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B.2 S&T QUALITY
B.2.1. Introduction

PATH2SKA' is about people but recognises how an iconic project can stimulate the delivery of
effective and inspiring training. The people in question are early-stage European researchers who
have the potential to become future leaders of research and enterprise. The project in question is
the next-generation radio astronomical telescope - the Square Kilometre Array (SKA).

Astronomy is globally recognized as a vital tool for educating and training members of society in
science and technology, and this is true at all levels from young children to early-stage
researchers. The EC has played a critical role in fostering this: e.g. by inspiring children through
the European Universe Awareness (EUNAWE) project; by developing European optical and radio
astronomy facilities, and their exploitation, through the OPTICON and RadioNET networks; and by
playing a crucial role in driving SKA itself through the SKADS and PrepSKA projects. Nevertheless,
there has been a crucial shortcoming in the "supply chain" of skilled people that astronomy has
produced — very few have been trained in an environment that unites academia and enterprise.

14 PhD Students

PATH2SKA LIVING LAB
ACADEMIC

SECTOR IESR 1
PHD 6 ‘pyp 34/ PHD 5 PHD 1 A ity

INDUSTRIAL

PHD11 | IESR 2
PHD 2
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ASTRONOMY . :
IESR 3 4 IESRs Flg' 1

PHD 8 4 THEME B:
FUNDAMENTAL
PHD 4 PHYSICS

PHD 13
IESR 4 SCIENCE and

pHp 7 | PHD 9 PHD 10 PHD 3 SOCIETY

To address this shortcoming, PATH2SKA will, for the first time, create an astronomy-driven living
lab. It will be built around two inspirational, but traditionally distinct, themes - astronomy and
fundamental physics - that through PATH2SKA will become enmeshed and ultimately coalesce to
address the “post-Einstein’ goals of the iconic SKA project. Interactions between PATH2SKA
fellows are key to this concept, as is access to a superb suite of research and training facilities.

The generic S&T objectives of PATH2SKA are driven by the training needs of its creative
community of 14 PhD students and 4 industrially-placed early-stage researchers (IESRs):
1. Training in the innovative techniques needed to exploit SKA pathfinders for world-leading
astronomy and fundamental physics (activity coded blue in the ‘doughnuts’ of Fig. 1).
2. Training in commercially relevant technologies including hardware signal processing,
software, data management and e-Science (coded red).
3. Training in engaging wider society through "Citizen Science’, enterprise and spin-out socio-
economic activity (coded green); all fellows will spend some time on such outreach

These objectives will be delivered by the set-up and operation of the PATH2SKA living lab, and its
success evidenced by the innovative cross-disciplinary research outputs of the PATH2SKA fellows.

" http://www.physics.ox.ac.uk/astro/PATH2SK A
Part B — Page 5 of 46



PATH2SKA

B.2.2. Essential background and participation of the private sector

The SKA (right) is one of just two future astronomical facilities on the European Roadmap for
Research Infrastructures (ESFRI). It is a global project with strong European leadership. It
promises a genuinely transformational science return. Its design and exploitation presents
technological challenges demanding innovation and
symbiotic partnerships between academia and industry.

This “Path to the SKA” (PATH2SKA) proposal combines
training-through-research with training in research and
complementary skills. It will generate scientists and
technologists that can move easily between the
academic and industrial sectors and between countries.
It will be a vibrant network designed to excite and
motivate those who take part in it. Its set-up is
particularly timely because its training programme can
be based around analysing results from scientific and
technological SKA pathfinders, so PATH2SKA fellows
can be inspired by the possibility that their work influences the final design of an iconic project.

The SKA will be supported by an ICT infrastructure designed to handle data rates exceeding the
current internet traffic of the Earth. It thus acts as a superb vehicle for building up a skilled, pan-
European research base as it demands a supra-disciplinary approach embracing emerging areas
like hierarchical exascale computing and e-Science. The scale of the SKA means it can only be
constructed as a global project, and this ITN proposal PATH2SKA will help ensure that European
researchers are ideally placed to maintain leadership of its Science and Technology.

PATH2SKA will foster close working relationships between academia and industry based around a
set of research projects, mainly leading to a PhD, and mainly explicitly interdisciplinary (multi-
colour doughnuts in Fig, 1) and intersectoral. It unites European groups of renowned excellence in
astronomy with industrial partners, forming a collaborative framework that aims to firmly establish
European leadership in SKA-inspired training. It provides an excellent platform for ensuring that
European industries play an active role in the SKA: PATH2SKA includes 4 full and 3 associated
commercial partners that will host and train seconded PhD students. Other associated partners
include the Europe-based international SKA HQ, and organizations associated with the prospective
SKA core sites in Australia and South Africa. The commitment of the academic partners is
demonstrated by their provision of matching funding for PhD projects. The commitment of the
industrial partners is demonstrated by their unfunded contributions to the training programme.

PATH2SKA is structured to ensure that initially inexperienced fellows in academia and industry are
trained within a single team. A major component of their training will come from embedding them in
an interdisciplinary and intersectoral programme, promoting transnational and intersectoral
employability. Solving the scientific and technological challenges on the way to the SKA will bring
diverse benefits to the European private sector, and PATH2SKA has attracted industrial partners
ranging from small-and-medium-sized enterprises (SMEs) to large companies. PATH2SKA fellows
can expect to go on to careers in both academia and commerce.

PATH2SKA research projects are associated with experiments undertaken with SKA science and
technology pathfinders able to deliver new scientific results by virtue of their novel technologies.
These experimental facilities are based in Australia and South Africa, as well as in Europe.
PATH2SKA fellows will be closely connected to the design of the SKA itself by ensuring that their
work programmes typically include an element of SKA simulation: this aspect of their work will be
pursued in collaboration with the SKA HQ. In these ways, the main advantage of the living lab
research paradigm is realised: the final end-users of the SKA, and the technology spin-offs it will
inspire, will be centrally involved in early-stage R&D for the SKA.

Part B — Page 6 of 46
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B.2.3. State of the art and S&T Objectives of PATH2SKA

The proposed scientific and technological area for PATH2SKA is pathfinder activity leading to
the SKA project. The ultimate aim of the SKA project itself is to construct the most powerful radio
telescope in the world: nearly 100-times more sensitive than existing radio telescopes and with the
capacity to conduct surveys of the sky up to a million-times faster. The telescope will consist of an
array of antennas with a total collecting area of one million square kilometres, spread across a
desert landscape, in either Australasia or Southern Africa, and covering a frequency range of ~70
MHz to ~10 GHz (starting with Phase-lI SKA, or SKA, around ~2016, and SKA; around~2022).

The SKA science impact will be broad, encompassing topics in cosmology, fundamental physics,
astronomy, planetary science and astrobiology as detailed in the SKA science-case book?.
PATH2SKA focuses on the two research themes (A and B) identified® as the key science for SKA;,
and in which pathfinding activities will yield significant breakthroughs.

L| Theme A: Astronomy with neutral Hydrogen (HI). This is the most abundant element of the
‘normal’ matter of the Universe but state-of-the-art observations detect it only to a distance
corresponding to redshift z=0.2, and then over only very small regions of the sky. Probing the
z>6 Universe and making all-sky surveys with HI are both possible with SKA pathfinders. High-
redshift HI work is critical because it probes the time when the first stars and galaxies formed,
and their radiation triggered an “Epoch of Re-ionization”. All-sky surveys are key to
understanding how HI traces dark matter. Specific PATH2SKA science objectives are:

'" To make the first all-sky HI surveys of the local Universe, establishing how HI traces dark
matter, and how the associated radio continuum traces the history of star formation.

To make and interpret the first sensitive surveys for HI in the Epoch of Re-ionization (EoR),

potentially detecting the first direct evidence of this key epoch in the history of the Universe.

Theme B: Fundamental Physics with pulsars. State-of-the-art observations have tested

Einstein’s theories of gravity in systems in which pulsars are orbiting at speeds around 10 per

cent of the speed of light, and have put limits on the gravitational wave background due to

merging supermassive black holes. SKA pathfinders have the potential to make strong-field

(pulsar speeds approaching the speed of light) tests of Einstein Gravity and to detect the

predicted cosmic background of gravitational waves. Their utility as fundamental laboratories

has already been demonstrated through results from observations of a number of objects,
resulting in two Nobel Prizes. Specific PATH2SKA science objectives are:

'" To make the first all-sky surveys of fast transients and pulsars, potentially discovering the

“holy grail” of a pulsar-black hole binary, and certainly providing the first characterization of

the dynamic radio sky and new timing targets for the Pulsar Timing Array (PTA).

The most-precise-yet PTA, with the potential to detect gravitational waves or the sources of

gravitational waves, and certainly revolutionizing knowledge of pulsars through

comprehensive multi-wavelength timing campaigns using cutting-edge technology

We expect convergence of the astronomy and fundamental physics communities during
PATH2SKA driven, in part, by the ITN itself. For example, SKA pathfinders will use HI galaxies to
trace Baryon Acoustic Oscillations (BAOs), remnants of early-Universe sound waves, and hence
the accelerating expansion of the Universe. This pertains to fundamental physics as it constrains
dark energy and the mass scale of neutrinos. Conversely, astronomy with SKA pathfinders will
firm-up evidence of black-hole spin-up underlying the background of gravitational waves expected
from black hole mergers, informing fundamental physics experiments with the PTA.

In 2102-2016 there will be significant S&T advances using SKA pathfinders (Sec B.2.4), but there
is no coherent European coordination of this. The appropriate research methodology is to
combine the skills of the full PATH2SKA partners, and to collaborate with key associated partners
(e.g. teams associated with the prospective SKA sites). In this way, PATH2SKA creates the
innovative research environment needed to address generic S&T Objective-1.

* Carilli & Rawlings, 2004, http://www.skatelescope.org/pages/science_gen.htm
? Garrett, inter alios Rawlings, et al., 2010, http://adsabs.harvard.edu/abs/2010arXiv1008.2871G
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The state-of-the-art in SKA-pathfinder technology is well described by the facilities available to
PATH2SKA fellows (Sec B.2.4) but essentially relies on five major sub-systems: sensors, signal
transport, signal processing, computing and software. Significant innovative research is needed to
deliver the sub-systems needed to meet the science specifications of the final SKA instrument,
powering on-going international efforts in the SKA pathfinders and (largely) technical, rather than
scientific, demonstrators such as the Europe-led Aperture Array Verification Programme (AAVP).

The goals of the innovative work have been directed towards expanding fields of view (FoV),
increasing instantaneous bandwidth or tuning range, and maintaining the standards of low system
noise set by previous generations of telescopes. Several concepts are under international
development for new designs of wide-band, single-pixel feeds. Phased-array feeds (PAFs) at the
focus of a dish may be a cost-effective way to increase the FoV - up to several tens of square
degrees - and hence transform the survey speed of a single dish. Aperture arrays (AAs) provide
ultimate flexibility by directly sampling the incident electric field without moving parts: they can form
many widely separated beams on the sky, which can be “re-pointed’ almost instantaneously. By
forming many beams the instantaneous field of view can be 100s of square degrees,

PATH2SKA specific technological objectives are:

L Contributing technical work on beam-forming, RFI mitigation and calibration to LOFAR and
the AAVP, incorporating expertise from industry in radar and signal propagation
1 Developing next-generation calibration and post-processing techniques and software for

use with SKA pathfinders and ultimately the SKA.
Developing novel post-processing computing solutions for data from SKA pathfinders.
Incorporating generic e-Science solutions, wherever possible, into the analysis of SKA
pathfinder data and its combination with data from other facilities.

Although the SKA project itself obviously addresses these technological challenges, it has no
dedicated effort by PhD students working with industry as (i) there are obvious risks of putting
inexperienced researchers on the critical path of an R&D project and (ii) the incorporation of
industrial partners into the SKA awaits the resolution of IPR issues that will only come post-2012
once the SKA site decision is made. However, in areas such as soft- and firm-ware, data
processing and data analysis, the appropriate research methodology for PATH2SKA is to target
generic SKA-related research projects suitable for inexperienced researchers participating in joint
academic-industrial research programmes. In this way, PATH2SKA creates the innovative
research environment needed to address generic S&T Objective-2.

Just as we expect convergence between the communities in astronomy and fundamental physics,
we also expect convergence in their technological approaches to these research themes. The first
attempts to detect HI in the EoR are already targeting fields containing pulsars since these can be
used to aid calibration. Ultimately, there will be no such thing as dedicated “pulsar back ends’ as
more powerful and flexible processing systems will allow full piggybacking: the high time resolution
required for pulsar observations will be available as a software option applied to a data stream
useful for general astronomical imaging. Expertise sharing in software is already more advanced
than is the case with hardware, with pulsar and other astronomers already sharing tools used, e.g.,
for Bayesian inference. Again, PATH2SKA will accelerate this convergence, by ensuring hardware
and software expertise is shared between what are currently too-widely-separated communities.
The state-of-the-art in engaging wider society in astronomy is typified by projects like
Galaxy Zoo* that successfully utilises, and engages, the public through human-brain-intensive, but
computer-aided, tasks like pattern recognition. The utilization of so-called ‘Citizen Cloud’
computing — exemplified by the SETI@Home5 programme - in which dormant computers in society
are employed for data processing - is also growing. The International Astronomical Union is taking
these and related ideas of socio-economic impact into the developing world through their Office for

* http://www.galaxyzoo.org/
> http://setiathome.berkeley.edu/
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Astronomy Development®. To address generic S&T Objective 3, PATH2SKA thus has some

specific citizen-science objectives:

L Investigating the use of ‘Citizen Cloud’ computing for SKA pathfinder data analysis.

L] Establishing the circumstances under which radio astronomy and satellite communications
can co-exist, opening up the possibility of utilizing 30-m-class radio antennae across Africa.

B.2.4. Experimental facilities in the PATH2SKA Living Lab (state-of-the-art technology)

PATH2SKA focuses on two key technological areas for the SKA: aperture array (and focal plane
array) sensors, and novel signal and data processing. These underpin most of the SKA pathfinders
capable of delivering advances in the science themes to be explored by PATH2SKA fellows.

The following experimental facilities are central to the PATH2SKA ITN Living Lab. Note that, with
the exception of ASKAP, MeerKAT and probably AAVP, these facilities are based in Europe, and
are often pan-European in the strictest sense that they work by combining raw signals or
processed results from receptors physically sited in a number of European countries.

* AAVP (Aperture Array Verification Programme) is Europe’s <1GHz regime science-capable
Aperture Array (AA) system to be deployed (after the SKA site decision in 2012) in either
Australia or South Africa. The European vision of the SKA places this technology at the
heart of the SKA. The AAVP will make the first detection of the power-spectrum of Hl on
‘BAO’ scales, and study transient radios sources including pulsars, providing technical
proofs of concept for transformational science enabled by AAs in the final SKA. The AAVP
is a collaboration involving all the full academic partners of this proposal.

