioned from the University of Pennsylvania to
NRAO-Socorro. Hardware is currently being deployed to interface with the NRAO data archive
infrastructure. Additionally, many of the important components of the new software and pipeline are
finalising development and are being deployed in advance of the next observing season.
While HERA has involved many students and has held ‘cohort summers’ bringing South African
graduate students to spend the summer in the US, this year marks a dramatic increase in the broader
outreach programme with the funding of the CAMPARE-HERA Astronomy Minority Partnership
(CHAMP) as part of the US NSF programme (http://reionization.org/champ/). This programme is an
extension of the CAMPARE programme developed and administered by our Cal Poly Pomona partners
and has served California and Arizona minority undergraduates for a number of years. These CHAMP
Scholars are from disadvantaged regions of the US southwest and the new programme will
incorporate the SA cohort programme that HERA has held over the past two years. After an early
summer “boot camp” in Pomona, the CHAMP Scholars will spend the summer at one of the HERA
institutions to engage with HERA researchers there. The summer will culminate in a CHAMP
Symposium in Pomona, which will engage with the students’ home regions.
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HERA is a partnership to conduct an experiment to detect and characterise the Epoch of
Reionization. Partner institutions in the collaboration are Arizona State University, Brown University,
University of California Berkeley, University of California Los Angeles, University of Cambridge,
Massachusetts Institute of Technology, National Radio Astronomy Observatory, University of
Pennsylvania, Scuola Normale Superiore de Pisa, SKA-South Africa and the University of
Washington. Additional collaborators are Cal Poly Pomona, Imperial College, Harvard-Smithsonian
Center for Astrophysics, University of KwaZulu Natal, Rhodes University and University of Western
Cape.

Report provided by David de boer, University of Berkeley, HERA Project Manager

GMRT Report
The upgraded GMRT moves to the next level of release

The work on the upgrade of the GMRT continues to make good progress. Following up on the release
of the 2nd phase of the upgraded GMRT (uGMRT) in October 2016, the 3rd phase of the release is
nearing completion, and will be available for use from the 32nd GMRT observing cycle starting in
mid-April 2017. Proposals for Cycle 32, submitted in January 2017, have seen an oversubscription of
a factor of 2.5 and there are a significant number of proposals for using the uGMRT systems, compared
to the legacy GMRT systems, which is very promising.
The main new features of the uGMRT that will become available in this cycle -- in addition to all 30
antennas fitted with the Band-3 (250 to 500 MHz) and Band-5 (1000 to 1450 MHz) receivers which
are already available -- are 16 antennas fitted with the Band-4 (550 to 850 MHz) receiver systems, 8
antennas fitted with the Band-2 (120 to 250 MHz) systems and the complete 30-antenna back-end
with full polar interferometry and beamformer modes available.
This should provide for some exciting new science results from this cycle of observations!
Sample first light result with Band-3 of 30-antenna uGMRT

Meanwhile, interesting first results are already coming from the uGMRT systems. One of the first light
results using the full complement of 30-antennas at Band-3 (250 to 500 MHz) that has recently been
obtained is shown in the accompanying figure.
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Sample first light image from the uGMRT using the full 30-antenna system at Band-3 (250 to
500 MHz). Source is the Coma Cluster, observed with a bandwidth of 225 MHz centred at 378
MHz, for a duration of 4 hours. The image has a resolution of 7.5” and achieves a rms noise level
of 30 microJy. A few new sources have been identified, in addition to much better clarity for the
known sources.
This is an image of the Coma cluster made with the uGMRT using only 4 hours observing time using a
bandwidth of 225 MHz around a centre frequency 378 M of 378 MHz. The image achieves a resolution
of 7.5", and a rms noise of 30 microJy. This is a promising first light result that nicely demonstrates
the potential of the uGMRT for such studies.
Mitigating Radio Frequency Interference at the uGMRT

One of the major threats to the upgraded GMRT is Radio Frequency Interference (RFI) from different
kinds of man-made sources. Of these, transmissions from satellites are a major contributor, as there is
an ever growing number of satellites, transmitting over a wide range of frequencies. Recognising this,
a novel program for predicting and avoiding RFI from satellites has been developed at the GMRT. For
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this, first a complete database of all satellites visible in the GMRT sky and having transmissions in the
range of frequencies covered by the GMRT has been generated.
Next, the response of each satellite has been characterised by studying it with the appropriate GMRT
receiver system and working out an angular zone of avoidance that should be maintained from the
satellite to prevent saturation of the GMRT receiver chain. Finally, using a real-time ephemeris for
each satellite, a program has been developed that does a real-time calculation of the position of each
satellite and then generates a real-time warning signal in the GMRT control room whenever the beam
of any GMRT antenna comes within the zone of avoidance. A real-time display allows the operator to
see all the relevant satellite visible in the sky at any given time, in relation to the astronomical source
being observed by the GMRT antennas (as illustrated in the figure).

Sample screen shot from the real-time satellite warning system at the GMRT control room,
showing the sky positions of all known relevant satellites visible in the sky at a given moment
of time, alongwith the position of the source being observed.
Modified versions of the above program have been developed for generating predictive warnings for
planned observations that the astronomer can use for checking against their observing schedule. The
result can also be visualised in graphic form as illustrated in the second figure which shows a plot of
the sky tracks of the visible satellites over the planned duration of the observation, along with the sky
track of the GMRT antennas for the source being observed. Similarly, for observations done in the past,
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the program can read the details from the recorded data file and work out whether any parts of the
observations would have been affected by satellite RFI and generate post facto warnings that the
astronomer can use while analysing the recorded data.

Sample screen shot from the satellite warning system in the GMRT control room, showing the
predicted trajectories of the relevant satellites over the duration of the planned observation,
alongwith the trajectories of the target sources to be observed, showing that the observations
would be affected by satellite crossings at two different times, by two different satellites.
This package has been installed and running at the GMRT for a few months now, and has already
proved its usefulness on several occasions where users have been warned in real-time about RFI from
satellites and have also used the tool to plan their observations to avoid the effect of satellites.
This package can, without much effort, be extended for other observatories.

Report provided by GMRT
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Parkes Telescope Report
Since the last issue, progress has continued on the development of the new Ultra-Wideband receiver
(700 MHz to 4 GHz), in particular with the backend component, for which a preliminary system will be
installed at Parkes in April/May. This will be tested with the existing receiver fleet which will allow for
the development of backend modes, both high spectral resolution and high time resolution, and the
development of RFI mitigation techniques.
Progress has also been made on the proposal for a cryogenically cooled PAF on Parkes. A funding
proposal was submitted to the Australian Research Council in March, for a system based on the
`rocket’ PAF prototype design (Figure 1) but with full focal plane sampling (36 beams).
This Cryo-PAF will represent the third generation of CSIRO designed and built PAFs.
Through cooling, the system temperature performance will match the long established and highly
successful multibeam receiver but the PAF will afford a much wider field of view, wider bandwidth,
and higher efficiency.