» ASKAP (Australian Square Kilometre Array Pathfinder) is connected to PATH2SKA through
associated partners CAASTRO and ICRAR. It is a mid-frequency (0.7-1.8 GHz) array of 36
12-m dishes with Focal Plane Array (FPA) feeds, operational in Western Australia from
2012. It will make the definitive survey of southern HI galaxies in the local Universe.

e APERTIF (APERture Tile In Focus) is full partner ASTRON’s mid-frequency (0.9-1.7 GHz)
FPA pathfinder on the Westerbork Synthesis Radio Telescope (WSRT). A first astronomical
image with a prototype FPA has been obtained, with full operation on 14 25-m WSRT
dishes in 2012. It will make the definitive survey of nearby HI galaxies in the north.

e e-EVN (electronic European VLBI Network) is additional partner JIVE’s long-baseline fibre-
connected dish interferometer with dish receptors spread across Europe and into Asia and
Africa. It started science observations in 2006 through the EC-funded EXPReS project, and
is now in full operation. It routinely provides ultra-high-resolution observations of transient
radio sources — and will be critical to characterising newly discovered examples.

e EPTA (European Pulsar Timing Array) is a pan-European collaboration involving the five
largest radio telescopes in Europe: Effelsberg (MPG); WSRT (ASTRON); Nancay
(OBSPARIS); Lovell (UK); and the Sardinia Radio Telescope (INAF). These facilities will
combine their observations of a set of millisecond pulsars, with the primary aim of detecting
a stochastic Gravitational Wave Background.

e Goonhillly Earth Station is being re-developed by full partner GES Ltd so that its three 30-m
radio dishes and numerous smaller antennae — can be flexibly deployed for astronomy and
deep-space communications. During PATH2SKA, these dishes will be connected to e-EVN,
and connected together to form the Goonhilly Transient Interferometer (GTI). It will host a
Space Science Centre where PATH2SKA ‘Citizen Science’ activity will be coordinated.

e LOFAR (Low Frequency Array) is ASTRON’s low-frequency (10-80, 120-240 MHz) AA
pathfinder, forming up to 8 separated beams. About 40 LOFAR stations are funded in the
Netherlands with stations in Germany, France, Sweden, UK and three planned in Poland. It
is designed to make the first detection of HI in the Epoch of Re-ionization.

 MeerKAT (Karoo Array Telescope) is an associated partner to PATH2SKA. It will be a mid-
to high-frequency (0.5-15 GHz) pathfinder of 64 13.5-m dishes in South Africa. At its lowest
frequencies it will make the deepest surveys of HI galaxies prior to the SKA, and at its
highest frequencies, it will detect molecule-rich galaxies in the EoR.

8 PATH2SKA aims to participate in this programme that is run out of South Africa, http://www.iau.org/education/oad/
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APERTIF (left)
and LOFAR
(right):
ASTRON’s SKA
pathfinders
adopting focal-
plane array
(FPA) and
aperture array
(AA) technology

p A respectively.

B.2.5 Science-led research sub-programmes and team synergies

In PATH2SKA we have devised a coherent programme of science-led projects exploiting the key
attributes of the SKA pathfinders (Sec B.2.4), combining their capabilities when scientifically
advantageous. The range of research topics is focussed in two themes: astronomy (HI) and
fundamental physics (pulsars). Strong links will be developed between the science-led PhD
students with a desire for increasing synergies between HI (including EoR) research, coordinated
by Raffaella Morganti (ASTRON), and pulsar (and transient) research coordinated by Michael
Kramer (MPG). The fellows will belong to a privileged group with first access to world-class
facilities. They will develop new observing strategies and techniques, and analyse astronomical
data with the aim of publishing results in high-profile journals.

The HI research team will draw together complementary expertise in ASTRON, Lisbon, Oxford,
OBSPARIS, INAF-Rome and SRC PAN. ASTRON leads APERTIF and LOFAR - transformational
facilities for HI surveys at the lowest and highest redshifts. Lisbon has world-leading expertise in
the simulation of the HI signal from the Epoch of Re-ionization. Oxford led the SKADS simulation
programme7 and will continue to develop these tools to aid interpretation of pathfinder data and to
plan for the SKA. INFA-Rome hosts expertise on the key optical datasets complementary to SKA
HI surveys. SRC PAN will host a remote LOFAR station and has the ionospheric expertise needed
to develop calibration methods for long baselines. Each PhD student will spend a significant time
away from the host institute to maximise interactions, and to utilise the complementary expertise
and facilities at the different institutes. Secondments to MonetDB, S&T and Deimos will profoundly
help with software and calibration issues. The full industrial partner S&T will hire and train an
Industrial Early-stage Researcher (IESR) to facilitate knowledge transfer in model-based control.

The astronomy projects are:

® PhDS5. The cosmic evolution of neutral Hydrogen with APERTIF and ASKAP (FP: ASTRON;
IP: S&T; AP: CAASTRO, ICRAR, IAA)

® PhDG6. The cosmic evolution of continuum radio emission with APERTIF, LOFAR and e-
EVN (FP: INAF-Bologna, ASTRON, Oxford; AP: JIVE, SPO, IAA, UWC)

® PhD7. Cosmology with the SKA in the context of other key future facilities (FP: INAF-Rome,
Paris, Oxford; IP: MonetDB; AP: SPO)

® PhD8. Atomic Hydrogen in the Young Universe: predictions for LOFAR and the SKA (FP:
IST-Centra, ASTRON; IP: Deimos; AP: SPO)

® PhD14. Modeling of near-Earth plasma turbulent regions: next-generation ionospheric
calibration for deep HI observations (FP: SRC PAN, ASTRON, Oxford; IP Chronos).

7 http://s-cubed.physics.ox.ac.uk/
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The pulsar and fast-transient research team will draw together complementary expertise in MPG,
ASTRON, Oxford and INAF-Cagliari. MPG leads LEAP (Large European Array for Pulsars) and
has world-leading expertise in pulsar astronomy. ASTRON leads LOFAR and APERTIF that are
transformational facilities for pulsar and fast-transient surveys. Oxford has developed a novel
stream-processing solution for stand-alone science with LOFAR stations. INAF-Cagliari are central
to the EPTA through the Sardinia Radio Telescope. Each PhD student will spend a significant time
away from the host institute to maximise interactions between the partner institutes, and to fully
utilise the complementary core expertise at the different institutes. Secondments to GES, MonetDB
and QinetiQ help with software and hardware issues relevant to these projects.

These fundamental physics projects are:

® PhD1. Characterizing the fast-transient radio sky with LOFAR and APERTIF (FP: ASTRON;
IP: S&T; AP: JIVE, SPO)

® PhD2. Pulsar timing with enhanced back-end processing: pulsar science with the AAVP
(FP: MPG, ASTRON, Oxford; IP: QinetiQ, AP: ICRAR)

e PhD3. Pulsar timing with the EPTA: steps to the detection of gravitational waves (FP: MPG,
INAF-Cagliari; AP: SPO)

® PhD4. Large-area transient surveys on the pathway to the SKA (FP: MPG, Oxford; IP:
GES; AP: CAASTRO, SPO)

B.2.6 Technology-led research sub-programmes and team synergies

In PATH2SKA we have also devised a coherent programme of technology-led projects exploiting
the key technologies required for transformational science with the SKA, namely sensor systems
based on phased arrays and flexible digital signal processing coupled to sophisticated back-end
data processing. Strong links will be developed between all technology-led PATH2SKA PhD
students because the work programmes of the entire team leads ultimately to participation in either
the AAVP or MeerKAT. Sensor technology efforts will be coordinated by Mike Jones (Oxford); and
the back-end processing efforts will be coordinated by Nuno Catarino (Deimos).

The calibration of SKA-related interferometers is a complex problem that requires the development
of novel calibration schemes: (i) for amplitude and phase correction for mechanical, electrical and
electronic variations in the signal path; (ii) that use non-astronomical data to aid in the calibration of
ionospheric, and tropospheric, signal corruptions; and (iii) next-generation self-calibration schemes
exploiting the astronomical data itself. All calibration schemes must operate in the presence of
varying degrees of Radio Frequency Interference (RFI), and optimum RFI mitigation strategies
need to be developed. In all these areas the PATH2SKA programme will benefit from expertise in
industry that has not previously been closely integrated with radio astronomy.

The research team involved in the technology-led projects includes three of the PATH2SKA
academic partners: ASTRON, Oxford and Paris. ASTRON is perhaps now the top radio astronomy
institute worldwide and has historically led most aspects of the development of astronomical
aperture arrays. During SKADS and PrepSKA, Oxford built up expertise in digital signal
processing, high-performance computing and software engineering that complements ASTRON’s
core expertise. Paris has specific expertise in beam-forming: during SKADS they provided the
beam-forming solution for the EMBRACE aperture array from which the AAVP will develop. Three
full and one associated industrial partners will complete the technical team: Chronos Technology,
Deimos Engenharia, GES and QinetiQ. These companies bring complementary skills in
ionospheric calibration, calibration systems for satellite radio interferometers, satellite
communications expertise and calibration of large-element-number synthetic aperture radars.

The three full industrial partners will each hire and train an IESR. In Deimos the goal of the IESR
will be to facilitate knowledge transfer in calibration techniques for small precisely-calibrated
interferometers. In GES, the IESR will be to facilitate knowledge transfer in satellite
communications and Cloud Computing. In QinetiQ, the goal of the ESR will be to facilitate
knowledge transfer in broad-band beam-forming and calibration of radar arrays
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The PATH2SKA fellows working on AAVP- and MeerKAT-relevant PhDs are:

B.2.7R

PhD9. Beam-forming: AAVP (FP: Paris, ASTRON)

PhD10. RFI Mitigation: AAVP (FP: Oxford, ASTRON; IP: QinetiQ; AP: ICRAR)

PhD11. Calibration: AAVP (FP: ASTRON, Oxford; IP: Deimos; AP: ICRAR)

PhD12. Algorithms for self-calibration: AAVP (FP: Oxford, ASTRON; IP: Chronos)

PhD13. Post-processing solutions: MeerKAT (FP: Oxford; IP QinetiQ, GES; AP: MeerKAT)

ole of Associated Partners and Work Packages

Three types of associated partners are involved in PATH2SKA.:

Partners who operate, or have guaranteed observing time on, SKA pathfinders to be used
by PATH2SKA fellows. These are: JIVE, the pan-European entity which operates the e-
EVN; MeerKAT, the SKA pathfinder in South Africa; CAASTRO, an Australian Centre of
Excellence, ICRAR, Western Australia’s International Centre for Radio Astronomy.
Industrial partners with SKA-relevant technical expertise, namely: Chronos Technology, an
SME expert in radio signal propagation; and MonetDB, an SME expert in databases.
Universities with specific expertise: Malta, signal processing; IAA, e-Science; UWC, multi-
waveband survey science.

Partners that link this proposal to the international SKA efforts, namely the SPO.

Partners with outreach and Citizen-Science expertise, namely the Adler Planetarium

Key elements ensuring effective overall integration into a research training collaboration are:

Contribution from a number of partners to each project

Close ties to SKA pathfinders and SKA technical developments

Substantial overlap and inter-dependence to encourage parallel advances in all fields
Fundamental involvement from the industrial partners (explicit in ~70% of the projects

Full Partners Associated Partners
112|314 |5 |6 |7 8 (9 |10 (1 |2 |3 |4 |5 |6 |7 |8 |9 |10
1 4 |3 3 |3
2 |3 6 1 4 |3 3 |4 2
3 |6 |3 6 |9 |12 2 3 2
4 |3 |6 3
5 3 1
6
7
8 |4 |6 6 2 |3 3 3 |1
9 6
10

The Table above shows the number of months PhD students from full partners (rows) will spend
with other full or additional partners (columns): blue represents international mobility; orange,
intersectoral mobility; and red, both. Full partner 5 is itself a (Portuguese) industrial-academic
consortium. The Table below is a List of Work Packages.

WP no. | Title Activity Lead Others | Start End

WP1 Management Management | UXOF.DB All Month -2 | Month 48

WP2 Recruitment, Diversity | Outreach ASTRON All Month -2 | Month 48
& Outreach

WP3 S&T Research MPIfR All Month 1 | Month48

WP4 Training Training OBSPARIS All Month 1 | Month 48

WP5 Knowledge Exchange | Knowledge Deimos All Month 1 | Month 48
& Impact Exchange

B.2.8 Response to 2011 Evaluation.

Mark 4.8/5. Weakness: ‘expected advances in fundamental physics and astrobiology not detailed'.
Response is in Sec B.2.3: fundamental physics impact of PATH2SKA is detailed under Theme B
and there is a clear statement that astrobiology lies outside the focus of Path2SKA.
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B.3 TRAINING
B.3.1 Motivation and overview of the proposed training programme

The six main Training Objectives of PATH2SKA are:
« Training-through-research based on the set of specific projects outlined in Sec B.2
* Induction into a large, diverse and global community focused on a common goal
« Exploiting intersectoral and transnational mobility via secondments and visits
e Local training in core research skills within both academic and industrial environments
* Network-wide training in generic or specialized S&T and complementary skills
» Network-wide training in skills associated with ‘Citizen Science’ and outreach
e Training in the development of concise and accurate oral and written communication skills

The management and quality control of PATH2SKA are described in Sec. B.4.2 in which the
PATH2SKA Supervisory Board (PSB) sets the overall strategy and defines the skills requirements.
The common goal of the research and training activities is to prepare fellows to use and technically
develop the SKA pathfinders exploiting, wherever possible, academic-industrial partnership for new
insights. The SKA is easily the most ambitious radio telescope ever envisioned and its pathfinders
will produce breakthrough science. The depth and breadth of the skills needed by PATH2SKA
fellows requires a training programme of huge scope, beyond the capabilities of a single or a few
EC countries. The multi-disciplinary training will generate a highly skilled cadre of fellows.

Less than half of the PATH2SKA fellows are likely to go on to long-term career linked to the
science or technology of the SKA, so PATH2SKA must be designed to address wider needs.
PATH2SKA will provide training in generic research and complementary skills. In this regard, the
mix of Universities, research facilities and industries in the network is crucial, as is the programme
of secondments and networking explicit in the research projects (Sec. B.2.7).

Most early-stage researchers move between sectors within the first few years of their
research careers, most commonly PhD students leaving a University and joining the private sector
just after obtaining their PhD, or after a few additional years in academia. PATH2SKA will attempt
to “break the mould’ of these rather dated training methods by promoting, as far as possible,
equality of training opportunities for the Early-Stage Researchers (ESRs) registered for PhDs and
the Industrial ESRs (IESRs). Although their eventual careers are likely to be diverse, we anticipate
that all fellows will draw on skills gained during their PATH2SKA training to maximize their career
potential, as well as benefiting from the emphasis in their early training on mobility between sectors
and between countries. There will always be an element of training locally, but network-wide
training will be a large and fundamental part of PATH2SKA throughout the programme.

Training-through-research is organized via the projects outlined in Sec B.2, and
detailed in Sec B.4.3. These are designed such that PATH2SKA fellows are part of a coherent
research team in which they will benefit from interacting with other fellows both inside and outside
of their area of specialism. To some extent these interactions will develop naturally via email etc,
but PATH2SKA will set-up structures aimed at developing PATH2SKA as a vibrant research
community. These structures are described in “other networking activities” below.

Local training will exploit established and proven structures which will bring the
additional benefit of connecting PATH2SKA fellows to much larger groups of researchers inside
their home institutes. Although local customs, academic curriculae and requirements vary
throughout Europe, the following gives a fair description of the schedule of local training at a
PATH2SKA academic partner.

Each fellow will be assigned a primary and secondary research supervisor (for a PhD), or
mentors (for IESRs) who will be responsible for one-to-one research training and pastoral care.
These responsible individuals are highly skilled and experienced as is detailed in Sec. B.7. The
fellows will work with their supervisors or mentors to construct and keep updated a personal
career development plan. Recalling that recruited researchers will typically have a first degree in
computer science, engineering, mathematics or physics, they will attend courses setting out the
basics of astrophysics, astro-particle physics and cosmology, covering theory and practice,
including technical elements. During year 1, there will be two lectures and a practical class each
week, covering material at the level of a final-year undergraduate specializing in astrophysics.
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The fellows will develop research skills through courses on IT, software packages, coding
and high-performance computing, typically based on practical assignments. They will take courses
on oral and written communication. They will be expected to attend weekly astrophysics colloquia
given by internationally-recognized experts, and encouraged to interact with the speaker in a social
setting afterwards. They will attend other seminars, journal clubs and national and European
meetings as directed by their research supervisors. The graduate course will mix taught material
with student-led discussion groups. The material will be interdisciplinary including computational
and numerical methods, engineering and statistics. Students can take advantage of courses
arranged by a University, e.g. in languages and other transferrable skills. They will be encouraged
to attend courses outside the University, e.g. on third-party software packages like IDL. Fellows will
be asked to write reports at the end of their 1st and 2nd years describing their research plans and
achievements. Local staff members who are not either of the fellow’s supervisors, or mentors, will
assess this material alongside each Fellow’s personal career development plan, reporting back to
PATH2SKA management. Progression from a probationary research student to a PhD is
contingent on satisfactory progress. Fellows will be encouraged to visit schools. PATH2SKA ERs
will benefit from interacting with all other (up to 50 or so) local postdocs covering a wide range of
research areas, and can participate in, and help organize, regular postdoc-organised journal
clubs’ that will use modern communication and interaction tools to involve all PATH2SKA fellows®.
Many of the academic partners operate radio telescopes, often literally “in their backyard” and

many are building SKA-preparatory instruments there. This allows additional training activities:

e ‘“Early science” experiments to bring fellows together in a structured and challenging
environment where they will combine their skills in a joint pathfinder experiment

e Scientific interaction with visiting international observers, besides SKA pathfinders (Sec B.2.4):
MPIfR hosts Effelsberg; OBSPARIS runs Nancay; INAF runs the Sardinia Radio Telescope etc.

Training in complementary skills will take place in three main ways. First, the industrial partners
will provide professional courses in technology transfer, intellectual property issues, project
management and entrepreneurship. Second, the academic partners will provide courses on IT
skills, presentation skills, languages, ethics and communication. Third, the organization of all
network-wide events, be they face-to-face meetings or videoconferences, will include elements
dedicated to complementary skills. Given the added value of the network-wide training
opportunities of this large ITN, these elements of PATH2SKA will be compulsory for all fellows.
After such training, it is expected, for example, that all fellows will contribute chapters to the
PATH2SKA book that will produced following the wrap-up meeting.

PATH2SKA is designed to ensure “on-the-job” training in organizational and leadership
skills. The ESRs will either be working towards a PhD, or be working on projects with well-defined
goals. Although guided by supervisors and mentors, the detailed planning required to achieve their
goals in a timely manner is ultimately the responsibility of the ESRs. PATH2SKA will support initial
training in core skills such as proposal writing, task co-ordination and the use of IT and
presentational aids. It will also provide a support structure in which the more experienced fellows
can advise and guide the less experienced ones. In both sectors there will be opportunities for
fellows to lead small-project teams or undergraduate training in a University.

To train the PATH2SKA fellows in complementary skills, courses will be offered by
QinetiQ, which is an FTSE-250 company with over 8000 scientists, specializing in the transfer of
high technology to market. QinetiQ will organize joint training in technology transfer, IP and project
management and offer these courses to other network members via their QinetiQ Learning and
Development Group. These could be held in the QinetiQ Conference Centres either at the Malvern
or Farnborough sites. Other courses in complementary skills will last 4 days, with 20-25
participants (including ITN members). Hard and electronic copies of all presentations will be made
available to the participants. These courses would form part of the Career Exploratory aspects of
the training. The courses are aimed at increasing the awareness of fellows, alerting them to
applications of their research in industry and educating them in commercial exploitation of results.

At PATH2SKA events, S&T will give introductory courses in dependable software
development and best practices from Earth Observation Space projects. Both software

& The collaborative on-line tool Diigo (http://www.diigo.com/about) could underpin the Path2SKA community
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development methodology and specific optimisation approaches will be treated. Members of the
PATH2SKA consortium will be invited to in-house training events organised by S&T on an ad hoc
basis. Benefits for S&T of taking part in PATH2SKA include the involvement in processing of
extremely large sets of survey data, which will increase their capabilities in handling the next
generation of sensor systems in space, security and geophysical monitoring as well as positioning
this company for participation in SKA.

At PATH2SKA events, Deimos Engenharia will give an introductory course (one-day) on
mid-sized software management tools and techniques. This would be a practice-oriented course,
mainly using ‘real world’ examples. The course will include software design tools and procedures,
coding and documentation standards, validation and testing, as well as time and human resources
management. There is regular in-house training in areas like software development, programming
languages, project management, quality standards. The duration of these courses go up to several
days, typically given in half-day sessions. These courses will be open to PATH2SKA fellows.

At PATH2SKA events, GES will give an introductory course on synergies between radio
astronomy and satellite communications. This will include discussions of the requirements of deep-
space transmission and reception as well as conventional material. GES also have expertise in
educational software and the use of Citizen Cloud Computing to generate cheap processing
solutions for certain types of data analysis problem. Finally, GES has a strong track record in
entrepreneurship and business development including complex deals between government,
industrial and academic institutions. They will give seminars in all these areas.

In terms of specific skills that the industrial partners can transfer

Deimos has developed calibration and processing techniques for
small precisely-calibrated orbiting interferometers using ESA-
compliant software

GES has developed several new technology systems including the
first DSP-based modem for satellite communications and software for
space science education.

QinetiQ has developed comprehensive knowledge of broad-band
beam-forming and calibration for large ground-based sensor arrays.

S&T has developed software packages capable of optimizing the
operation of sensor arrays in which element failures must be

. ssmf.e8 recognized and gracefully managed.

-

-

-v‘ Examples of relevant expertise in PATH2SKA industrial

partners, Simulated seasonal sea-salinity maps for the SMOS

4 mission: Deimos has simulated this earth observation data

“dm-‘ resulting from the calibration and data processing of a precise
radio interferometer; many techniques will be useful for SKA

pathfinder research.

s
In more general terms, the industrial partners bring different skills to those typically developed in
academia: software engineering and management; systems engineering approaches etc
B.3.2 Structure

The network-wide international schools will exploit the unique locations and facilities of Oxford
University, ASTRON, the Goonhilly Earth Station, MPIfR and the University of Malta for a set of
five two-week schools aimed at providing the intense face-to-face contact and project immersion
needed to initiate, develop and exploit the ‘living lab’ paradigm (which is normally a territorially-
bound research community and therefore challenging to make work across a global collaboration).
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This part of the PATH2SKA training programme will be organized by essentially the same team
that organized FP6 SKADS-MCCT that the EC recently judged to be highly successful.

This SKADS-MCCT programme
organized 10 events from 2007 -2009

ranging in length from a few days to two

weeks. The longer schools mixed

lectures with extended practical sessions
involving software, hardware and science
exploitation of facilities. These events
were typically attended by 30-80 people
(see right). Details of these meetings can

be found on http://mcct.skads-
eu.org/p/program.php.

The proposed schedule and locations of the W PATH2SKA international schools are:

r—y

Lead Date Location Purpose
UOX.DB Nov 2012 (Month 2) Oxford Induction of 4-year PATH2SKA PhD students
Astrophysics
and Oxford Basic training in radio astronomy (science and
e-Research computing) and practical work
Centre
MPIfR Nov 2013 (Month 14) | Effelsberg Induction of remaining PATH2SKA fellows
Start of industrial secondments for many
PATH2SKA fellows
Basic training in radio astronomy
(observational and engineering) and practical
work. One day set aside for outreach activities
(Sec. B.3.6); students visit for 1 week.
GES Aug 2014 (Month 23) | Goonhilly Training and practical work in Citizen Science
Earth Station
PATH2SKA fellows teach at global radio
astronomy school with ~50 students
One day set aside for outreach activities (Sec.
B.3.6); students visit for 1 week
ASTRON | Aug 2015 (Month 35) | ASTRON Advanced training in radio astronomy
and JIVE PATH2SKA fellows teach at global radio
astronomy school with ~50 students
One day for outreach activities (Sec. B.3.6);
students visit for 1 week
UOX.DB Sep 2016 (Month 48) | Malta Internal Meeting producing comprehensive
University summary of PATH2SKA .

Presentation of PATH2SKA results to
international conference of ~100 people;
proceedings published as a book®

Outreach activities; students visit for 1 week

Oxford University is perfectly suited to the PATH2SKA “kick-off school’ as it has all the facilities
needed to host a series of lectures and practical assignments in scientific and computational radio

® e.g. http://www.physics.ox.ac.uk/users/Karastergiou/Greece2010/home.html for similar editing by PATH2SKA team
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astronomy. Indeed, a very similar course was successfully run at Oxford during the MCCT SKADS
programme in 2009: the Oxford e-Research Centre has expertise and facilities in supercomputing
and data visualization to aid both the lectures and the practical assignments.

The subjects to be covered would include: Radio astronomy fundamentals; Sources of radio
continuum; Sources of radio lines; Polarized Emission and Magnetism; Pulsars and radio
transients; Radio Interferometry; Radio facilities and science niches; Data calibration (plus
practicals); Imaging (plus practicals); Algorithms (plus practicals); High-performance computing
(plus practicals) E-Science methods (plus practicals)

Image: Andreas Schurichier, Bad Neusnaly

Effelsberg (above left), Goonhilly Earth Station (above right) and ASTRON/JIVE — made available
through full partners GES, MPIfR and ASTRON - have superb resources for training PATH2SKA
fellows in radio astronomy and other technical and transferable skills. These resources, and
training possibilities they open up, include:

1. One 100-m class antenna and three 30-m class antennae with interchangeable front-ends and
flexible back ends for galactic (line) and extragalactic (continuum) observation and lab facilities
allowing experimentation with receivers

2. LOFAR, WSRT and JIVE EVN correlator control centres and LOFAR high- and low-band

stations.

On-site maser and International connectivity allowing e-VLBI software correlation

Smaller antennae for experiments in telescope control, beam measurement and RFI location

An on-site interferometer (the Goonhilly Transient Interferometer) for observational work

(monitoring transient radio sources) and experimentation with correlators and beam forming.

6. On-site computing facilities for developing data analysis skills using locally-acquired data and
data from international archives

ahrw

These sites represent the ideal locations for basic training in observational radio astronomy and
the engineering concepts that underlie radio telescopes. The PATH2SKA cohort would be split into
about 5 groups of about 3-4 each to cycle through training activities based on resources at each
site, e.g. (1) through (6). These practical activities would be supervised by staff from MPIfR, the
Consortium of Universities for Goonhilly Astronomy (CUGA, including Oxford) and employees of
GES and ASTRON/JIVE.

These venues are also the ideal location for basic training in Citizen Science. CUGA (including
Oxford), GES and Adler Planetarium can support 5 or so projects suitable for Citizen Science
applications and can again train PATH2SKA fellows in small (~3 person) teams. An example of a
variant on a ‘Galaxy-Zoo’-type programme would include setting up and then analyzing ‘citizen
data’; (e.g. mouse clicks) for visual structural classification of radio sources. An example of a
‘Citizen Cloud’ application would be developing code to, for example, search data streams for
accelerating pulsars, and then to execute that code in the Citizen Cloud. The on-site Goonhilly
Space Science Centre will act as hub for ‘Citizen Science’ so, in the summer months, when it hosts
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large numbers of visitors (~1000 per day), there will be significant opportunities for PATH2SKA
fellows to partake directly in outreach activity. It will also host large summer schools for
international radio astronomy students. PATH2SKA fellows will be encouraged to pass on their
skills in all aspects of radio astronomy to less-experienced researchers attending international
summer schools at Goonhilly. We hope this model will spread to other PATH2SKA venues.

The ‘wrap-up’ international school will consist of a week during which PATH2SKA fellows will
generate their own conclusions on the project, gathering together written summaries of all the
results achieved, and editing these into a comprehensive report. This will be followed by an
international meeting at which highlight results will be presented as oral papers and posters. This
will be held at the University of Malta — again a tested venue through the SKADS programme.

The network-wide training events will feature one large training event each year organized in
PATH2SKA. All four will be open annual events of 5 days duration. Four Organizing Scientists
(Sec. B.3.2) will assist in their organization. Subjects of network-wide interest that will be covered
in the yearly events include: data analysis, databases and the Web, high-performance computing,
numerical algorithms, future trends in computer technology, Citizen Science, proposal writing,
current topics in radio astronomy, and working towards constructing and using the SKA (science
and technology). The following mix of the possible practical formulae for the organization of these
events has been chosen, in order to optimize their impact on training. The team of four Organizing
Scientists (Sec B.3.2), who will play leading roles in these events, provides an excellent match to
the multidisciplinary approach of the networking activities. The wide scope of subjects to be
covered warrants their presence as well as (different) external experts chosen dependent on topic.

Event | Title WP | Lead Project Month
1 PATH2SKA: Basics 4 Deimos Month 9

2 PATH2SKA: Intermediary 4 UOXF.DB Month 21

3 PATH2KSA: Advanced 4 INAF-Rome Month 30

4 PATH2SKA: Showcase 4 OBSPARIS Month 45

e Event 1, to provide training in some of the more fundamental themes through a series of
courses: 25 PATH2SKA participants, 3 outside experts, 2 Organizing Scientists. Venue: one
used regularly for astronomy meetings, in Sesimbra, 40 km from Lisbon

 Event 2, with both lectures and related practical assignments, focusing more on the data
analysis, computing, algorithms and Citizen Science aspects of the SKA: 20 participants, 3
external experts, 2 Organizing Scientists. Venue: University of Malta

e Event 3, with both lectures and related practical assignments, focusing more on the radio
astronomical aspects of the SKA: 20 participants, 3 external experts, 2 Organizing Scientists.
Venue: at INAF, Rome Observatory site

« A final showcase Event 4, to let the fellows show their achievements in PATH2SKA: 50
participants, 4 external experts, 4 Organizing Scientists. Venue: Paris Observatory

We propose that sufficient time will be allocated at each of these meetings for constructive and
structured interactions between PATH2SKA fellows only, without the presence of their supervisors
and other senior staff, to encourage them to interact with their peers and to seek out knowledge on
their own. The projects that will be undertaken in PATH2SKA cover a wide range of topics and
disciplines and the students have a great opportunity to learn from each other. As well as allowing
cross-fertilization it also helps to build confidence and experience in scientific discussions.

In addition there will be four training courses, each of 3 days duration, with 20-30

PATH2SKA participants and 3 outside experts.

e Course 1 “Science and Instrumentation for Wide-field imaging and Calibration” (ASTRON).
Focus on PAFs and AAs, both on technical aspects and science, and have some practical
assignment on the related data calibration (MeqTrees and Peeling software etc.).

e Course 2 “e-VLBI/SKA training course” (JIVE). Training for potential e-EVN users, e.g. how
to prepare e-EVN observing proposals and how to interpret the data analysis pipeline
results, and potential of SKA. This could be organized parallel to an EVN Symposium.
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e Course 3 “PATH2SKA deep and wide field surveys and the e-EVN: connecting pipelines”
(JIVE). SKA pathfinders have an ability to demonstrate top-quality science in VLBI mode
using e-VLBI technologies - in particular for semi-automated observations of transient radio
sources triggered by external facilities (e.g. SKA pathfinders, Sec B.2.4. The observations
will be based on methodology developed under the FP6 EXPReS project. Participants will
get hands-on experience in conducting real-time observations and pipeline data
processing. The events will be organized in two formats: as two stand-alone 1-2 day
seminars at JIVE, and as one-day extensions to other events, e.g. a regular EVN
Symposium or an annual NOVA School hosted at ASTRON.

e Course 4 “Radio observations and the ionosphere” (at the SRC PAN in Poland). The
turbulent ionosphere has a dramatic impact on low-frequency radio data and a number of
correction techniques are currently being investigated. Topics will include: (i) physics of the
ionosphere; (ii) statistical methods describing the ionosphere; (iii) impact of the ionosphere
on data quality; (iv) mathematical methods to remove the ionosphere; (v) training in
software systems that are capable of dealing with aspects of the ionospheric perturbances.