Prototype third-generation ‘Rocket’ Phased Array Feed with 5×4 elements

Report provided by the Annabelle Young, CSIRO
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Updates from the Science Working Groups
Solar, Heliospheric & Ionospheric Phsyics Report
15th European Solar Physics Meeting

http://astro.elte.hu/ESPM-15/index.php
The tri-annual European Solar Physics Meetings (ESPMs) aim to be a forum for European and
international scientists working in solar and heliospheric physics, offering opportunities to share and
disseminate results on all aspects of modern solar physics research (including observation and theory)
that span from the interior of the Sun out into the wider heliosphere.
Topics:




Solar Interior, Dynamo, Large-Scale Flows and the Solar Cycle
The Solar Atmosphere: Heating, Dynamics and Coupling
Fundamental Plasma Processes in the Solar Atmosphere: Magnetic Reconnection, Waves,
Emission, Particle Acceleration
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From Radio to Gamma Rays: Near-Sun Manifestations and Triggering of Solar Flares and
Coronal Mass Ejections
Solar-Terrestrial Relations, Solar Wind, Space Weather and Space Climate

Report provided by the Solar, Helio & Iono SWG

Epoch of Reionization Report
Pisa

Members of the EoR Science working group came together in Pisa in March to discuss what is needed
to extract reionization science from SKA1-low. Meeting in the ornate surroundings of the Scuola
Normale Superiore (SNS), about 30 scientists from around the world assembled for this three day
meeting. The discussion was dominated by establishing the key techniques needed for an end-to-end
pipeline to analyse SKA1-low observations, with the priority being to identify existing algorithms and
techniques that could be connected to provide a simple mock SKA pipeline.

Figure 1: Meeting of EoR scientists at Scuola Normale Superiore in Pisa. March 2017.
Concrete progress to this goal was made, a consequence of the significant advances in EoR data
analysis over the last few years, and a goal of a first mock data challenge was set, aiming to mimic SKA
observations of the 21cm signal, without foregrounds, and the recovery of the input parameters.
Another topic of discussion was the SKA cost control exercise with members being tasked to work on
the likely science implications ahead of SKAO science meetings planned for late May and thereafter.
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LOFAR

Alongside the SKA precursors MWA and HERA, LOFAR is one of the low-frequency radio telescopes
attempting to detect the redshifted 21cm signal from the epoch of reionization. In March, LOFAR
posted their first upper limits on the Epoch of Reionization 21-cm power spectrum using the LOFAR
High-Band Antenna (HBA), which are comparable to the best currently achieved. These first results
make use of 13 hours of data from observations centred on the North Celestial Pole (NCP). HBA
frequencies of 121.8 – 159.3 MHz probe redshifts z=7.9 – 10.6, which correspond to the late stages of
reionization close to the values favoured by the Planck optical depth measurement. Although the 2sigma upper limit of (80 mK)2 is still considerably larger than the expected EoR signal, as expected for
a single night of data, they already approach the limits of more extreme models without heating.
Analysis of the LOFAR data is a complex process requiring careful calibration of the instrument and
removal of approximately 20,000 sources above a few mJy included in the sky model, as well as
remaining diffuse emission. Calibration is one of the key challenges for these EoR experiments and the
LOFAR method has considerably evolved and improved over several years. The calibration process
begins with a direction independent step, which solves for gains and also absorbs much of the
structure of the bandpass response of the stations. To reach the dynamic range required for EoR, this
must then be followed by a direction dependent step, which is needed to handle the wide field of view
(~10deg), variation of the ionosphere, and other effects, like beam errors, not adequately captured by
the first step.
To account for challenges in the calibration, LOFAR baselines are split into “long baselines”, used for
calibration, and “short baselines” (50-250 wavelengths) used for the EoR analysis. This approach helps
addressing problems of suppressing diffuse structures in the signal, associated with using a sky model
based only on point sources and devoid of diffuse components, but at the cost of introducing some
excess noise into the short baselines.
This process results in 3 deg x 3 deg boxes at 0.5 arcmin resolution split into three frequency bands
between 121.8 – 159.3 MHz. Along with the desired EoR signal, this cube still contains significant
residuals from unremoved point sources and errors in the calibration (see Figure 2). To further remove
this contamination, a blind signal separation algorithm – Generalised Morphological Component
Analysis (GMCA) – is applied. This attempts to separate different components of the signal by working
in a wavelet basis and seeking to maximize the statistical independence of a small number of
components. This has been shown to work well in simulations at removing galactic radio foregrounds
and can also identify unremoved point sources and other errors.

SKAO eNewsletter December 2015
www.skatelescope.org

68

Figure 2: Stokes I and Stokes V images after sky-model subtraction for the baseline ranges 30-800 (top panels) and 50-250 (bottom panels). Sub-bands with frequencies between 121 and 134 MHz went into these images. Note the reduction
in the displayed field-of-view from 20 x 20 to 10 x 10. Intensity units are in mJy/PSF and the scale range is set by plus
and minus three times the standard deviation over the full field in all images. Note the noise-like structure in the two
Stokes V images. i.e. a lack of any features. The Stokes I images, on the other hand, clearly show the LOFAR-HBA primary
beam attenuation effects on the remaining diffuse emission. The level of this emission is limited by the classical confusion
noise within the primary beam. The 3 x 3 box delineates the area where LOFAR measures the power spectra.

After this cleaning, the data cube resembles noise and can be weighted appropriately to estimate the
21-cm power spectrum. The Stokes-V power spectrum provides a useful estimate of the thermal noise
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level and can be compared to the Stokes I power spectrum (see Figure 3), which should contain the
EoR signal. At this stage, the Stokes-I power spectrum is typically about 2-3 times that of Stokes V.
Unfortunately, this is not an indication of an EoR detection, but more likely some other source of excess
noise. The exact source is still unclear, but contributions may come from sidelobe noise due to an
incomplete sky model, the effect of ionospheric noise, or the effect of only using the long baselines for
calibration.

Figure 3: The spherically averaged Stokes I and V power spectra after GMCA for L90490; The mean
redshifts are indicated in the panels.
The smallest value (2-sigma upper limit) in the Stokes-I power spectrum is (80 mK)2 at k=0.053 h
cMpc-1 in the redshift range z=9.6-10.6. This is still 2-3 orders of magnitude larger than the expected
EoR signal of ~1 mK2, but represents a competitive upper limit. PAPER (within 1150 hours) achieved a
limit of (22 mK)2 at k=0.15-0.5 h cMpc-1, at z=8.4, while MWA (within 32 hours) achieved (164 mK)2
at k=0.27h cMpc-1, at z=7.1. All of these numbers are comparable and although still large, already start
to make contact with some theoretical models in which the intergalactic medium (IGM) has cooled
without heating, maximizing the 21cm signal.
The LOFAR analysis was conducted on only 13 hours and represents a first pass through the data.
Some 2500 hours of data have been collected with LOFAR on both the NCP and 3C196 fields.
Improvements in the analysis should allow more of this data to be reduced leading to much improved
limits in the near future. The increasing maturity of the EoR analysis pipeline for LOFAR and the SKA
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precursors is now starting to address some of the crucial questions for how SKA EoR science will be
done and what are the key challenges still to be overcome.
Upper limits on the 21-cm Epoch of Reionization power spectrum from one night with LOFAR