Course | Title WP | Lead Project Month
1 Calibration and Imaging 4 ASTRON Month 24
2 e-VLBI 4 JIVE Month 25
3 Wide-Field e-VLBI 4 JIVE Month 36
4 The lonosphere 4 SRC PAN Month 37

Other networking activities will be organized throughout the PATH2SKA structure

Video conferencing: easy-to-use software means that this can now be used as an effective
training tool. PATH2SKA will set up a series of one-hour-long bi-weekly training video
conference sessions which will be on a diverse range of topics from proposal writing to the
latest developments in SKA engineering. Fellows will be involved in choosing some of the topics
so that they can define which areas of their knowledge are able to benefit from these sessions.
This will allow all of the fellows to interact with the appropriate expert on each of the topics. As
well as an important learning tool, this ensures regular contact amongst the PATH2SKA team.
Electronic web-based networking: this indispensable tool for the smooth operation of a multi-
partner network will be used to its full extent. The SKADS WiKi provides an excellent model to
follow and develop, possibly in the Diigo and Google frameworks. Furthermore, the PATH2SKA
Network Administrator will, under the scientific guidance of the ESRs, link together a suite of
web-based guides to software and data analysis in radio astronomy; training will also be
provided in web-page creation skills.

Visits and secondments between PATH2SKA participants will be pursued, given the
complementary nature of the PhD projects and the skills that can be acquired in this manner.
The minimum level of this programme is defined by the demands of the joint projects, but we
anticipate a much larger network will develop naturally as research links develop.

Seminars: all participants have regular seminar series, and most regularly organize special
conferences or meetings where ESRs can show the results of their projects.

Summer-student programmes: some partner institutes (e.g. ASTRON) already have
programmes that provide 10-weeks-long, hands-on research experience in radio astronomy. A
number of additional positions focused on PATH2SKA-related research will be organized.
Attendance at international conferences to disseminate PATH2SKA results: there will be
numerous national, regional (e.g. EAS), and international meetings (e.g. IAU, CALIM) — many
SKA-related events are likely to be organized during 2012-2016.

Exchange of “best practice” with other ITN and astronomy projects: e.g., ground-based optical
(E-ELT) and space-borne radio/IR astronomy (Herschel), and any RadioNET-3 activities
Establishment of a PATH2SKA virtual community using the Google Organisation toolset
(including Google+ chat for group discussions), discussion forums (using Diigo), blogs and
Facebook. This will be smoothly interfaced with the local (partner) use of these and other tools.
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B.3.3 Role and contribution of participants from within and outside the network

Four eminent scientists will have special responsibility in the organization of the PATH2SKA large
events, each doing so on a voluntary basis. Their individual and combined expertise enhances the
multidisciplinary nature of the training programme. These will also help the Coordinator edit the
Proceedings book that will emerge from the wrap-up international meeting.

Bruce Elmegreen works in the Research Division of IBM. His interests in astrophysics
include star formation and galactic structure in which he has authored nearly 200 articles. He
joined IBM from faculty at Columbia, and introduced them to hardware accelerators for multi-
particle simulations of molecular dynamics, fluid motions, electromagnetic interactions, and stellar
systems. This led to IBM’s design and manufacture of the MDGRAPE-2 accelerator. He was Chair
of the Publications Board of the American Astronomy Society. In 2001, he received the Dannie
Heineman Prize of the American Physical Society in Astrophysics.

Martin Kersten has devoted most of his career to the development of database systems.
The latest incarnation is the open-source system MonetDB, which demonstrates viability of the
column-storage approach as a base for both an efficient SQL and XQuery database solution. The
system is developed by the Database Architectures and Information Access group of CWI that he
established in 1985. He founded MonetDB as a spin-off SME in 2008 in Amsterdam: its mission is
to manage, maintain, and disseminate database technology into the open-source market.

Devinder Sivia worked at the Los Alamos National Laboratory (USA) and at the
Rutherford Appleton Laboratory (UK) before moving to St John's College (Oxford). He has
published three books in the Oxford Chemistry Primers series, and regularly gives a graduate
lecture course on data analysis at the Ecole Centrale (Paris) and in Oxford. He also ran the annual
Neutron Training Course at RAL. His major expertise is Bayesian data analysis; he has published
with theorists, experimentalists, astronomers, physicists, chemists and geographers. This broad
appeal is reflected by citations to his tutorial book on Bayesian data analysis.

Arfon Smith is the Director of Citizen Science at the Adler Planetarium, Chicago. He has
an industrial and academic background in computing, chemical, biological and physics sciences.
He worked on the Software Team at the Wellcome Trust Sanger Institute and was the Technical
lead on the Galaxy Zoo project. He currently builds Citizen Science projects for ‘The Zooniverse™?,
a Citizen Science initiative that now has over 500,000 people taking part worldwide. He is a world-
leader in Citizen Science, informatics and the flexible use of Cloud Computing.

B.3.4 Justification of Size of Training Section and Balance of ESRs and ERs

Participant
No

ESR
Fellow
Months

ESR
Number

ER
Fellow
Months

ER
Number

72

72

72

48

72

24

24

48

OO|IN|O|OTB|IW|IN|F-

24

=
o

24

RPIRPINFPRPINPWOWWW

Totals are:

480 fellow months

18 Fellows

PATH2SKA has to be a large network both to ensure representation of all the main SKA
stakeholders and to adequately cover the key S&T areas. The academic partners in PATH2SKA
have much experience of organising large joint research efforts through RadioNET, and SKADS,
although the interaction with industry is less familiar. The industrial partners have embraced this
chance of joining a pan-European structure, giving them a direct way to “plug into’ the SKA on

19 http://www.zooniverse.org/
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European and global scales. The role of the Path2SKA Supervisory Board, and thus industry, in
the definition of the skills requirements is discussed in Sec B.4.2. Of the 18 fellows, 14 will be
undertaking PhDs. with the remainder hired to work for the industrial partners.

B.3.5. Training through Research

Sec B.7 summarises the capacities of the 6 academic and 4 full (Level-1) industrial partners to
PATH2SKA as well as the 11 associated partners, noting 2 Level-2 industrial partners. We
describe in Sec B.4.2 the projects including task distributions, milestones, deliverables and
schedule. The project work plans in Sec. B.4.3 highlight research synergies. All of the 14
PATH2SKA PhD projects involve more than one partner, and 9 are based explicitly on intersectoral
research. The 4 PATH2SKA IESRs will be hired by industry, but their work plans ensure close
interaction with seconded PhD students and other academics,

In PATH2SKA the research programme is to be prosecuted by a team of early-stage
researchers: 14 of 18 of these will be studying for PhDs based in one of the academic partners, but
typically seconded to industrial partners for a significant fraction of their mid-period training, and
always spending a significant fraction of their time working outside their host institution.

The secondment of PhD students to industrial partners in years 2 and 3 of their PhD
programme promotes effective training knowledge transfer between the academic and industrial
sectors but requires researchers dedicated to PATH2SKA in the industrial partners for this to be
effective. For this reason, the 4 full industrial partners in PATH2SKA will hire Industrial Early-Stage
Researchers (IESRs) over the middle two-year period of the PATH2SKA programme. The
articulation of the individual research project work plans is given in Section B.4.3.

The PATH2SKA Supervisory Board (PSB) will set the skill requirements to be met by the
training-through-research programme of the fellows. This will ensures that all the ESRs gain two
areas of research expertise, two areas of technical skill, a broad range of transferable skills, and
skills in outreach. One possible template for this is given in the Table. The areas of research
expertise (coloured yellow) are astronomy (AST), fundamental physics (FP), Engineering (Eng)
and computational science (Comp). The technical skills (coloured green) are high-performance
computing (HPC), e-Science (eS), Citizen Science (CS), electronics (Elec) and Statistics (Stat).
The transferable skills (coloured blue) are oral presentation (Oral), professional publication (Pub),
Project leadership skills (Ld), Project delivery skills (Tm) and commercial awareness and
entrepreneurship (Ent). PE stands for public engagement or outreach (coloured white).
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B.3.6 Training through Outreach Programme
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The PATH2SKA programme will ensure that each fellow engages with the public through a
minimum requirement that 5% of their time is taken up ensuring that the results of their research is
communicated effectively with the wider public. In addition, some of the fellows will work directly
with the public using Citizen Science tools developed and maintained by PATH2SKA partners.
Unless such public engagement directly aids the research programme, fellows will not be expected
to spend more than 10% of their time in this way. It will be the responsibility of ESR supervisors
and mentors to ensure that each fellow puts a correct weight on their activities in these areas.

Locally and at network-wide events, each Fellow will be trained in the skills needed to:

* Maintain a state-of-the-art Web presence with concise explanations of their research goals
and achievements and use of modern dissemination tools (e.g. Blogs, Twitter and
YouTube) to engage the public in their research. This will be on an individual basis as well
as for the overall ITN via tools such as Wikipedia.

* Manage ITN-project-specific outreach at regular open days at the partner institutes.

* Interact with the public through direct and video contacts at local and network-wide events.
Directly, PATH2SKA would set-aside Workshop Days for outreach during the international
training schools (Sec. B.3.2). Indirectly, a PATH2SKA fellow might, for example, direct a
video clip similar to that used to publicize an Effelsberg open day on the Bonn U-Bahn™".

* Develop and use Outreach tools such as (below, left) partner JIVE’s world map in which

LEDs light up whenever data is correlated from a remote radio telescope.

v

* Interact particularly with potential researchers from diverse backgrounds. PATH2SKA
partners have existing programmes such as ASTRON & JIVE’s Helena Kluyver Visitor
Programme that supports women researchers and Girl’'s Days (above middle). Students

from diverse backgrounds would be invited to attend ‘Summer’-school weeks (Sec. B.3.2)
where the PATH2SKA fellows will prepare activities for them.

* Interact particularly with children (see a drawing contest at ASTRON, above right) to inspire
the next generation of researchers. This can be done directly at open-to-the-public events,
or by school visits with PATH2SKA fellows acting as Marie Curie Ambassadors. It can
also be done indirectly via outreach material disseminated via the Web.

* Participate in and potentially organize ‘AstroFest’-type events locally, or even global efforts
such as the 100-hours of astronomy'® in 2009.

* Give public talks and Podcasts on their research.

* Interact positively with the press and TV wherever PATH2SKA yields results of sufficient
interest. Skills to be taught will include giving interviews and writing press releases.

PATH2SKA also benefits from the expertise of partners behind the Zooniverse project': with 0.5

million worldwide users and eight active ‘space’ projects, Path2SKA fellows will be trained in

utilising this resource for their research. PATH2SKA training includes specific instruction in Citizen

Science, but through the hands-on use of its tools, we expect a few PATH2SKA fellows to become

sufficiently expert that they will help optimize the use of these techniques throughout the ITN.

B.3.7 Response to 2011 Evaluation. Mark 4.9/5. No weaknesses identified, but training plan
enhanced by technology (Sec B.3.2) and outreach (Sec. B.3.6) and further details given of skills
requirements of the training programme (Sec B.3.5).

' http://wn.com/Effelsberg
2 http://www.100hoursofastronomy.org/
" https://www.zooniverse,org/
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B.4 IMPLEMENTATION

B.4.1. Capacities of Host Institutions (see also B.7)

The PATH2SKA full partners are either Universities, research institutes with established
links™ to Universities or companies. All the academic partners have modern research
infrastructures (e.g. supercomputing facilities), and have exceptionally strong records in training
PhD students and providing safe, fair and intellectually stimulating working conditions. Their
typical yearly PhD intake is 12, so PATH2SKA will constitute ~20% of their intake, providing no
capacity or recruitment problems. Smaller groups (e.g. IST, part of the Deimos-led consortium)
have made a strategic decision to place ~50% of their PhD intake into PATH2SKA, and the larger
groups will help them recruit strong fellows. The industrial full partners have established effective
procedures for training and have previously worked with ESRs undertaking PhD projects.

The PATH2SKA associated partners include other Universities, research institutes and
companies with unique resources or skills to contribute. These include non-ICPC Third Country
participants in Australia — whose participation is vital because they contribute key SKA pathfinder
activity — and in the USA, the Adler Planetarium — which is vital because it links Citizen Science
and outreach efforts across the Atlantic. The SPO is a UK-based not-for-profit company and a vital
participant to ensure that PATH2SKA fellows are well connected to SKA developments.

B.4.2 Management Structure and Implementation

The PATH2SKA Supervisory Board (PSB) will provide top-level management, meeting in
person roughly once per year at the time of PATH2SKA events (Sec B.8), and by telecom halfway
between these events. It will consist of one representative per partner (full plus additional). This
ensures reasonably balanced representation of academia and industry. The PSB will define the
skills requirements for fellows, and the recruitment strategy. The PSB will be guided by a
Consortium Agreement with something akin to the following guiding procedures for decision
making: each representative of the PSB shall have one vote; 75% representation is needed for a
meeting to be quorate; where necessary, the PSB will reach decisions by a simple majority vote;
the PSB shall elect a Chair with no additional voting rights; members are required to disclose
conflicts of interest that will disallow them voting on matters related to this conflicted interest. The
Consortium Agreement will also set out common understandings regarding issues such as
employment status, intellectual property and supervision or mentoring procedures.

The week-by-week management of PATH2SKA will be delegated to the PATH2SKA
Executive Committee (PEC) that will meet bi-weekly by telecom or videocom. The roles,
responsibilities and make-up of this committee, and its sub-committees, will be ratified by the PSB
but could, for example, comprise: Rawlings (Coordinator and WP1 leader), Morganti (Deputy Co-
ordinator and Chair of WP2 Recruitment, Diversity and Impact sub-committee), Kramer (Chair of
the WP3 Research sub-committee), van Driel (Chair of the WP4 Training sub-committee) and
Catarino (Chair of the WP5 Knowledge Exchange and Impact Sub-committee). The PEC is de-
facto the WP1 team. Each sub-committee will comprise of the Chair plus four additional members
drawn from the distributed PATH2SKA team (not the fellows). The PEC will be empowered by the
PSB to make non-strategic project decisions on a consensus basis, typically following
‘recommendations to the PEC’ flowing from the sub-committees. Each sub-committee will be given
specific remits that together cover the whole range of PATH2SKA activity (see Table below).

Administration of PATH2SKA, including financial matters, will be undertaken by a
PATH2SKA Project Office (PPO) based in Oxford and led by a PATH2SKA Network
Administrator (PNA), probably the highly-experienced Vanessa Ferraro-Wood, who will be
responsible for the PPO, reporting to the EC, and administrating network-wide issues. To help
administer the distributed network, there will be additional identified (part-time) administrative
resource in at least the full partners ASTRON, MPIfR, Deimos, Paris and INAF (where a single
node administers three distributed sections). Other full partners will identify an administrative
contact (FP ADMIN) and associated partners will identify a contact (AP CONTACT).

The PNA will act as secretary to the PEC and the PSB, and will use modern management tools,
e.g. from the Google Organisation’s toolset, to coordinate network-wide admin effort.

4 e.g., PhD students working at ASTRON or JIVE will be embedded in the graduate school for astronomy, NOVA
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EC

FP ADMIN

AP CONTACT

PATH2SKA NETWORK ADMINSTRATOR (PNA)
and PATH2SKA PROJECT OFFICE (PPO)

WP1: PATH2SKA EXECUTIVE COMMITTEE (PEC)

WP2: Recruitment, Diversity & Outreach WP3: Research WP4: Training WP5:KE and Impact

Body Role Responsibilities Decisions owned | Decision-
making
PSB (21 members; | Project Ensure PATH2SKA All strategic Majority
one representative Direction meets all its T&S, All not the subject | voting once
from each FP and training, impact and of consensus at guorate
AP; Chair to be outreach objectives lower levels of
voted by majority) management
PEC (5 members; Overall Monitor/control all WPs All non-strategic, Consensus
WP leaders); Project Monitor risk register typically following
Chaired by WP1 Management | Provide recommendations
leader (PATH2SKA recommendations to from WP2-5
Coordinator) PSB
PPO: WP1 leader Project Financial and other Day-to-day Consensus
(Coordinator) plus Administration | project administration running of PPO
full-time PNA Organizing agenda and
papers for PEC and PSB
WP2 leader + 4 Management | ESR Recruitment Recommends to None
other members from | of Diversity Policy and its PEC/PSB
across consortium) | Recruitment, | implementation regarding WP2
Diversity and | Public outreach policies and
Outreach implementations
WP3 leader + 4 Management | Research goals and Recommends to None
other members from | of Research outputs of the ESRs PEC/PSB
across consortium) | Programme Merging of astronomy regarding WP3
and fundamental physics | policies and
activities implementations
WP4 leader + 4 Management | Training goals and Recommends to None
other members from | of Training successes of PEC/PSB
across consortium Programme PATH2SKA regarding WP4
Organizing ITN training policies and
Monitors local training implementations
WP5 leader + 4 Management | Impact goals and Provides None
other members from | of Knowledge | successes of recommendations
across consortium Exchange PATH2SKA to PEC/PSB
(KE) and Success of KE, e.g. regarding WP5
Impact through secondment policies and
Programme process implementations

Recruitment will follow the principles set out in the European Charter for Researchers and in the

Code of Conduct for the Recruitment of Researchers Recruitment of the 11 early-stage

researchers (ESRs) undertaking 4-year PhD programmes will be by TO=Oct 2012, with recruitment
of the 4 industrial early-stage researchers (IESRs), and the 3 3-year-PhD ESRs completed
by TO+12. The recruitment strategy will be set by the PSB following draft papers from WP2.
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An interim PEC (Rawlings, Morganti, Kramer, van Driel and Catarino) and interim WP2
team (Morganti, Karastergiou, I. Jones, Hook, Verdes-Montenegro) will form before TO-2 (once
grant agreement negotiations with the EC have begun) and produce drafts of the Consortium
Agreement and other key papers needed for the inaugural PSB meeting (supported by an interim
PNA, Vanessa Ferraro Wood, resourced by Oxford). The PSB will have its inaugural meeting at
the start of TO-2 to agree the Consortium Agreement, the WP leaders and hence the make-up of
the PEC, the PNA, the WP management teams (for WP2, WP3, WP4 and WP5 these will act as
sub-committees of the PEC), the skills requirements and the recruitment strategy.

The PPO would centrally advertise the posts in two calls: one call for 4-year PhD places
TO-2 = Aug 2012. Applicants will be invited to apply on-line and adverts will be placed in standard
places (e.g. the American Astronomical Society, AAS site) for a minimum of 1 month; active and
strong PhD candidates on the University lists (of which, at Oxford for example, there are typically
several at this time of year) will be proactively encouraged to apply. Shortlisting will take place a
minimum of 2 working days after the closing date. There should be a minimum of 5 working days
between the shortlisting and interview dates. The Chair of the interview panel must have attended
a recruitment and selection briefing from his employer within the last four years. The applicants will
also submit their graduate applications through the usual university application procedure. The
second call will be at TO+3 (Jan 2012) for filling the 3-year PhDs and the IESRs. Normal selection
procedures in the other Universities will be modified by (1) automatically guiding applicants to
apply to universities through their normal PhD entry procedures; (2) adding one of the PEC to the
normal selection committees in the partners; (3) convening the whole PSB (by telecom) to approve
the recommendations of the partner-led PhD recruitment. For IESRS, recruitment beyond the initial
advert will be handled by the industrial partner along similar lines to points (2) and (3).

Continuous communication between PATH2SKA partners will be ensured by cross-
membership of the PSB and the PEC, open web-based minutes of the PEC and PSB, and a web-
based tool for transmitting emerging concerns to management. The PSB will monitor the
effectiveness of PATH2SKA and advise on high-level changes.

At the inaugural PSB, the deputy PATH2SKA coordinator Raffaella Morganti and WP2
leader will lead discussions on how to put procedures in place ensuring that the likely gender
imbalance (too high male-to-female ratio) on the PSB, and on the PEC, does not translate into
gender discrimination, and how to ameliorate this imbalance over the course of PATH2SKA. Her
WP2 team — responsible for recruitment, diversity and outreach — will have a gender balance (3
female, 2 male) more closely aligned with that expected in the recruited fellows.

The approach to Intellectual Property Rights (IPR) will, as far as possible, follow those
normally used in EC-funded research. Background IPR will be identified at the project outset, and
regularly updated as the result of work running parallel to PATH2SKA. Foreground IP generated by
PATH2SKA partners will be shared among the generating partners on fair and reasonable terms.
The use of this IP outside PATH2SKA would only be granted on fair and reasonable terms.
PATH2SKA will ensure that its fellows follow best practice by briefing them following recruitment,
and directing them towards courses on IPR organized by industrial partner QinetiQ (Sec B.3.1).

The financial management strategy of PATH2SKA will be in the control of the PPO,
overseen by the PEC and the PSB. There will be financial reports at each PEC and PSB meeting
where up-to-date spreadsheets describing budgets, expenditures, commitments and forward-looks
will be presented. There is much project management expertise throughout PATH2SKA. Steve
Rawlings was Head of Oxford Astrophysics for 5 years, was the Chair of the European SKA
Consortium and managed the Oxford node of the FP5 SISCO RTN. Raffaella Morganti is Head of
Astronomy at ASTRON and coordinates their node of the Marie Curie EST ESTRELA. Most of the
academic partners were, or are, active in SKADS, MCCT-SKADS, PrepSKA, RadioNet and
RadioNET3, and many were active in ANGLES and ESTRELA.

PATH2SKA management will follow a simple Implementation Plan from TO=Oct 2012

* Before T0-2. WP1 and WP2 begin to set-up programme and initial recruitment process.

* TO. 4-year PhD recruitment completed. Goal: fair selection of qualified individuals.

* TO-TO+12. Local and network-wide training, complementary skills courses, and first
research visits to partners. Goals: (i) trained in basic research and other skills; (ii) inducted
into PATH2SKA community; (iii) oral and written presentation of project and first results.

* TO0+12. Other PATH2SKA fellows recruited.
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T0+12-T0+24. Basic training and first research outputs. Emphasis on completion of
significant original research and increase in networking. Goals: PhDs and IESRs complete
training and deliver outputs (e.g. software) and reports.

T0+24-T0+36. Development of research skills. Emphasis on secondment to partners to
develop core PhD research material. Goals: (i) publications based on synthesis of complex

ideas and material; (ii) visibility of research outputs to the global research community.
T0+36-T0+48. Completion of PhD thesis. Goal: high-quality research output and good
career prospects either within or outside the SKA project.

Recruitment: well-defined recruitment strategy to ensure fairness of selection.
Career development: well-defined procedures for mentoring fellows
PEC will ensure tri-monthly monitoring of fellows using information from fellows,
supervisors and mentors via web-based tools (c.f. European Charter for Researchers).
Dissemination of results to follow the timetable of the Implementation Plan
PEC to use the effectiveness of the dissemination of results (e.g. publications and
presentations) to measure network success using metrics alongside other flexible tools.
After recruitment, PEC/PSB will set specific targets for research outputs and skill
developments to be monitored both during the network duration and after its completion.
The fellows will be expected to provide regular reports on their concerns regarding the aims
and delivery of the ITN (ESR representatives could be invited to participate in the PEC).

B.4.3 Milestones, Deliverables and Secondments (see also Sec B.2.7 and Gannt Chart in B.8)

WP No | Milestone Lead Month
WP1 1 Kick-off meeting WP1 2
2 Wrap-up meeting WP1 48
WP2 1 Recruit first 11 ESRs WP2 1
2 Recruit final 7 ESRs WP2 13
WP2 3 Diversity policy delivering fair recruitment minimizing | WP2 13
imbalances, e.g. in gender
WP2 4 Outreach Events WP2 SeeB.8
WP3: PHD1 |1 LOFAR Detection pipeline released and validated ASTRON 18
2 APERTIF pipeline released and validated ASTRON 36
WP3: PHD2 |1 AAVP Simultaneous timing of widely-spaced pulsars | MPIfR 18
2 Timing with UNIBOARD-based system MPIfR 36
WP3: PHD3 |1 Selection of Pulsars for timing MPIfR 12
2 Database of pulsar profiles defined and validated MPIfR 24
3 Optimized strategy for scheduling and processing MPIfR 36
WP3: PHD4 |1 New transient surveys in on-line databases MPIfR 24
2 Transient detections with ASKAP or MeerKAT MPIfR 36
WP3: PHD5 |1 All-sky HI surveys in on-line database ASTRON 36
WP3: PHD6 |1 Deep, wide-field, high-DNR Image INAF-Bolog | 36
WP3: PHD7 |1 Comparison of techniques for SKA analysis INAF-Rome | 24
2 Forecast of SKA results INAF-Rome | 36
3 Implementation of new database system INAF-Rome | 36
WP3: PHD8 |1 End-to-end simulation of EoR plus foregrounds Deimos/IST | 24
2 Determination of optimal estimators for EoR Deimos/IST | 36
WP3: PHD9 |1 Beam-forming chip for AAVP: built and tested OBSPARIS | 42
WP3: PHD10 | 1 Benchmarking of new algorithms for RFI Rejection UOXF.DB 24
2 Benchmarking of new algorithms for RFI Nulling UOXF.DB 36
WP3: PHD11 | 1 New calibration techniques based on MeqTrees ASTRON 24
2 AAVP testing and validation of new calibration tool ASTRON 36
WP3: PHD12 | 1 New self-calibration techniques UOXF.DB 24
2 Testing and validation with AAVP UOXF.DB 36
WP3: PHD13 | 1 Multi-core Max-entropy solutions for radio astronomy | UOXF.DB 24
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2 Multi-core solutions for Bayesian object detection UOXF.DB 36
WP3: PHD14 | 1 Improved ionospheric corrections based on models SRC PAN 24
2 Testing and validation on longest LOFAR baselines | SRC PAN 36
WP3: IESR1 | 1 Code validated by comparison with 3™-party tools Deimos 24
2 Validation of algorithms Deimos 36
WP3: IESR2 | 1 Code validated by comparison with 3™-party tools S&T 36
2 Validation of algorithms S&T 36
WP3: IESR3 | 1 Benchmarks for SKA: verified by evaluation code QinetiQ 36
WP3: IESR4 | 1 Joint satellite and astronomy use of Goonhilly GES 24
2 Citizen Cloud computing for astronomy (Cornwall) GES 36
WP4 1 Trained PATH2SKA community WP4 48
WP5 1 Academic-commercial Knowledge Transfer WP5 48
WP No | Deliverable Lead Nature | Publish | Month
WP1 1 PATH2SKA Book WP1 P PU 48
WP2 1 Outreach Events WP2 E B.8
WP3: PHD1 1 PhD & refereed publications ASTRON P PU 48
WP3: PHD2 | 1 PhD & refereed publications MPIfR P PU 48
WP3: PHD3 | 1 PhD & refereed publications MPIfR P PU 48
WP3: PHD4 | 1 PhD & refereed publications MPIfR P PU 48
WP3: PHDS | 1 PhD & refereed publications ASTRON P PU 48
WP3: PHD6 | 1 PhD & refereed publications INAF-Bolog P PU 48
WP3: PHD7 | 1 PhD & refereed publications INAF-Rome P PU 48
WP3: PHD8 | 1 PhD & refereed publications Deimos/IST P PU 48
WP3: PHD9 | 1 AAVP beam-forming chip OBSPARIS 0] RE 42
2 PhD & refereed publications OBSPARIS P PU 48
WP3: PHD10 | 1 PhD & refereed publications UOXF.DB P PU 48
WP3: PHD11 | 1 PhD & refereed publications ASTRON P PU 48
WP3: PHD12 | 1 PhD & refereed publications UOXF.DB P PU 48
WP3: PHD13 | 1 PhD & refereed publications UOXF.DB P PU 48
WP3: PHD14 | 1 PhD & refereed publications SRC PAN P PU 48
WP3: IESR1 | 1 Scientific Validation Report Deimos R RE 36
2 Software Performance Report Deimos R RE 36
WP3: IESR2 |1 Scientific Validation Report S&T R RE 36
2 Software Performance Report S&T R RE 36
WP3: IESR3 | 1 SKA Recommendations Report | QinetiQ R RE 36
WP3: IESR4 | 1 Report on satcomms/astronomy | GES R PU 36
2 Report on Cloud Computing GES R PU 36
WP4 1 Training Schools WP4 E B.8
2 Training Events WP4 E B.8
3 Training Courses WP4 E B.8
Fellow Host Secondment Length Purpose
PHD1 ASTRON S&T 9 months Software development
JIVE 3 months e-EVN rapid follow-up
PHD2 MPIfR UOXF.DB 3 months Algorithm development
QinetiQ 6 months KE with radar work
ASTRON 3 months UNIBOARD implementation
ICRAR 3 months Field testing (observations)
PHD3 MPIfR INAF-Cagliari 12 months | Algorithm development
PHD4 MPIfR CAASTRO 2 months Observations
GES 9 months Field testing (observations)
SPO 1 month KE with SKA
PHD5 ASTRON ICRAR 4 months Field testing (observations)

Part B — Page 27 of 46




PATH2SKA

CAASTRO 2 months Observations
IAA 2 months e-Science input
S&T 9 months Software development
PHDG6 INAF-Bolog | UOXF.DB 2 months e-Science/Citizen-Science input
ASTRON/JIVE | 9 months LOFAR/APERTIF/e-EVN data analysis
SPO 1 month KE with SKA
PHD7 INAF-Rome | OBSPARIS 3 months Database design input
MonetDB 3 months Database execution input
SPO 1 month KE with SKA
PHD8 Deimos/IST | ASTRON 3 months LOFAR observations
SPO 1 month KE with SKA
PHD9 OBSPARIS | ASTRON 6 months Technical interfaces with AAVP
PHD10 UOXF.DB QinetiQ 9 months KE with radar work
ASTRON 3 months Technical interfaces with AAVP
ICRAR 3 months Field testing
PHD11 ASTRON Oxford 3 months Algorithm development
ASTRON Malta 3 months Algorithm development
ASTRON Deimos 6 months Software development
PHD12 UOXF.DB ASTRON 4 months Algorithm development
Chronos 6 months lonospheric calibration development
PHD13 UOXF.DB GES 12 months Field testing
QinetiQ 3 months KE with radar
MeerKAT 3 months Field testing
PHD14 | SRC PAN OXF.DB 6 months Algorithm developments
Chronos 3 months KE with timing community

B.4.4 Work Plans for the ESRs (in much fuller detail on the PATH2SKA web site™.)

PhD1. Characterising the fast-ransient radio sky with LOFAR and APERTIF (funding
2yrEC+2yrMatch from ASTRON), spanning Oct 2012-Sep 2016, will be supervised by Joeri van
Leeuwen and Jason Hessels at ASTRON and registered at Amsterdam University.

PhD2. Pulsar timing with enhanced back-end processing (funding 2yrEC+2yrMatch from
MPG]!, spanning Oct 2012-Sep 2016, will be supervised by Michael Kramer (MPG) and the fellow
will be registered at the University of Bonn. They will use the multi-beaming capabilities of LOFAR,
and then the AAVP, to carry out novel multiplex timing observations of pulsars.