A.H. Patil, S. Yatawatta, L.V.E. Koopmans, A.G. de Bruyn, M. A. Brentjens, S. Zaroubi, K. M. B. Asad, M. Hatef,
V. Jelic, M. Mevius, A. R. Offringa, V.N. Pandey, H. Vedantham, F. B. Abdalla, W. N. Brouw, E. Chapman, B.
Ciardi, B. K. Gehlot, A. Ghosh, G. Harker, I. T. Iliev, K. Kakiichi, S. Majumdar, M. B. Silva, G. Mellema, J.
Schaye, D. Vrbanec, S. J. Wijnholds; The Astrophysical Journal, 838:65 (16pp), 2017 March 20
Report provided by the EoR SWG

Pulsars Report
Main meetings/events from December 2016 until March 2017

Despite the season is not usually the most favourable for conferences and congresses, the Members of
the SKA Pulsar Science Working Group (SKA-PSWG) have had various opportunities for meetings and
discussions during the last months. These include the following:
1) Fast Radio Bursts: New probes of fundamental physics and cosmology
Aspen Center for Physics, Aspen, Colorado, 12-17 February 2017
This conference was planned to finally establish a direct contact between the pulsar community
(which began this field of research) and other astrophysical communities, which are nowadays
fruitfully involved in the studies of the Fast Radio Bursts. Various members of the SKA Pulsar SWG
attended the meeting, as well as many people belonging to the SKA Transients SWG and other SKA
SWGs.
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Image: The participants to the Fast Radio Burst meeting, grouped outside the Aspen Center for
Physics.
2) Detecting gravitational waves with a pulsar timing array
Veldhoven, NL, 17/18 Jan 2017
In the context of the yearly Dutch general Physics conference, members of the SKA Pulsar SWG were
invited to report and to discuss the detection of Gravitational Waves with the use of pulsar timing
array, including an outlook to future SKA efforts in this intriguing line of research

Image: A panoramic picture of the people attending the NWO meeting in Veldhoven
3) Detecting gravitational waves with a pulsar timing array
Leuven, Belgium , 8 Mar 2017,
At the yearly meeting of the Dutch/Belgian gravitational wave forum, members of the SKA Pulsar SWG
met and talked about the capabilities and the European Pulsar Timing Array (EPTA) and how SKA1
will significantly impact on this field.

Publications related to the PSWG from December 2016 to March 2017
During the 4 months from December 2016 to March 2017, about 120 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) Barr, E. D., Freire, P. C. C., Kramer, M., Champion, D. J., Berezina, M., Bassa, C. G., Lyne, A. G.,
Stappers, B. W., 2017, Monthly Notices of the Royal Astronomical Society, http://cdsads.ustrasbg.fr/abs/2017MNRAS.465.1711B A massive millisecond pulsar in an eccentric binary

SKAO eNewsletter December 2015
www.skatelescope.org

72

The paper reports on the results of an extensive timing campaign focused on PSR J1946+3417, a
member of the population of eccentric millisecond pulsar binaries with low-mass white dwarf
companions in the Galactic field. The mass of the pulsar and of the companion, as well as the
inclination of the orbit, have been determined and implications for the still obscure evolutionary
models discussed. SKA1 is expected to discover a large population of this kind of binaries.
b) Smits, C. G. Bassa, G. H. Janssen, R. Karuppusamy, M. Kramer, K. J. Lee, K. Liu, J. McKee, D. Perrodin,
M. Purver, S. Sanidas, B. W. Stappers, W. W. Zhu 2017, The beamformer and correlator for the Large
European Array for Pulsars
http://adsabs.harvard.edu/abs/2017arXiv170306438S (accepted for publication in Astronomy and
Computing) This paper deals with the software correlator and the beamformer which enables tiedarray beamforming from the raw voltages for LEAP. This software represents a new step on the way to
build the most suitable suite of codes for pulsar investigations with SKA1.
c) Luo, J.-T., Chen, L., Han, J.-L., Esamdin, A., Wu, Y.-J., Li, Z.-X., Hao, L.-F., Zhang, X.-Z., 2017, Research
in Astronomy and Astrophysics, http://cdsads.u-strasbg.fr/abs/2017RAA....17....9L A digital pulsar
backend based on FPGA. The authors present tests of pulsar observations obtained with a digital
backend based on a Field Programmable Gate Array (FPGA, a key technology also for the development
of SKA1 pulsar backends).
d) Wright, G., Weltevrede, P., 2017, Monthly Notices of the Royal Astronomical
Society, http://cdsads.u-strasbg.fr/abs/2017MNRAS.464.2597W Pulsar bi-drifting: implications for
polar cap geometry It is here investigated the hypothesis that the carousels of sub-beams seen in a
few pulsars, and hence their emission beams, are not circular but elliptical with axes tilted with
respect to the fiducial plane. The sensitivity of SKA1 is expected to allow the astronomers to finally
share light on the emission mechanisms underlying these carousels.
e) Shannon, R. M., Cordes, J. M., 2017, Monthly Notices of the Royal Astronomical
Society, http://cdsads.u-strasbg.fr/abs/2017MNRAS.464.2075S Modelling and mitigating refractive
propagation effects in precision pulsar timing observations This paper examines both the strength of
propagation effects associated with large-scale electron-density variations in the Interstellar Medium
and the methodology used to estimate infinite frequency arrival times of the pulsar pulses, a very
important investigation in the context of SKA1 low-frequency pulsar observations. It is found that the
frequency dependence of the trajectories of the propagating radio waves can limit the efficacy of lowfrequency (metre-wavelength) observations, especially when dealing with pulsars with large
dispersion measure.
f) Rookyard, S. C., Weltevrede, P., Johnston, S., Kerr, M., 2017, Monthly Notices of the Royal
Astronomical Society, http://cdsads.u-strasbg.fr/abs/2017MNRAS.464.2018R On the difference
between gamma-ray-detected and non-gamma-ray-detected pulsars Various correlations are found
and discussed in this papers, on the basis of which it is proposed that the gamma-ray-detected pulsars
form a single population where the main factors determining gamma-ray detectability are the rate of
rotational energy loss and the proximity of the line of sight to the rotation axis. The relation among
the geometry of the radio emission and that of the gamma-ray emission will be in the focus of SKA1.
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g) Ho, W. C. G., Ng, C.-Y., Lyne, A. G., Stappers, B. W., Coe, M. J., Halpern, J. P., Johnson, T. J., Steele, I.
A., 2017, Monthly Notices of the Royal Astronomical Society, http://cdsads.ustrasbg.fr/abs/2017MNRAS.464.1211H Multiwavelength monitoring and X-ray brightening of Be X-ray
binary PSR J2032+4127/MT91 213 on its approach to periastron The paper describes radio, X-ray, and
optical monitoring of PSR J2032+4127, a pulsar in a decades-long orbit with the Be star MT91 213,
and now moving rapidly towards periastron. Coordinated multiwavelength observations of this and
other similar systems will strongly benefit of SKA1, the instantaneous sensitivity of which is
instrumental for studying the short phases during which a pulsar interacts with the material released
by the companion star.
h) Yao, J. M., Manchester, R. N., Wang, N., 2017, The Astrophysical Journal, http://cdsads.ustrasbg.fr/abs/2017ApJ...835...29Y A New Electron-density Model for Estimation of Pulsar and FRB
Distances This manuscript presents a new model (dubbed YMW16) for the distribution of free
electrons in the Galaxy, the Magellanic Clouds, and the intergalactic medium (IGM) that can be used to
estimate distances to real or simulated pulsars and fast radio bursts (FRBs) based on their dispersion
measure (DM). The predictions of YMW16 are compared to those of the previous TC93 and NE2001
models showing that YMW16 performs significantly better: 95% of predicted Galactic pulsar
distances will have a relative error of less than a factor of 0.9. Thanks to thousands of additional pulsar
discoveries and the capabilities of obtaining many direct determinations of pulsar distances, SKA1 is
expected to test the new YMW16 model and to trigger another step ahead in constraining the
distribution of free electrons in the Galaxy.
i) Lyne, A. G., Stappers, B. W., Bogdanov, S., Ferdman, R. D., Freire, P. C. C., Kaspi, V. M., Knispel, B.,
Lynch, R., Allen, B., Brazier, A., Camilo, F., Cardoso, F., Chatterjee, S., Cordes, J. M., Crawford, F., Deneva,
J. S., Hessels, J. W. T., Jenet, F. A., Lazarus, P., van Leeuwen, J., Lorimer, D. R., Madsen, E., McKee, J.,
McLaughlin, M. A., Parent, E., Patel, C., Ransom, S. M., Scholz, P., Seymour, A., Siemens, X., Spitler, L.
G., Stairs, I. H., Stovall, K., Swiggum, J., Wharton, R. S., Zhu, W. W., Aulbert, C., Bock, O., Eggenstein, H.B., Fehrmann, H., Machenschalk, B., 2017, The Astrophysical Journal, http://cdsads.ustrasbg.fr/abs/2017ApJ...834..137L Timing of 29 Pulsars Discovered in the PALFA Survey Following
discovery with the Arecibo Telescope, confirmation and timing observations of 29 pulsars over
several years at Jodrell Bank Observatory are reported in this paper. These observations have yielded
high-precision positions and measurements of rotation and radiation properties.
j) Lyne, A. G., Stappers, B. W., Freire, P. C. C., Hessels, J. W. T., Kaspi, V. M., Allen, B., Bogdanov, S.,
Brazier, A., Camilo, F., Cardoso, F., Chatterjee, S., Cordes, J. M., Crawford, F., Deneva, J. S., Ferdman, R.
D., Jenet, F. A., Knispel, B., Lazarus, P., van Leeuwen, J., Lynch, R., Madsen, E., McLaughlin, M. A., Parent,
E., Patel, C., Ransom, S. M., Scholz, P., Seymour, A., Siemens, X., Spitler, L. G., Stairs, I. H., Stovall,
K., Swiggum, J., Wharton, R. S., Zhu, W. W., 2017, The Astrophysical Journal, http://cdsads.ustrasbg.fr/abs/2017ApJ...834...72L Two Long-Term Intermittent Pulsars Discovered in the PALFA
Survey The discoveries reported in this paper increase the number of known long-term intermittent
pulsars to five indicating the existence of a large population of these objects, most of which will be
finally detected by SKA1.
k) 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.
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R., McLaughlin, M. A., Nice, D. J., Pennucci, T. T., Ransom, S. M., Shannon, R. M., Siemens, X., Stairs, I. H.,
Stovall, K., Swiggum, J. K., Zhu, W. W., 2017, The Astrophysical Journal, http://cdsads.ustrasbg.fr/abs/2017ApJ...834...35L The NANOGrav Nine-year Data Set: Excess Noise in Millisecond
Pulsar Arrival Times It is shown that 26 out of 37 pulsars of the NANOGrav database show
inconsistencies with a white-noise-only model based on the short timescale analysis of each pulsar,
and the excess noise has a red power spectrum for 15 pulsars. The effects of that on the detection of
Gravitational Waves at nanohertz frequencies (one of the key aim of SKA1) are discussed.
l) Bassa, C. G., Pleunis, Z., Hessels, J. W. T., 2017, Astronomy and Computing, http://cdsads.ustrasbg.fr/abs/2017A&C....18...40B Enabling pulsar and fast transient searches using coherent
dedispersion This work introduces the implementation, called cdmt, of a coherent dedispersion
algorithm capable of dedispersing high-time-resolution radio observations to many different
dispersion measures. The software is used in an ongoing LOFAR survey which led to the discovery of a
millisecond pulsar, the first ever at 135 MHz. This new approach for searching for pulsars seems very
promising also for SKA1-LOW targeted searches.
m) 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://cdsads.u-strasbg.fr/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 analysis of single pulses from PSR J1713+0747 with data
collected by the Large European Array for Pulsars (LEAP). Single pulses preserve information about
the pulsar radio emission and propagation in the pulsar magnetosphere, and understanding the
behaviour of their variability is essential for estimating the fundamental limit on the achievable pulsar
timing precision, a key ingredient for properly planning SKA1 pulsar activities.
n) Stovall, K., Allen, B., Bogdanov, S., Brazier, A., Camilo, F., Cardoso, F., Chatterjee, S., Cordes, J. M.,
Crawford, F., Deneva, J. S., Ferdman, R., Freire, P. C. C., Hessels, J. W. T., Jenet, F., Kaplan, D. L., KarakoArgaman, C., Kaspi, V. M., Knispel, B., Kotulla, R., Lazarus, P., Lee, K. J., van Leeuwen, J., Lynch, R., Lyne,
A. G., Madsen, E., McLaughlin, M. A., Patel, C., Ransom, S. M., Scholz, P., Siemens, X., Stairs, I. H.,
Stappers, B. W., Swiggum, J., Zhu, W. W., Venkataraman, A., 2016, The Astrophysical
Journal, http://cdsads.u-strasbg.fr/abs/2016ApJ...833..192S Timing of Five PALFA-discovered
Millisecond Pulsars Timing observations of five millisecond pulsars were conducted with the Arecibo
and Lovell telescopes for time spans ranging from 1.5 to 3.3 years. All of them except one are in binary
systems with low eccentricities and one of them is likely a redback pulsar. SKA1 is expected to
discover and time thousands of binaries similar to these.
o) 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, http://cdsads.u-strasbg.fr/abs/2016ApJ...832..167F The NANOGrav Nine-year Data Set:
Mass and Geometric Measurements of Binary Millisecond Pulsars
This paper analyzes 24 binary radio pulsars in the North American Nanohertz Observatory for
Gravitational Waves (NANOGrav) nine-year data set. Fourteen significant measurements of the
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Shapiro delay - including new detections in four pulsar-binary systems – are obtained and the mass of
the two stars derived. SKA1 will provide a wealth of additional Shapiro delay determinations, finally
assessing the overall pulsar mass distribution.
p) Jones, M.L., McLaughlin, M.A., Lam, M.T., Cordes, J.M., Levin, L., Chatterjee, S., Arzoumanian, Z.,
Crowter, K., Demorest, P.B., Dolch, T., Ellis, J.A., Ferdman, R.D., Fonseca, E., Gonzalez, M.E., Jones, G.,
Lazio, T.J.W., Nice, D.J., Pennucci, T.T., Ransom, S.M., Stinebring, D.R., Stairs, I. H., Stovall, K., Swiggum,
J.K., Zhu, W.W., 2016, ApJ, submitted, http://adsabs.harvard.edu/abs/2016arXiv161203187J The
NANOGrav Nine-Year Data Set: Measurement and Interpretation of Variations in Dispersion
Measures. This paper analyzes dispersion measure (DM) variations of 37 millisecond pulsars in the 9year NANOGrav data release and constrain the sources of these variations. Variations are significant
for nearly all pulsars, with characteristic timescales comparable to or even shorter than the average
spacing between observations. Understanding such effects will be essential to the SKA1 project to
detect gravitational waves using pulsars.