PhD3. Pulsar timing with the EPTA: steps to the detection of gravitational waves (funding
2yrEC+2yrMatch from MPG!, spanning Oct 2012-Sep 2016, will be supervised by Michael Kramer
(MPG), registered at the University of Bonn, in collaboration with Andrea Possenti and N. D’Amico
at INAF-Cagliari. The student will undertake pulsar timing observations, using the five largest
European radio telescopes comprising the European Pulsar Timing Array (EPTA; Sec B.3.3).

PhD4. Large-area transient surveys on the pathway to the SKA (funding 2yrEC+2yrMatch
from MPG!, spanning Oct 2012-Sep 2016, will be supervised by Michael Kramer (MPG) and the
fellow will be registered at the University of Bonn. This fellow will be a key member of a team
conducting a new all-sky survey (with ASKAP and MeerKAT) of the transient and dynamic radio
sky, with unprecedented frequency, time resolution and dynamic range.

PhD5. The cosmic evolution of neutral Hydrogen with APERTIF and ASKAP (funding
2yrEC+2yrMatch from ASTRON!, spanning Oct 2012-Sep 2016, will be supervised by Tom
Oosterloo, Thijs van der Hulst and Marc Verheijen and registered at NOVA and the University of
Groningen in collaboration with ICRAR. The project focuses on making and analyzing the first all-
sky surveys of HI in galaxies in the relatively local Universe with APERTIF/WSRT and ASKAP.

PhD6. The cosmic evolution of continuum emission with APERTIF, LOFAR and e-EVN
(funding 2yrEC+1yrMatch from INAF!"#spanning Oct 2013-Sep 2016,will be supervised by Isabella
Prandoni and Luigina Feretti at INAF-Bologna in collaboration with Raffaella Morganti (ASTRON).

'* http://www.physics.ox.ac.uk/astro/PATH2SKA
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The fellow will combine radio continuum fields from LOFAR (<200 MHz) and APERTIF (1.4 GHz)
with high-resolution radio data from the e-EVN to characterize, in deep fields, the continuum
emission to be detected by the SKA in its all-sky surveys

PhD7. Cosmology with the SKA in the context of other key future facilities (funding
2yrEC+1yrMatch from INAF), spanning Oct 2013-Sep 2016, will be supervised by Isobel Hook and
Roberto Scaramella at INAF-Rome. The fellow will use SKA sky simulations together with
simulations for other key future facilities (critically the E-ELT, for which Hook chairs the Science
Working Group, and Euclid in which Scaramella and Hook are European leaders) to develop
Bayesian methods of cosmological analysis exploiting e-Research and Citizen Computing tools.

PhD8. Atomic Hydrogen in the young Universe: predictions for LOFAR and the SKA
(funding 4yrE), spanning Oct 2012-Sep 2016, will be supervised by Nuno Catariino (Deimos) and
Mario Santos (IST). The Epoch of Re-ionization (EoR) is a crucial phase in the evolution of the
Universe. The aim of this project is to develop numerical simulations to explore the extent to which
the full parameter space of the HI signal, and associated cosmology, can be established.

PhD9. Beam-forming for aperture arrays: AAVP (funding 2yrEC+1yrMatch from Paris),
spanning Oct 2013-Sep 2016, will be supervised by S. Bosse, G. Theureau and B. Jarry at
Nancay, Paris & Limoges. The subject of this PhD is the study and design of an impedance profile
with gyrator topologies using SiGeC bipolar transistors, for use at frequencies below 1 GHz with
the AAVP. It aims to show that energy consumption is the same as when integrated inductance is
used, and at a much lower cost due to the lower occupied surface on the lowest substrate.

PhD10. RFI Mitigation for aperture arrays: AAVP (funding 2yrEC+2yrMatch from Oxford),
spanning Oct 2012-Sep 2016, will be supervised by Mike Jones (Oxford) and Kris Zarb Adami
(Oxford/Malta). The AAVP work will be in collaboration with ASTRON. The main aim is to design
and implement various pre-processing and post-processing algorithms for adaptive weight
estimation in order to develop suitably deep nulls in the beam pattern that will cancel out
interference sources and thus provide the required dynamic range of the SKA.

PhD11. Calibration of aperture arrays: AAVP (funding 2yrEC+2yrMatch from ASTRON),
spanning Oct 2012-Sep 2016, will be supervised by Ronald Nijboer (ASTRON) and registered at
Delft in collaboration with Groningen. A goal is to demonstrate the achievable AAVP dynamic
range - the ratio between the strongest and weakest sources that can be observed.

PhD12. Novel algorithms for self-calibration: AAVP (funding 2yrEC+2yrMatch from Oxford),
spanning Oct 2012-Sep 2016, will be supervised by Steve Rawlings & Anne Trefethen at Oxford.
Key collaborators will include Jan Noordam & Oleg Smirnov at ASTRON and the PhD will benefit
from synergies with PhD14. The aim is to develop a 3"-generation calibration scheme that deals
correctly with direction-dependent effects like beam-shapes and the ionosphere.

PhD13. Novel post-processing solutions: MeerKAT (funding 2yrEC+2yrMatch from Oxford),
spanning Oct 2012-Sep 2016, will be supervised by Stef Salvini at Oxford. Work on MeerKAT, and
related instrumentation at Goonhilly, will be in collaboration with MeerKAT and GES. The main aim
is to translate radio-astronomical processing techniques to multi-core computing systems.

PhD14. Modelling of near-Earth plasma turbulent regions (funding 4yrEC), spanning Oct
2012-Sep 2016, will be supervised by Mariusz Gromadzki at SRC PAN and with PhD12. Work on
applying modelling to novel ionospheric calibration schemes will be in collaboration with teams
operating the LOFAR core and the remote LOFAR stations in the UK and in Poland. The main aim
is to translate state-of-the-art ionospheric measurement and modelling techniques to ionospheric
calibration, which s crucial for deep HI observations.

IESR1. Calibration, cleaning and image reconstruction for interferometers. IESR at Deimos
Engenharia will work Oct 2013 to Oct 2015 mentored by Jose Barbosa. They will transfer
knowledge on calibration and reconstruction methods, and on software development working
alongside PhD8 and PhD11. The project will have a strong emphasis on software validation and
documentation, following the ESA software development standards in use at Deimos. The IESR
will be closely connected with the team in charge of the SMOS L1 Prototype Processor.

IESR2. Robust real-time processing pipelines. IESR at S&T will work for 24 months, in
years 2 and 3, on dependable real-time processing pipelines and be mentored by Andre Bos. They
will work alongside two PhD students on secondment, namely PhD1 and PhDS5. This will ensure
knowledge transfer on advanced and dependable calibration and processing techniques. The IESR
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will be working with the team developing quality control tools for ESA that are used for a variety of
Earth Observation instruments (e.g. GOMOS, MIPAS, SCIAMACHY, Cryosat and ADM/Aeolus

IESR3. Synergies between radar and radio astronomical systems. IESR at QinetiQ will
work Oct 2013 to Oct 2015, on synergies between radar and radio astronomical systems and be
mentored by Malcolm Macleod. They will work alongside PhD2 and PhD13. The research to be
carried out by the IESR will seek to advance Synthetic Aperture Radar (SAR) techniques using
efficient Iterative Maximum Likelihood techniques and Bayesian inference process using
Sequential Monte Carlo (SMC) samplers exploiting approximate Bayesian Computation (ABC).

IESR4. Synergies between satcomms, astronomy and Citizen Cloud computing. IESR at
GES will work Oct 2013 to Oct 2015, mentored by lan Jones and Gavin Foster and working with
PhD4 and PhD13. This time period will see the first operations of the three 30-m class antennae
for joint use in space comms and astronomy and the new Goonhilly Transient Interferometer (GTI).
It will also see the development of a Citizen Cloud computing with new high-bandwidth broad-band
capability across Cornwall (UK). The IESR’s ‘on-he-job’ training will characterize, overcome and
document the challenges of astronomy on a space-comms-active site, and work with MeerKAT as
it extends across Africa through re-use of satellite-comms stations

B.4.5 Risk Analysis

Risk Likelihood | Impact Owner Mitigation

Inability to hire Low High PEC/PSB through | In most cases matching funds can be

or retain WP2 leader used beyond T0+48 so ESRs can be

suitable ESRs hired later and complete their PhDs
after TO+48

Inadequate Very Low | High PEC/PSB through | Monitoring of all ESRs by PEC, e.g.

ESR WP3 and WP4 through web-based feedback forms,

supervision or leaders and change of supervision or training

training arrangements if necessary

International Medium Medium | Supervisor/Mentor | Close monitoring by supervisor/mentor

competition to of research field and

ESR research discussion/negotiation with
international competition

Poor ESR Low High Supervisor/Mentor | Close monitoring by supervisor/mentor:

performance and ESR be prepared to terminate ESR contract
in extreme cases

Poor Medium High PEC/PSB through | Monitoring of ESR and partner

performance of WP5 leader feedback, e.g. through web-based

secondment forms: be prepared to change

training secondment plans

Inadequate Very Low | High PEC/PSB Monitoring of ESR and

resources for supervisor/mentor feedback: be

ESRs prepared to change scope of research
or training programme

ESR work plan | High Low Supervisor/Mentor | Close monitoring by supervisor/mentor:

schedule be prepared to reduce scope of

slippage research or training programme

Delay of SKA Very High | Very Low | PEC/PSB PATH2SKA training and research is
largely independent of any realistic
SKA timeline

B.4.6 Response to 2011 Evaluation. Mark 4.1/5. Weaknesses: no demarcation of roles and
responsibilities and rules for decision making; no descriptions of management procedures for large
and diversified project; confusion regarding the roles and responsibilities of INAF. Response: we
have fundamentally revised the management structure of the project and provided full details of its
implementation (Sec B.4.2); we have clearly differentiated between the INAF HQ node and its
sections INAF-Rome, INAF-Cagliari and INAF-Bologna (Sec B.7).

Part B — Page 30 of 46




PATH2SKA

B.5 IMPACT

B.5.1 Improvement of the career prospects of the fellows

Through processes like ASTRONET*® in Europe and the Decadal Review in the USA, the
international astrophysical community has set the strategy towards the future. There is a
consensus on the big questions of astrophysics, cosmology and astro-particle physics to be
addressed and the instrumentation needed for them. The SKA is a key element in this strategy and
European leadership in this project is internationally recognised and explains the prominence of
the SKA in the ESFRI road map. The SKA pathfinders are excellent science instruments in their
own right, and provide unique opportunities for training and building up experience. PATH2SKA
incorporates almost all of the key SKA pathfinders, in Australia and South Africa as well as Europe,
and thus ensures that its fellows are embedded in the global SKA effort.

The immediate benefits of the involvement of the fellows in PATH2SKA will be through the
in-depth knowledge and hands-on experience they will acquire with this new generation of science
instruments. This will directly improve their career prospects for positions at the growing number of
universities and institutes that have the science utilization of the pathfinders in their strategy, as
well as with the large community that is preparing for a role in the deployment, commissioning and
scientific exploitation of the SKA. There is already direct evidence of growth in job opportunities in
this area within the academic sector: for example, the UK Higher Education Funding Council has
recently funded six new permanent academic positions in physics departments in the south-east of
England on the basis of the LOFAR-UK (SKA pathfinder) project. As industry ramps up its
technical role in SKA, and PATH2SKA is an important part of this process, one can anticipate a
similar growth of job opportunities in the private sector. The fellows in PATH2SKA will be
embedded in the international SKA project, and trained in the benefits of academic-industrial
partnerships in a global context, enhancing their capacity to progress their careers.

The longer-term benefits for the fellows will follow naturally from this boosting of their
career. Experience with e.g. WSRT (NL), MERLIN (UK) and the VLA (US) clearly shows that an
early involvement in break-through science instruments, in particular in the early-science stages
has a lasting positive impact on the career of both astrophysical and technical scientists. Many of
the young scientists and engineers that participated in instruments at PhD and postdoctoral level
then are key international players within astrophysics and other areas of research now.

The fellows will also benefit from the multi-disciplinary scope of the proposed programme,
and the supra-disciplinary nature of the SKA project itself. Since the programme focuses on state-
of-the-art instrumentation, there are unique training and coaching opportunities. The programme is
organized so as to maximize interaction and synergy between scientific exploitation of pathfinders
and technical academic-industrial collaborations. To stimulate this interaction, the programme
includes joint Early-Science Experiments (Sec B.3.1.), where input from a variety of disciplines and
projects have to be combined, e.g. simulations, calibration, data processing and management.
Industrial experience comes in through joint academic-industry projects and Organizing Scientists.

The programme has been designed such that the fellows will have a large degree of
mobility between the participating members. This will allow them to get acquainted with several
partner institutions, from which their short- and long-term career perspective will directly benefit.
The inter-dependence of the projects encourages parallel advances in all fields, positioning the
fellows better for their future scientific career.

The immediate benefits for the partners are foremost in the building up of a sizeable group
of well-trained researchers available for early science with the pathfinders and for the simulation
and technical work needed to optimize the SKA. This will boost the scientific and technical output
of the participating institutions from a very early stage. Regardless of whether the researchers stay
within the participating institutions or whether they start or join communities in other places, this is
a large benefit to the success of the pathfinders. There is also the immediate benefit of a group of
researchers that have been trained and experienced in the collaboration between science institutes
and industrial parties. The skills built up will be of great value for the realization of the SKA, which
will lead to a higher impact for the partners in the deployment and commissioning. The industrial

18 http://www.astronet-eu.org/
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partners accrue the potential for future commercial benefits by getting hands-on experience in
inventing and developing technologies that may prove crucial to the SKA.

In the longer term, PATH2SKA training will have a significant contribution to building up a
new generation of experienced radio-astronomical researchers that will play a strong role in the
implementation of the science strategy, thus improving the impact of the pathfinders and the SKA.
The academic partners have invested in the science case and technical development of the SKA.
They expect the main scientific return on these investments in its exploitation phase. With its
strong and coherent programme, PATH2SKA will have a significant leverage in the exploitation
phase, as some of the PhD students move on to postdoctoral and tenured academic positions.
Many fellows will also pursue careers in the private sector. PATH2SKA will have played an
important part in building up a European reservoir of technical expertise that can bring benefits to
wider areas of society. Having spent their early career working on an iconic physics project, there
is huge potential to forge long-term positive links between academia and industry.

One of the immediate benefits for European research is in the boosting of the early-science
output from the European pathfinders (e.g. LOFAR, e-EVN). The availability of committed and well-
trained researchers, in particular PhD students, is of vital importance to the science impact, as has
demonstrated with many large science facilities in physics. Since scientific career opportunities are
readily available through the pathfinders, the European research potential will be directly
strengthened through the proposed programme. Also, the European influence in the SKA will be
much strengthened by the programme. Another benefit is the sharing of technical expertise
between the academic and industrial partners. It is certainly to be hoped that many of the industrial
partners participating in PATH2SKA will be able to quickly take an active part in the design and
construction of the SKA, and attract the best researchers and technologists into their companies.

The longer-term benefits for European research follows since the scientific impact of the
pathfinders and the SKA will last for many decades. Strengthening the European position will have
a sustainable impact on the scientific return for Europe. Through the participating industrial
partners, the strategic position of European industry will be strengthened. Innovative European ICT
companies, especially SMEs, have not yet been deeply involved in the SKA. The scope of
PATH2SKA training is well suited to opening up this involvement; it will set the collaboration
models, yielding a strategic advantage of European SMEs in the SKA construction phase.

One of the main pillars of the European Research Area, and of the 2008 Work Plan, is to
increase the impact of European scientific and technological cooperation by countering the
fragmentation of knowledge. The proposed programme features KT on a European scale, but also
over a broad range of S&T areas. Sharing of knowledge across geographical borders and research
domains is stimulated. Since collaborations target the SKA era, this impact will be long lasting.