Report provided by the Pulsars SWG
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The SKA Outreach World
ICRAR Report

Astrofest
Once again Perth’s annual astronomy festival
‘Astrofest’ delighted the public with interesting talks
and astronomy awesomeness all evening last
weekend. Now in it’s eighth year, approximately 3,500
people joined in on the 18th of March to celebrate all
things space and astronomy under and unfortunately
cloudy sky.
Held over an indoor stadium and outdoor oval area,
Astrofest brings together the WA astronomy
community for a night celebrating our night sky and
the research going on in the State.
The Square Kilometre Array is a great feature of the
evening, as well as its precursors the Murchison
Widefield Array (MWA) and CSIRO’s ASKAP which
both featured in a 3D printed scale model.
Astrofest also featured some great talks. Yves Doat
from the European Space agency shared WA’s role as
a gateway to space, local astronomers David Gozzard
from ICRAR-UWA spoke on Pluto, the oddball dwarf
planet, and Dr Natasha Hurley-Walker shared the
stunning results of the MWA’s GLEAM survey. CSIRO’s Dr Ray Norris shared with us the wonders of
Australia’s Indigenous People’s astronomy knowledge, and talented Astrophotography Roger
Groom gave the rundown on how to take photos of the night sky.
The stunning astrophotography exhibition was on show again with over 40 images from local WA
astrophotographers on show. The exhibition will head out again later this year and be on show in
Geraldton in August/September.
Astrofest is planned and run by ICRAR, with large support from Scitech and The Astronomical
Group of WA, on behalf of the WA Astronomy community. Over 20 organisations are involved in
making Astrofest a reality, through funding and volunteer support.
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Credit: Astronomy WA Astrofest

Credit: Astronomy WA Astrofest
Cosmos Computing

In January, Gregory Rowbotham and Kevin Vinsen went to Burrendah Primary School to test run
the new ICRAR Education and Outreach program, "Cosmos Computing".
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The upper primary school students had to work together and become a living computer. Each
student in the team was given one of three roles - CPU (Central Processing Unit), ALU (Arithmetic
Logic Unit) and Display. The students had a lot of fun following the instructions, or program, given
to them. Though they thought it was going to be easy they soon realised that each component of the
living computer could only do one task. The CPU could only read instructions; the ALU could only
add and subtract numbers; and the Display could only plot a coloured dot on the screen. With these
limitations imposed on them the students endeavoured to complete the program before the other
teams. The race was on!
By the end of the session the students had a better understanding on how computers function.
They realised computers are not smart at all, in fact, they are quite stupid - only good at completing
a series of simple tasks very quickly. Amazingly, some of the students not only mastered the basic
computer functions allocated to them but also started to come up with ways to do their tasks more
efficiently, effectively reinventing the idea of Caching and Hyper-Threading.
The Primary students had a really fun time with the program and also learned a lot about what is
actually happening inside the ubiquitous computers they interact with in their everyday lives.

Credit: ICRAR
Girls in STEM – the SPIRIT Telescope Initiative in Action

A group of year 10 “Hyperscience” students from Iona Presentation College in Perth are busy using
SPIRIT to capture the light from distant RR Lyrae stars. Part of the Girls in STEM outreach
programme at the International Centre for Radio Astronomy Research, these students are engaging
in authentic science –acquiring and analysing data and then submitting their light curve
photometry to the American Association of Variable Star Observers (AAVSO) for professional
accreditation. In many cases, the stars observed by these students are the first to have light curve
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photometry submitted to the AAVSO. The Hyperscience programme at Iona Presentation College
first sees students in year 9 learning about robotic telescope technologies, and engaging in basic
remote imaging techniques including astrophotography. Those returning in year 10 undertake
science projects. These include minor planet astrometry, bright star spectroscopy (using SPIRIT’s
web-enabled bright star spectroscope) or variable star photometry.

Now in its sixth year of operation and housed at the School of Physics at UWA, SPIRIT provides
students in Western Australia and beyond free access to research grade telescopes via the web.
Students and educators can control these telescopes in real time, engaging in contemporary
astronomy and participating in real science. SPIRIT is also supported by a full life cycle of
workshops and activities and funded as part of ICRAR’s education and outreach programme.
A flying classroom and a trip to the South Pole

Most high school students can expect excursions to the local science centre, zoo or museum, but
how about a trip to a continent few will ever get to see?
On Australia Day, 18 high school students from Kent Street High School in Perth boarded a Qantas
Boeing 747 aircraft and fly over the South Magnetic Pole.
The students were accompanied by their award winning teacher Ms Suzy Urbaniak, who received
the Prime Minister’s Prize for Excellence in Science Teaching in Secondary Schools last year, and
PhD candidates from The University of Western Australia and the International Centre for Radio
Astronomy Research (ICRAR).
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During the 12 hour round trip, PhD candidates Sarah Bruzzese and David Gozzard recreated
several classical experiments to detect cosmic rays and measure the Earth’s magnetic field as they
approach the South Magnetic Pole.
Mapping the Milky Way

Scientists have created a detailed map of the Milky Way using two of the world’s largest fully
steerable radio telescopes in Germany and Australia.

Credit: Benjamin Winkel and the HI4PI collaboration.
The research looked at neutral atomic hydrogen—the most abundant element in space and the
main component of stars and galaxies—across the whole sky in a survey known as HI4PI.
The HI4PI survey used CSIRO’s Parkes Observatory and the Effelsberg 100m Radio Telescope
operated by the Max-Planck Institute for Radio Astronomy. It improves the previous neutral
hydrogen study, the Leiden-Argentine-Bonn (LAB) survey, by a factor of two in sensitivity and a
factor of four in angular resolution.
Desert Telescope views sky in radio technicolour

A telescope located deep in the West Australian outback has shown what the Universe would look
like if human eyes could see radio waves.
The GaLactic and Extragalactic All-sky MWA, or ‘GLEAM’ survey, has produced a catalogue of
300,000 galaxies observed by the Murchison Widefield Array (MWA), a $50 million radio telescope
located at a remote site northeast of Geraldton.
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Credit: Radio image by Natasha Hurley-Walker (ICRAR/Curtin) and the GLEAM Team. MWA tile and
landscape by Dr John Goldsmith / Celestial Visions.
GLEAM is a large-scale, high-resolution survey of the radio sky observed at frequencies from 70 to
230 MHz, observing radio waves that have been travelling through space—some for billions of
years.
Completing the GLEAM survey with the MWA is a big step on the path to SKA-low, the low
frequency part of the international Square Kilometre Array (SKA) radio telescope to be built in
Australia in the coming years.
Report provided by the ICRAR
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SKA SA Report
SKA SA wins 3rd place for best exhibition at Scifest Africa 2017

SKA SA was awarded Third Place: Best Exhibition at Scifest Africa, South Africa’s National Science
Festival, at the festival’s awards dinner on Tuesday, 14 March 2017.

The festival, which celebrated its 21st consecutive event in Grahamstown, Eastern Cape from 8-14
March 2017, celebrated the theme Tour de Science in support of the International Year for Sustainable
Tourism for Development.
The SKA SA exhibition used hands-on activities to take visitors on a journey of discovery through the
Universe, Milky Way and Solar System to the SKA site in the Northern Cape. The winning team
consisted of SKA SA staff members Thobela Baxana, Mpho Lephaila, Simphiwe Zitha, Ofaletse Mokone,
Isabella Rammalla and Mariet Venter, as well as Rhodes University students, Nhlakanipho Mthembu
and Samuel Twum. The SKA SA team also facilitated two interactive workshops titled “Colour by
numbers” and “RFI Detective”.
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SKA and MeerKAT were also profiled on the festival programme through a public lecture presented by
SKA SA General Manager: Science Computing and Innovation, Dr Jasper Horrell; the “A conversation
with…” dinner series which saw an interview with SKA SA Science Promotions Coordinator, Anja
Fourie; and two science cafés, which featured Dr Horrell as well as SKA SA staff member, Thobela
Baxana and SKA SA Young Professional, Lerato Sebokolodi, as panel members.
The SKA SA team also participated in outreach events scheduled in Grahamstown, Port Elizabeth and
Uitenhage, while SKA SA collaborated with the Cape Town Science Centre to introduce more than 400
learners to coding at high schools in Alexandria, Grahamstown, Port Alfred and Uitenhage.
Brandvlei Stofskoppers steal the show at Scifest Africa

The Brandvlei Stofskoppers, a rieldans troupe from Brandvlei in the Northern Cape, returned home
with superstar status after they received a standing ovation and calls of “Encore!” at the Scifest Africa
official opening on Friday, 10 March 2017.

The troupe, consisting of eight learners from Brandvlei Intermediate School in Brandvlei, Northern
Cape, performed for VIPs and the general public before and during the official opening of the National
Science Festival by Minister of Science and Technology, Naledi Pandor.
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The troupe’s visit to the festival was supported by SKA SA, and included participation by the learners
and their educator, Thomas Arendse, in festival activities.
Lead female dancer, Luwandri Schräder, said that the highlights of the troupe’s festival experience
included the Scifest Africa laser show; meeting NASA Deputy Chief Technologist (Ret.), Jim Adams; and
the science show by Germany’s Die Physikanten. “It was also a wonderful experience staying in a
school hostel with learners from other provinces. Many of us have never travelled outside of the
Northern Cape province, and learning about other South African cultures was eye-opening.”
The rieldans, one of the oldest dance forms in South Africa, was born out of traditional Khoi and San
ceremonial dances performed around a fire, and has been practiced by descendants of these
indigenous people for many years. Recognised as a form of cultural expression, riel dances typically tell
the story of a playful courtship using fancy footwork, showmanship and colourful outfits.
SKA SA headed to semi-finals of FameLab SA

SKA SA Software Engineer Vereese van Tonder,
represented SKA SA at the semi-finals of the FameLab SA
science communication competition that was held on
Friday, 24 March 2017.
Vereese outperformed other students and young
scientists from AIMS SA, SKA SA and the University of
the Western Cape, with her talk titled Beam forming for
radio astronomy, at the SKA SA FameLab heat held at the
Cape Town Science Centre on 7 March 2017.
As winner of the heat, Vereese will also travel to
Mauritius in August 2017, to participate in an
international SKA SA Science Communication Workshop
and share her FameLab experience and skills with
tertiary students, content specialists and science
communicators from South Africa and the eight SKA
African partner countries.
SKA SA young professionals Amish Patel and Aphiwe
Hotele were placed second and third respectively in the
heat.
FameLab is an international science communication competition that challenges contestants between
the ages of 21 and 35 years to present a scientific concept/topic of their choice to the general public
with clarity and charisma. Contestants have only three minutes to present their concept/topic, without
slides and with only the props they are able to carry onto stage.
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The competition is held in over 25 countries, including South Africa, and culminates in the winner of
each country final participating in an international final at The Times Cheltenham Science Festival,
Cheltenham, UK in July 2017.
Participants in the SKA SA FameLab heat were required to communicate concepts/topics in astronomy,
big data, computer science, mathematics, physics, engineering, space sciences, or any other SKA-related
field.
Science Beyond Borders 2017

The Square Kilometre Array took part in Science Beyond Borders Festival, also known as Science Tube,
which was held at the Thabo Moorosi Multipurpose Centre in Kuruman between 13 and 16 February
2017.
Science Tube is a festival that is designed to celebrate the art of science and technology through
activities, interactive exhibitions and outreach at identified communities.
In this year’s event, SKA collaborated with HartRAO in exhibitions, workshops and presentations to
primary and high school learners at the Centre.
The SKA SA team was represented by Audrey Dikgale, Telescope Operator and Felicia Mmudi, and
intern with the AVN unit. HartRAO was represented by Simphiwe Madlanga, Science Communicator
and Thusani Ravhanga, an intern at HartRAO.

Audrey and Simphiwe were responsible for all learner workshops and presentations. The workshop
activities were based on creating solar eclipse viewers, astronomy/SKA word searches and colouring
galaxies. These were interactive presentations and activities, and promoted the “fun in science”
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perspective. Due to the large number of learners that attended, two workshops had to be held
simultaneously on some of the days.
Felicia and Thusani were responsible for the exhibition stand, which included educational/promotional
material distribution, while the rest of the team worked hard communicating science concepts to
thousands of learners throughout the week.
SKA SA participates in Southern Star Party
SKA SA participated in the bi-annual Southern Star Party (SSP), held at Leeuwenboschfontein Guest
Farm outside Touws River in the Western Cape from 22-27 February 2017.
A star party is a gathering of amateur astronomers for the purpose of observing the sky, but activities
at the SSP included astrophotography practicals, an astronomy quiz, guided observing sessions,
lectures, a Messier Marathon, a solar eclipse viewing and workshops.
The SSP is organised by StarPeople, a volunteer amateur astronomy group in Cape Town, and was
attended by more than 40 amateur astronomers from the Western Cape.
SKA SA General Manager: Communications and Stakeholder Relations, Lorenzo Raynard, presented a
lecture which explained the nature, quality and critical role of communications in a big science project
such as SKA; outlined the role amateur astronomers play within the public engagement of astronomy;
and invited the amateur astronomy sector to collaborate with SKA SA in the co-design of public
awareness and school outreach projects.
SKA SA also hosted NASA Deputy Chief Technologist (Ret.), Jim Adams, who presented a lecture about
how investments in big astronomy and space sciences projects, such as SKA, will always yield
unintended technology and innovation spin-offs.