The future SKA European knowledge base is a firm S&T base of a high-tech nature. Both
the astronomical research and the technology are highly advanced. Europe adopted the phased
array antenna concept as its key technology. The FP6 SKA Design Study (SKADS) demonstrated
the potential of this concept, which is now firmly embedded in the SKA specification. These
technologies have a large technological and economical (spin-off) potential. The European-wide
impact aimed for in this project, creates a large European knowledge base in these technologies
and having industry as a key target group will increase European industrial competitiveness.

Careers outside science

Non-university
Research (industry,
government etc.)

A typical career path for scientists is shown. This
implies that the PATH2SKA fellows eventually
entering non-academic research positions will out-
number those in academic positions by ~4:1. This
reflects the fact that most of the European Research
Area is pursued in non-academic environments.
PATH2SKA will ensure that its fellows develop the
skills most in demand in the commercial sector.

Early Career B Permanent d Professor
Research b Research Staff i
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These in-demand skills are'’: versatility in tackling diverse technical and non-technical
subjects; excellent problem-solving skills; ability to grasp and quantify concepts rapidly; ability to
facilitate decision making via informed evidence-based debate; technical research skills; self
motivation and initiative; and communication skills. The career development of commercial-sector
researchers yields direct economic impact alongside wider benefits to society and public policy.
These direct impacts include: increase in useful knowledge and problem-solving capacity; creation
of new firms (‘spin-outs’); creation of new scientific methodologies and instrumentation; stimulation
of innovation on all timescales. The involvement of SMEs in PATH2SKA training ensures exposure
to entrepreneurship, maximising the potential for direct impact in the economic sector.

B.5.2. Longer-term collaborations

PATH2SKA extends the existing European SKA community with several new
collaborations. Through PATH2SKA, new partner countries Poland and Portugal become firmly
embedded, both at the academic and industrial level. The proposed programme brings a new
dimension to the collaboration through the coherent programme for training of a new generation of
experts in radio astronomy and technology. Provisions have been taken to make this collaboration
sustainable, in particular through the networking events (Sec B.3.2). This concept is applied at a
national level (e.g. in the Dutch research school NOVA), and through PATH2SKA can be
introduced at a European scale. The partners are committed to continuing these network events,
presumably via the European SKA Consortium (ESKAC). Furthermore, the Early-Science
Experiments will be extended to other SKA pathfinders. The involvement of a broad international
group of students and trainers is vital. Therefore, the collaboration of such experiments will
definitely be continued into the SKA roll-out and exploitation. The concept has been exercised on a
smaller scale e.g. in joint observations of Jupiter with the Nancay Array and LOFAR test-stations.
Such experiments have proven to be very useful in building up longer lasting collaborations.

The SME partners in the proposed programme are new to the SKA project, although two of
them have been involved in the development of LOFAR. A key driver for the private partners to
participate is to establish longer-term relationships with the academic institutes involved in the
SKA. Such collaborations between private high-tech ICT companies and the academic institutions
are of vital importance for the SKA. Collaborations between radio astronomical institutes and
private technology partners have been highly successful at a national level. The proposed
programme carries this to a European level, thus significantly increasing the expected impact.
These same general issues apply to the participation of larger companies like Level-1 industrial
partner QinetiQ. Both the smaller and larger companies see the mutual advantages of
collaborating together in PATH2SKA, and it seems likely that industry-industry partnerships
created by PATH2SKA will carry forward into other future opportunities.

With a focus on training, there will be a natural flow of information between industry and
academia that is often stifled in a formal contractual collaboration. This will lay the groundwork for
longer-lasting partnership, certainly at a bilateral level, but the intention is that private partners will
form the core of a European Industrial SKA Forum. Long-term sustainability of academia-industry
cooperation is promoted by the specific projects proposed (Sec B.4.3) since:

® Each project includes a number of partners ensuring a dense collaboration network develops
® There is a good representation of the SKA key science ensuring long-term sustainability as
these will be continued during the construction and exploitation of the SKA.
® There are close ties to SKA developments, ensuring a long-term working collaborations are
established at the level of fellows and institutes.
PATH2SKA formalizes new and existing collaborations at the level of scientific partnerships,
targeted at joint exploitation of pathfinders and at building up experience in simulations, calibration,
processing and data handling. These activities and research lines go far beyond the timeline of the
PATH2SKA - lasting right into the SKA era. The PATH2SKA living lab will be highly unusual in
astronomy: although its academic partners have already established strong research connections,
the proposed industrial partners are currently on the periphery of the SKA project. We believe
PATH2SKA will establish innovative long-term collaborations around the iconic SKA project.

17 See http://royalsociety.org/uploadedFiles/Royal_Society _Content/policy/publications/2010/4294970126.pdf
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B.5.3. Relevance of training events and Organizing Scientists

The benefits of opening up training events (Sec B.3.2) to external participants are:
* |t facilitates knowledge exchange between PATH2SKA fellows and the broadest possible
community interested in the science and technology on the pathway to the SKA
* It enhances, through networking, the career prospects of the PATH2SKA fellows
* By providing external reference points, it reinforces mutual recognition of the benefits of
PATH2SKA training amongst the partners
* It maximises the global visibility and impact of PATH2SKA on the European Research Area

The four Organizing Scientists bring expert knowledge from four different areas of
technology. This is complementary to the scientific expertise of the investigators at the partner
institutions. They will raise the knowledge and expertise of the PATH2SKA researchers, increasing
the breadth and quality of their short- and long-term research. By associating the Organizing
Scientists to the networking events, the relevance and impact of their role is maximized.

Bruce Elmegreen, from IBM, brings expert knowledge from a global computing company to
any project dealing with data processing. From his industrial background, Elmegreen will provide
training on state-of-the-art computing technologies and trends. At the programme level, he will
provide insights and conceptual training to the full group of fellows at the networking events.

Martin Kersten, from MonetDB, brings expert knowledge and tooling from a high-tech
database SME to the projects dealing with databases and data analysis. The large data-streams
generated by SKA pathfinders require new and innovative approaches. Through Kersten the
fellows can get access to such a system with expert training on optimization and specialization.

Devinder Sivia, from St John’s College (Oxford) brings expert knowledge on Bayesian data
analysis. He will also bring in relevant experience and knowledge from his broad network in a
variety of scientific disciplines. By sharing this at the networking events, he will allow the fellows to
connect to a wider field and build up multi-disciplinary experience.

Arfon Smith from Adler Planetarium (Chicago) brings hands-on expertise in the software,
hardware and people-skills needed to successfully run Citizen Science projects. At network events
he will run master classes on how to manage the flow of data through modern communication
systems, how to harness the computational resources needed to process data, and how to engage
the brains and dormant computing resources of interested citizens around the world.

The four Organizing Scientists bring a long experience in training and coaching on scientific
method in small and large projects. They will complement the group of trainers and supervisors at
the partners. Through these scientists the collaboration with industrial partners is further fostered.

B.5.4 Overview of Outreach Activities

PATH2SKA fellows will be embedded in a training programme in which engagement of
wider society is one of the core S&T objectives (Sec. B.3.6). There will be specific training in the
technical and transferable skills needed to become expert in Citizen Science, and thus to engage
and involve a truly global community via modern communication methods. Participants like Adler
Planetarium and GES Ltd bring commercial experience in linking such virtual resources to physical
exhibits at much-visited physical sites where, for example, groups of schoolchildren can hold
competitions using electronic voting systems. The PATH2SKA collaboration will aid the spread of
such educational tools to the, typically more traditional, outreach programmes of the partners.

Each PATH2SKA fellow will be expected to disseminate his research, via blogs, Facebook
etc, to reach the widest possible interested public. We will also encourage PATH2SKA fellows to
engage in direct contact with citizens through outreach events, a template for which is Stargazing
Oxford*® that is linked to Stargazing LIVE on the BBC over three nights in Jan 2012.

B.5.5 Response to 2011 Evaluation. Mark 4.7/5. Weaknesses: (i) only perspectives of academic
employment are emphasized; (ii) outreach activities mostly driven by one partner in the UK.
Responses: (i) Sec. B.5.1 has been re-written to give equal emphasis to career prospects outside
academia; (ii) Sec. B.5.4. has been added to show the international reach of outreach activities.

' http://www?2.physics.ox.ac.uk/events/2012/01/2 1 /stargazing-oxford
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B.6 ETHICAL ISSUES
This proposal does not contain any ethical issues.

ETHICAL ISSUES TABLE

YES | PAGE

Informed Consent

* Does the proposal involve children? NO

* Does the proposal involve patients or persons not able | NO
to give consent?

* Does the proposal involve adult healthy volunteers? NO
* Does the proposal involve Human Genetic Material? NO
* Does the proposal involve Human biological samples? | NO
* Does the proposal involve Human data collection? NO
Research on Human embryo/foetus
* Does the proposal involve Human Embryos? NO
* Does the proposal involve Human Foetal Tissue /| NO
Cells?
* Does the proposal involve Human Embryonic Stem | NO
Cells?
Privacy

» Does the proposal involve processing of genetic | NO
information or personal data (e.g. health, sexual
lifestyle, ethnicity, political opinion, religious or
philosophical conviction)

* Does the proposal involve tracking the location or | NO
observation of people?

Research on Animals

* Does the proposal involve research on animals? NO
* Are those animals transgenic small laboratory animals? | NO
* Are those animals transgenic farm animals? NO
* Are those animals cloned farm animals? NO
* Are those animals non-human primates? NO
Research Involving Developing Countries
* Use of local resources (genetic, animal, plant etc) NO
* Impact on a local community NO

Dual Use and potential for terrorist abuse

* Research having direct military application NO

* Research having the potential for terrorist abuse NO

| CONFIRM THAT NONE OF THE ABOVE ISSUES APPLY | YES
TO MY PROPOSAL
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B.7 CAPACITIES OF THE HOSTS

UOXF.DB

UNIVERSITY OF OXFORD

General

The University of Oxford (http://www.ox.ac.uk) and its Astrophysics (http://www-
astro.physics.ox.ac.uk/) sub-Department has the fastest-growing radio astronomy
group in Europe. It works closely with the Oxford e-Research Centre (OeRC;
http://www.oerc.ox.ac.uk/) that will play a major role in the training of PATH2SKA
early-stage researchers in advanced ICT. The departments of Engineering Science
and Mathematics will also be involved in PATH2SKA.

Key Staff

S. Rawlings (radio astronomy, 20%); A. Trefethen (numerical methods, 5%); M.
Jones (experimental radio cosmology, 10%) are Professors with huge experience of
supervising ESRs (e.g. SR has supervised 20 PhD students). Drs S. Salvini (HPC,
20%) C. Lintott (Citizen Science, 5%) and A. Karastergiou (pulsars and exotic
objects, 20%) also currently lead teams involving ESRs.

Facilities

Radio and sub-mm astronomy laboratories, large mechanical workshop, Central
Electronics Group, Beecroft Institute for Particle Astrohysics and Cosmology, Oxford
Supercomputer; ISIS for commercial spin-outs, Wetton (optical) Telescope,
Visualization Wall, Anechoic Chamber, Lecture Theatres

Previous

Numerous, e.g. SKADS, SKADS-MCCT, PrepSKA, OPTICON, RadioNET,
RadioNET3. Rawlings was chair of the European SKA Consortium (ESKAC).

Publications

Rawlings, S., Schilizzi R., 2011, The Square Kilometre Array, 2011arXiv110.5953R
Trefethen et al, 2009, Developing a High-Performance Computing/Numerical
Analysis Roadmap, [JHPCA 23(4): 423-426.

Taylor, Jones et al, 2011, The Cosmic Background Imager 2, MNRAS, 418, 2720

ASTRON

ASTRON

General

ASTRON (http://www.astron.nl/index.php) is the Netherlands Institute for Radio
Astronomy, and is part of the Netherlands Organisation for Scientific Research
(NWO). It provides front-line observing facilities (e.g. LOFAR, WSRT) and features a
strong technology development programme. PhD students will be registered at
Dutch Universities through the NOVA consortium.

Key Staff

R. Morganti (AGN, HI, 20%); G.de Bruyn (EoR, ISM, 10%); T. Oosterloo (HI, ISM
10%); J. van Leeuwen (pulsars, FPGA development 10%); J. Hessels (pulsars), M.
de Vos (systems, 10%); R. Nijboer (aperture synthesis calibration, 10%); J. Romein
(HPC, 10%); J. Nordam & O. Smirnov (astronomical simulations, 10% each) are all
highly-experienced researchers who currently lead teams involving ESRs.
Experienced NOVA supervisors are: T. van der Hulst & M. Verheijen (Groningen).

Facilities

LOFAR core, LOFAR single stations, WSRT (including APERTIF), LOFAR and
WSRT correlators, mechanical and electronic workshops, radio astronomy
laboratories, supercomputing facilities, optical instrumentation laboratories

Previous

Numerous, e.g. SKADS, SKADS-MCCT, PrepSKA, RadioNET, RadioNET3
Morganti was node PI for the Estrela Marie Curie ITN

Publications

Morganti R et al., 2011, LOFAR: opening a new window on low frequency radio
astronomy, arXivl112, 5094.

Walker M.A, de Bruyn, A.G. & Bignall, H.E., 2009, Extremely anisotropic
scintillations, MNRAS, 397, 447

de Vos M., Gunst, A.W., Nijboer R., 2009, The LOFAR Telescope: System
Architecture and Signal Processing, IEEEP, 97, 1431
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MPIfR

Max Planck Institute for Radio Astronomy

General

The Max Planck Institute for Radio Astronomy (MPIfR; http://www.mpifr-
bonn.mpg.de/english) is the leading radio astronomical institute in Germany. It
operates the 100-m telescope at Effelsberg and constructed the first international
LOFAR station.

Key Staff

M. Kramer (pulsars, 10%), R. Beck (magnetism, 10%), H.R. Kloeckner (HI, 10%); J.
A. Zensus (AGN, 5%); J. Anderson (interferometry, 20%). All are highly experienced
researchers (Kramer and Zensus are MPIfR Directors) who currently lead research
teams involving ESRs.

Facilities

Effelsberg 100-m and associated receiver labs. International LOFAR station. MPIfR
runs the International Max Planck Research School (IMPRS) for Astronomy and
Astrophysics.

Previous

Numerous, e.g. SKADS, SKADS-MCCT, PrepSKA, RadioNET, RadioNET3
Kramer is the coordinator of the European Pulsar Timimg Array (EPTA) and the
Large European Array for pulsars (LEAP).

Zensus is the coordinator of RadioNET3.

Publications

Kramer, M., 2011, Tests of General Relativity, AIP Conference Proceedings, 1381,
84-97.

Beck, R, 2009, Galactic Dynamos and Galactic Winds, Ap&SS, 320, 77

Kloeckner H-R, et al., 2009, MNRAS, 398, 176

SRC PAN

Space Research Centre of the Polish Academy of Sciences

General

The Space Research Centre of the Polish Academy of Sciences (SRC PAN,
http://www.cbk.waw.pl/) is the only institute in Poland whose activity is entirely
dedicated to the research of terrestrial space, the solar system and the Earth using
space technology, satellite and ground-based techniques. SRC PAN will also soon
operate an international LOFAR station. It also acts as Poland’s national space
agency

Key Staff

Hanna Rothkaehl (space plasma and radio diagnostic; sp&rd,10%), Mariusz
Gromadzki (sp&rd, 10%), Marcin Grzesiak (sp&rd, 10%),
Mariusz Pozoga (sp&rd, 10 %). All are experienced at working with ESRs.