The next SSP will be held at Leeuwenboschfontein Guest Farm in October 2017.
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SKA SA exhibits at second annual Science Forum South Africa

Square Kilometre Array South Africa participated in the second annual Science Forum South Africa,
which was held at the CSIR International Convention Centre in Pretoria on 8 and 9 December 2016.
Science Forum South Africa is an initiative of the Department of Science and Technology and is
designed as a “public science” event open to all interested stakeholders, to provide a platform for
discussion and debate on the role of science in South Africa, the African society and globally.
SKA SA had a team of staff members who interacted with stakeholders, members of the public and
school learners informing them about the role of SKA in science, as well as career opportunities at the
SKA.
The SKA team included Zwivhuya Ramudzuli, Nikhita Madhanpall, Isabella Rammala, Athanaseus
Ramaila, Aphiwe Hotele and Mpho Lephaila.

SKA SA also hosted a panel discussion titled Getting involved in the knowledge economy in a practical
way. The objective of the session was to initiate a dialogue around realistic ways in which South Africa
can meaningfully grow its participation in the global knowledge economy.
The points under discussion were the transitions required in education to break traditional teaching
methods in order to instil innovation-and-entrepreneurial mind-set; providing a supportive
environment to grow knowledge economy; the process of skills and knowledge transfer; and nurturing
talent and career development.
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The panel discussion was chaired by Wendy Lucas-Bull from the Barclays Africa Group Limited. The
panellists were Sinenhlanhla Dlamini from Ongoye High School, winner of the 2016 Eskom Expo for
Young Scientists, Dr Serge Tshibangu from the Sol Plaatje University, Dr Bernie Fanaroff, former SKA
SA Project Director and Special Advisor to the current Director; Nikhita Madhanpall, Rea Nkhumise and
Olorato Mosiane from SKA SA.
The new SKA SA corporate exhibition was also on display for the first time. The display consists of
three 3 metre-wide panels depicting SKA SA instruments including MeerKAT, HERA, C-Bass and the
Ghana antenna in Kutunse.
More than 1600 people attended over the two days with more than 100 exhibitors participating in the
exhibition.
Report provided by SKA SA

UK Outreach Report

SKA Scientist Talking Science at the Daresbury Laboratory
Members of the public were able to hear about the the
SKA, as part of the ‘Talking Science’ series at the STFC
Daresbury Laboratory in November 2016. Professor Keith
Grainge, from the Jodrell Bank Centre for Astrophysics at
The University of Manchester, is leading the SKA Signal
and Data Transport Consortium (SADT) which has
responsibility for developing the networks which will
transport science and auxiliary data throughout the SKA,
as well as the synchronisation and timing for the
telescope.
Professor Grainge explained to the audience the
importance of the next generation of astronomical
telescopes currently being designed and built by scientists
and engineers around the world.
“We are living in a really exciting time. We have some very
powerful instruments coming online like the European
Extremely Large Telescope (E-ELT), the Atacama Large
Millimeter/submillimeter Array (ALMA), the James Webb
Space Telescope (JWST) and the SKA at radio wavelengths. The SKA will have a vast collecting area,
and will spread out across the landscape with some antennas as much as 3000km apart.”
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After getting a taster on the wide range of science that the SKA will perform, from cosmology and the
early Universe to the search for extra-terrestrial life, the audience were excited to hear about the scale
of the data transport challenge the SKA engineers are facing, with Professor Grainge explaining the
vast data transport rates in terms of the current world internet traffic.
“We are transporting 30% of an internet from the antennas to the central processor, then 20% of an
internet out of the desert, about 1000km, to the Science Data Processor (SDP) and finally 100Gb/s to
scientists around the world.”
The evening concluded with an opportunity for the audience to ask Professor Grainge their own
questions about the science and technology behind the world’s largest science project.
-----------------------------------------------------------------------------------------------------------------------The Talking Science lectures are monthly lectures run by the Science and Technology Facilities Council
(STFC), giving the public the opportunity to hear about the inspiring science and technology projects
being carried out by UK researchers.
For more information on Talking Science please visit the website:
www.stfc.gov.uk/ public-engagement/see-the-science/talking-science-at-daresbury-laboratory/

Engaging the Public with the World’s Largest Radio Telescope
The Jodrell Bank Discovery Centre (JBDC) at the University of Manchester has created an outreach
programme to both raise public awareness of the innovative engineering behind the SKA and increase
the public engagement experience of the UK SKA engineering community. The project, funded through
the Royal Academy of Engineering Ingenious scheme, brought together the JBDC Education Team and
UK-based engineers working on the design of the SKA.
Together they designed a kit of engineering demonstrations which can be used by SKA engineers to
engage the public with the inspirational design of the SKA. The kit included equipment such as a
parabolic microphone - to illustrate how radio waves are focussed by the SKA dishes, a radio
frequency detector and spectrum analyser, a pocket thermal camera and an optical fibre with laser
pen, to demonstrate how the vast quantity of data obtained by the SKA will be transported. The kit has
been distributed to SKA teams at the Universities of Cambridge, Manchester and Oxford and also to
the Communications and Outreach team at the SKA Organisation, (which was eligible for involvement
as it is currently a UK-registered company based at Jodrell Bank).
In addition, the JBDC Education team developed two school workshops, which include presentations,
lesson plans and suggested demonstrations, all of which will be available for future download via
astroEDU (astroedu.iau.org).

SKAO eNewsletter December 2015
www.skatelescope.org

90

More than 38 engineers have been involved in various aspects of the project; from providing technical
input to the hands-on kit, to delivering outreach at events such as the Bluedot festival at Jodrell Bank
(www.discoverthebluedot.com), which provided an opportunity to engage with new audiences not
normally seen at Science and Discovery Centres.
Evaluation from the public who participated in the engineering demonstrations showed that more
than 90% felt that they had learnt something about the engineering of the SKA and enjoyed the
activities. Feedback from the engineers who took part in the project was also very positive as 100%
reported that they enjoyed the experience and found it rewarding, while more than 80% reported that
the experience boosted their outreach confidence and improved their communication skills.
The demonstration kit and teaching material will continue to be used to raise awareness of the SKA,
helping teachers and engineers to inspire the engineers of the future.

Photography by Howard Barlow for Jodrell Bank Discovery Centre

Girls Night Out at the Jodrell Bank
Discovery Centre
The SKA was the focus of the recent Girls Night Out event at the
Jodrell Bank Discovery Centre. On 9th March 2017, more than 100
members of the public attended the event and were given the
opportunity to learn more about the SKA and well as trying their hand
at soldering to make their own illuminated badges.
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Dr Anna Scaife, from the University of Manchester, inspired the audience as she explained the vast
scale and challenges behind the design and construction of the SKA, and highlighted the revolutionary
science that the SKA will perform.
After constructing individual SKA radio telescope dishes, the participants re-created the spiral
structure of the proposed SKA layout, against the backdrop of the iconic Lovell Telescope. Feedback
from visitors, both on the night and via social media, has been very positive, including one visitor’s
comment ‘Special evening for me and my daughter. Loved it’

Photography by Howard Barlow for Jodrell Bank Discovery Centre

The UK prepares for SKA Key Science Projects
On Thurs 8th December, 2016, nearly 70 astronomers from over 15 UK Universities gathered at the
University of Bath to attend a 1-day science meeting on UK science interests with the Square
Kilometre Array - hosted in collaboration with the Science and Technology Facilities Council and the
UK SKA Science Advisory Committee. The goal of the meeting was to discuss the breadth and depth of
UK SKA science - which was shown to cover diverse areas from Solar Physics and Planet Formation to
Galaxy Evolution, Cosmology and the Transient Universe - and to begin to support the UK astronomy
community in identifying and developing international science leadership and involvement within the
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global SKA project. Updates on the current status of the SKA project were provided by key SKA staff
along with a number of talks from UK scientists highlighting SKA-related science.
Significant time during the meeting was devoted to breakout discussions around the Key Science
Projects, with the aim of obtaining input for a SKA science priority and funding strategy document for
the UK, currently being developed by the UK SKA Science Committee.

Report provided by Hilary Kay, UK SKA Outreach Officer

News From Observer Member Countries
News From Japan
SKA-JP Engineering Regional Workshop in Kagoshima

The engineering working group of the Japan SKA consortium held a conference entitled “SKA-JP
Engineering Regional Workshop in Kagoshima” at Kagoshima University in December 17 2016.
The purpose of the conference was to introduce the SKA project mainly to academic and industry
engineers, to discuss their technical capabilities or technical seeds related to the SKAs engineering
requirements, and to boost Japanese SKA-related engineering activity. There were a total of 48
participants including 16 attendee’s from industries in Kagoshima prefecture and in Kyushu area.
Sixteen oral presentations and eighteen poster presentations were also given. All oral presentations
were requested to provide poster presentation to help with better understanding and discussion.
Outcomes of this meeting included some industry engineers joining the consortium. Moreover, we
achieved a diverse exchange of opinions about what kind of technology Japan can provide to the SKA
project when Japan takes part in the project. The working group hopes to continue organising similar
conferences in other regions in Japan. The conference HP is http://milkyway.sci.kagoshimau.ac.jp/skajp-ewg2016/
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Figure1: Group photo of SKA-JP Engineering Regional Workshop in Kagoshima.
Workshop on Galaxy Evolution and High-z Universe 2017

An SKA-JP workshop “Galaxy Evolution and High-z Universe 2017” was held from 7th Jan to 9th Jan at
Aso, Kumamoto. This is the fourth of this workshop series. We had 26 participants and 22 talks on
Epoch of Reionization, galaxy evolution and cosmology. One of the features of this workshop was that
we had several invited talks on other wavelengths such as ALMA and Subaru HSC/PFS and synergies
between the SKA, with some intensive discussions taking place.
Last year, we joined the MWA, one of the SKA precursors, and developed “MWA-Japan”, A report on the
progress of observational research using the MWA and future prospect was another highlight of this
workshop. Especially, early results on cross-correlation between redshifted 21cm line from the MWA
and Lyman-alpha emitter from Subaru HSC/PFS survey and its physical interpretation with numerical
simulation were presented. This is one of the main interests of MWA-Japan and we will investigate the
possibility of cross-correlation between the SKA and Subaru as well.
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SKA Engineering Report for Japanese Researchers/Engineers

The SKA Japan consortium has written a Japanese report about the SKA technologies. The purpose of
the report is to introduce engineering developments for the SKA to Japanese researchers and engineers
and to encourage them to join the work package consortia (WPC). The report summarises the WPC,
their developments, and the SKA design including the result of our study of the SKA technologies and
possible Japanese contributions. We will distribute the report not only to the Japanese radio astronomy
community but also to academic and industrial researchers, to help them to understand the SKA, and
then stimulate Japan to join the SKA. The report is being available from SKA-JP’s webpage.
Report provided by Hiroyuki Nakanishi, Kagoshima University

News From Spain
Since the last newsletter, 2 outreach talks have been given by Lourdes Verdes- Montenegro at the
Instituto de Astrofísica de Andalucía-CSIC in Granada, in December 2016 and February 2017. These talks
were addressed to the general public and reached the local audience of Granada. They were both well
attended and several copies of the SKA prospectus were handed out.
Both conferences were broadcasted in streaming and are now available at the IAA Communication
YouTube Channel.

Caption: Lourdes Verdes-Montenegro, staff Scientist at the IAA-CSIC and coordinator of the Spanish
participation in the SKA, during her presentation of “The Square Kilometre Array or… what Einstein,
Jodie Foster and 300 engineers have in common”. On 15th December 2016.
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Additionally, in mid-March, Lourdes Verdes-Montenegro was invited to give a talk at the Instituto de
Ciencias del Espacio-CSIC in Barcelona, to explain about the Spanish participation in the SKA.
Report provided by IAA-CSIC

News From France
The SKA-France coordination is continuing to organise regular scientific, technological and industrial
meetings for structuring the involvement of the French community in the SKA preparation. These
activities will be an important element for the evaluation of the SKA in the on-going revision of the
French Roadmap for Research Infrastructures, whose results are expected to be published in early
2018.
Second SKA-France Image Processing Workshop

The Second SKA-France Image Processing Meeting took place at the Lagrange Laboratory of Côte
d’Azur Observatory (Nice) on February 27th, 2017.
Participants brainstormed about their recent developments on state-of-the-art algorithms for
calibration and deconvolution of radio astronomy observations. The discussion was followed by one
participant from Bull/ATOS, company in charge of coordinating two of the working groups (Co-design
and Parallelisation) which were set up during the Second SKA-France High Performance Computing
Workshop.
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Physics of the Interstellar Medium with the SKA Workshop

The Physics of the Interstellar Medium with the SKA Workshop was held at IRAP (Toulouse) on
February 27-28, 2017.
The workshop brought together interested scientists from different countries to get them acquainted
with the expected capabilities of the SKA, and to establish a list of scientific topics related to the
interstellar medium that are expected to benefit from the SKA and to be of interest to French
researchers.

Low-energy cryogenic solutions Meeting

The company Callisto has launched, with the support of the SKA-France coordination, an action on the
cryogenic low noise amplifiers. A meeting (“Low-energy cryogenic solutions for SKA”) was hosted at
Callisto headquarters in Villefranche de Lauragais (Toulouse) on March 7, 2017. Invited participants
include several SKA-France industrial and research partners.
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French White Book Workshop

The publication of a French White Book (expected by autumn 2017) is intended to present an overview
of the scientific, technological and industrial interests of the French community for the SKA. A general
meeting between the coordinators of the different chapters was held on March 21-22, 2017, in Orsay.

New members of the SKA-Coordination
Michel Caillat (Observatoire de Paris, LERMA Laboratory)

Michel is working at Paris Observatory as a research engineer in software development. From 2004 to
2016 he had been working for the development of the ALMA data model. Michel has joined the SKAFrance team as Project Assistant to coordinate the HPC activities developed by SKA-France and its
industrial and academic collaborators.
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Kévin Barriere (CNRS/INSU)

Kévin has recently joined the CNRS-INSU and the SKA-France coordination for a one year contract
starting on November 2016. He is currently working in collaboration with the SKAO as Power Engineer
Assistant.

Report provided by Chiara Ferrari, Coordinator of SKA-France
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