Facilities

Laboratory for Solar System Physics and Astrophysics, Solar System Dynamics and
Planetology Laboratory, Plasma Physics Laboratory, Earth Observation Laboratory,
Micromechanical and Photonics Laboratory, Electronics Constructions Laboratory,
Satellite Mechatronics and Robotics Laboratory, Laboratory of Satellite Applications
of FPGA

Previous

Numerous: e.g. GMES-Poland; RTN (Net), Europlanet (Net) etc

Publications

Rothkaehl, H., Bergman, J., Thide, B. & Klos, Z., 2008, 'The COMPASS-2 satellite
and the ground-based LOIS vector sensing radar facility as novel tools for
ionospheric plasma diagnostics', Journal of Atmospheric and Solar-Terrestrial
Physics, 70, 926;

Wernik, A., Pozoga, M., Grzesiak,M., Rokicki, A. & Morawski, M., 2008, 'Monitoring
ionospheric scintillations and TEC at the Polish Polar Station on Spitsbergen:
instrumentation and preliminary results', Acta Geophysica, 56, 1129; Rothkaehl, H.,
Morawski, M., Puccio,W., Bergman, J. and Klimov, S., 2011, 'Diagnostics of Space
Plasma on Board International Space Station &#8211; ISS', PLASMA Diagnostics
2010, Vol. 51, p. 158
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GES

Goonhilly Earth Station Ltd

General

GES (http://www.goonhilly.org/) Ltd is a UK-based SME formed for the purposes of
re-developing the Goonhilly Earth Station site to enable radio astronomy alongside
deep-space communications and space-related public outreach.

Key Staff

I. Jones (DSP, 10%); and G. Foster (Software, 15%). Both have long experience
working with ESRs.

Facilities

Goonhilly Earth Station has numerous facilities: e.g. 3 30-m class antennae;
numerous smaller antennae; laboratory and ICT facilities;.

Previous

New company.

Publications

Kloeckner et al., 2011: Goonhilly: a new site for e-MERLIN and the EVN.
2011arXiv1103.3600K.
Heywood et al., 2001. Expanding e-MERLIN with the Goonhilly Earth Station.
2011arXiv1103.1214H.

INAF

Istituto Nazionale di Astrofisica (HQ)

General

INAF (http://www.inaf.it/) coordinates all astrophysical research in Italy and co-
financing for PATH2SKA has been approved at this national level.

Key Staff

In INAF-Rome, |. Hook (E-ELT synergies, 20%); R, Scaramella (Project
Management, Euclid synergies, 10%); in INAF-Cagliari, N. D’Amico (pulsars, 10%)
and A. Possenti (pulsars 20%); in INAF-Bologna, L. Feretti (radio sources, 10%); I.
Prandoni (cosmology, 20%). All the Professors involved have wide experience
supervising PhD students.

Facilities

INAF expertise in radio astronomy is strong: it runs several radio telescopes,
including the new SRT (Sardinia Radio Telescope). To include the academic
expertise needed for PATH2SKA (see details in PhDs 3,6, and 7) the INAF node in
PATH2SKA has three sections: INAF-Rome, INAF-Cagliari and INAF-Bologna.

Previous

Numerous, e.g. SKADS, PrepSKA, RadioNET, RadioNET3
Scaramella currently manages the INAF part of a grant funding science with large
surveys with 5 nodes: 4 Universities plus one large INAF node comprising people
from six different sections nationwide from Sicily to Trieste.

Publications

Prandoni, I., Laing, R.A., Ruiter, H. R., Parma, P.; 2011, A&A 523, 36, "Molecular
disks in radio galaxies: the pathway to ALMA";

Possenti, A., et al.,, 2008, ApJ, 680, 654, “The very soft X-ray spectrum of the
Double Pulsar system J0737-3039.

Walker, E.S., Hook, .M., et al., 2011: Supernova Legacy Survey: using spectral
signatures to improve Type !a supernovae as distance indicators.

MNRAS, 410, 1262.

Part B — Page 39 of 46




PATH2SKA

*&+ 1, — o+

*/0)#1"523)44)h 1 0k

5)6)#"TH

89)1*/0)#1"$23#) 14 1 " #04: 985 ; =>>>72/0 ; @A=BKOK9 ) ) 0) "#CIC) 6%F) i) " 436 (¢
D¥)6C9161211) @) 6866159) 4+E ,

E)Fi+§"Mh

GMH1"6HHE) T 1. IBKLMBIKO%P) 96 ) #5t: ("1 Q8) OMKLMBIRD R " T)A264%:368) #4) #2@ ) $#F Jh
KLMBID%P) 1#3) #: 03@ST"$i26 04K LMBM+%&200) 4: T*6C™" FiH)$) C$2¢0IKL MBJSH89) S#) 'St
:H)$) C$2400K L MBHEHU" #4F4: P3@2 () 08H ) $) Cs240KLMB% , TH"'#) %) Q 3 ) #3) 6C) 44

0S ; )#1I0240524V/+— 0%

D" C313$3) O

*&+ 1, — +12;)#') 09T  6W Fi$)1)0C2; ) HX268#/S86 (16241 , 81 Y+E , #"'#)159)4
5V 1 §:5"7"Q3) 0Ji-+8""#0J4 1 OF03COJN " 64%.608S@) 65"$26B1H) ; ""#@) 6% 641PV -0 , 4
[P"/ 24" S24FIA244-+$543) 04 24— " 43" 264" 6440 ™" $$) #4364 , 0342 ; 9F0ICO%M

1#)132S0%

TS@)#2S0k)?(M+E , H+H+E , H+ZOXX8I1#) ; +E , h—""432TV8l—-"412TV8 [

1S/1C"$260%

1765 HE) I GM) S T YLL\J 1.4756)% 27041512604 28 YO , ++4 ("7"Q3) 0436459) 1] 26) 4 24
"1234"6C0) %, N, b L BY\%

P)96)#HOMHM)SH Y LKKIHSO) KT "sHk ; #247) OK246) "#/FHI2>1; 2> ) " 432402S#C) 04k ) S04
- 2>)#6 (12SW2>00 , ~, I [YH[H

P)L)#h D™I('#26)% ™ RI“M)A264% YLLadh bD2S#)# :9"0)4 *6"IFOI0F 164 #4327
16$)H)E2@)$HFCH , /N, Hd_adkyh

b

+1 8l

+ 8l

5)6)#"TH

+/°8 :988; ==>>>703C2¢ ; 1678 04" 61+ OVI>19) Q ; )#3) 6C) k2ki>2#e36 (F>1$94""C""4) @ICH
£)0)"4CO)#0IHBCISAIE (H1 OHI0SSA) BS0"Sh , +8—*T %550 1 #31""$)¥HSSCIC2@ ; ** 6F¥
C264SC%6 (193(95) CO¥ 5 #2) C50%

E)Fi+§"Mh

,» M&204:+F0$) @0% @24) 736 (KLMBIE 644 1% 1" 6% 5)714)# :+2A=>""#) hK_MB% &2§9% 9" 1)
>2#e) 441>394 1 9HK0$S4) 6304 "$h , +8—*T%

D" C313$3) O

89)41 , B1Y+E, i CRINFI>IMS ") 4; " CYBOK) i+ ; "C) W N+C3) 6C) 443110326 HD 2#4P*D , — I
+/8 4)1)712;)44""HOF0S) @49) "594@"" 6" () @) 6SH0F0$) @S 036 (4483413 1368) T3 () 6C) It
A241/ 230" 1SH) §43" (620008 64K (# " C)ASTH; )#A24@""6C) 14) (" 4"'$126%+S/0)hS) BSTFI+ 8
S0)4159301)Q; )#) 6C)K6E) @/) 44) A10216>""#)44) 03615 24>I6HC 2684 CI04> B9+ , Jh
16CTSA416 (126)44)1)712 ;16 (1) C96212 (3) O2#HASISH H@"" 66) 44@300i26 018240 40%

1#)132S0%

+/8I9" 1) h; T F) 44 @ 2##21) B6IP*D , —1"'6449" 1)@ 6F% 236%; #2 (4" @ @) 0%=>394
V+, %

1S/1C"$260%

GI0)Jh O%368)#h "' 1320% &20% , 24 ) "1k 54#2S642/'0)4%0; "CYh >) ""$9)# @263$2#36 (t >39%
P*D, —J}YLKL}C20;??[1dY [aG™*

55608} ,?GNh R)6)@"J P& &20% , W% YLLN\#h HI088/S$) 4% X2#) 1524 A2#h + ;" C)%
» 5 > 13CR260MYLL108677C26A7dJ 1 5%

b

+ 17

+E , 11#2") CSMiC)Y

5)6)#"TH

89)H+E , H1#27) CHMIC)4:985 ; <=>>>20e""$) 1) 0C2 ; ) 7224 (BHOW2C "$) 44" $HU244) & 646+
$9)HKEH

E)Fi+§"Mh

OM1"6h 1) @I +E, §.65)B@% HH)CS28 5)6)# Th:Y?_MBJh 1% H)>46)FIh+E , § 152 )CS
V6(36))#: MBA&2S9493(OTFH)Q; )Y 6C) 4@ 6" ()#i248) " @OKBECISAI6 (hV+— 0%

D" C313$3) O

+ 174920504+E , 1™ #("'630"$264P) (" HVESSFIC) 6% H@"'6™ () @) 654" 644" 4@363108#" 5264
"'644C) 63" THOF0S) @0 6 (36) )#16 (1) " @%

1#)132S0%

1£) 112S0IF9)H+E , b1 #2(#" @FH) 1)12; @) 6SHANC): + T H*BISO™"$H) " 404@ " 6F124169 ) b
>2¢eh;""Ce" ()OKEH1#) ; +E , %

1S/7C"$260%

H)>46)Fh )$ "W YLKLE +E,bh 19"0)t Kd& V#)B@I6"#Fh +FOS)@% H)OCH;$H26H
988 7 ¢=>>>20e""$)1)0C2 ;) 724 (=; S/TC"$1260H+E , HO) @ 24K [ L
ST )% U YLKLE  X260) ;% H)0I(6h A2
988 7 =>>>20e""$)1)0C2 ;) 724 (=; S/HC " $1260H+E , HO) @24KY _k
+COMTTH IS "1 YLLJI YE)B@36" 4% +; ) CHRICH2604 A2#4 $9)4 +hS"H) EN2@)$)4 , ##"Flk
983 ; =>>>0e"'$)7)0C2; )72¢(=; S/IC"$260M+E , $O) @ 24KL LK

+E,% 19"0)% KN

&S 1 Q%40 of 464




PATH2SKA

MonetDB Monet DB BV

General A company (http://www.monetdb.org/) that assists open-source MonetDB users who
need commercial support, leveraging the MonetDB core developer team at Centrum
Wiskunde & Informatica (CWI) in Amsterdam.

Key Staff M. Kersten, (Director, Database Expert, 5%). Long experience working with ESRs.

Facilities High-tech company that markets software products to enhance societal and
economic impact of research results. It controls, maintains and spreads the open-
source database management system MonetDB.

Previous Close links with FP7 programmes through ASTRON and CWI.

Publications | Boncz, P.A., Manegold S., Kersten M.L., 2009, Database Architecture Evolution:
Mammals Flourished long before Dinosaurs became Extinct, PVLDB 2(2): 1648-
1653.

Boncz, P.A., Kersten M.L., Manegold S., 2008, Breaking the memory wall in
MonetDB, Communications ACM 51(12): 77-85

Ivanova M., Kersten M., Nes, N.J., Goncalves R., 2010, An architecture for recycling
intermediates in a column store, ACM Trans Database Systems, 35(4): 24.

Rhodes U. | For the South African SKA Pathfinder MeerKAT

General The South African SKA pathfinder telescope MeerKAT
(http://www.ska.ac.za/meerkat/).

Key Staff J. Jonas (MeerKAT Project Scientist and radio astronomy expert 10%). Highly
experienced supervisor of PhD students.

Facilities Array of 64 13.5-m antennae under construction in the Karoo Desert. Associated
infrastructure including supercomputing facilities and development laboratories.

Previous PrepSKA, RadioNET, RadioNET3 etc.

Publications | King inter alios Jonas et al, 2010, The C-Band All-Sky Survey: instrument design,
status, and first-look data, SPIE, 7741, 42
Garrett inter alios Jonas et al, 2010, Concept Design for SKA Phase 1,
http://www.skatelescope.org/publications, SKA Memo 125
Schilizzi inter alios Jonas et al, 2007, Preliminary Specifications for the Square
Kilometre Array, http:/www.skatelescope.org/publications. SKA Memo 100

ICRAR International Centre for Radio Astronomy Research

General The International Centre for Radio Astronomy Research (http:/www.icrar.org/) is a
collaborative centre in Perth, Australia.

Key Staff P. Quinn (Director and Virtual Observatory expert, 2.5%), S. Schediwy (radio
astronomy systems, 10%), D. Obreschkow (galaxy evolution, 10%). All have
managed teams including PhD students and other ESRs

Facilities An equal joint venture between Curtin University and The University of Western
Australia, ICRAR has strong support from the West Australian and Australian
governments and is working closely with research and industry partners throughout
Australia and the world. Supercomputing facilities and leaderships in various key
science projects with the Australian SKA Pathfinder (ASKAP).

Previous PrepSKA

Publications | Beaulieu, S.F. inter alios Quinn et al., 2010, The Recent Star Formation History of

NGC 5102, AJ, 139, 984

Schediwy et al.,, 2008, Observation of enhanced optical spring damping in a
macroscopic mechanical resonator and application for parametric instability control
in advanced gravitational-wave detectors, PhRVA, 77a, 3813

Obreschkow, D., Heywood I, Rawlings S., 2011, Detecting Cold Gas at z = 3 with
the Atacama Large Millimeter/Submillimeter Array and the SKA, ApJ, 743, 84
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JIVE Joint Institute for VLBI in Europe

General JIVE (http://www.jive.nl/) has a primary mission of operating and developing the
VLBI data processor of the European VLBI Network (EVN).

Key Staff H. J. van Langevelde (Director and VLBI expert, 2.5%), Z Paragi (VLBI expert,
10%). Both routinely direct research of ESRs.

Facilities EVN VLBI Data Processor and associated support structure, staff and computing
facilities.

Previous PrepSKA, RadioNET, RadioNET3, EuroPlaNet, SKADS etc. JIVE is the leader of
the NEXPReS project. It was highly active in the ESTRELA ITN.

Publications | Amiri N., Vlemmings W., van Langevelde H.J, 2011, The kinematics and magnetic
fields in water-fountain sources based on OH maser observations, A&A, 532, 149
Paragi Z., et al., 2010, A mildly relativistic radio jet from the otherwise normal type Ic
supernova 2007gr, Nature, 463, 516
Giroletti, M., Paragi Z, inter alios van Langevelde, H.J. et al., 2011, Global e-VLBI
observations of the gamma-ray narrow line Seyfert 1 PMN J0948+0022, A&A, 528,
11

Chronos Chronos Technology Ltd

General Chronos (http://www.chronos.co.uk/) is a business-to-business specialist supplier of
timing solutions, services and GPS solutions for the telecom industry, defence and
geolocation markets.

Key Staff C. Curry (CEO, 2.5%), C. Mitchell (University of Bath, ionosphere expert, 5%), J.
Rose (University of Bath, 10%). Have an established industrial-academic
collaboration including ESRs.

Facilities Production facilities for time and timing products, GPS/GNSS navigation systems
and network and site monitoring.

Previous None

Publications | Spencer, P. S. J. & Mitchell, C. N., 2011. Imaging of 3-D plasmaspheric electron
density using GPS to LEO satellite differential phase observations. Radio Science,
46, Rs0d04.

Alfonsi, L., Spogli, L., Tong, J. R., De Franceschi, G., Romano, V., Bourdillon, A.,
Huy, M. L. & Mitchell, C. N., 2011. GPS scintillation and TEC gradients at equatorial
latitudes in April 2006. Advances in Space Research, 47 (10), pp. 1750-1757.
Rose, J. A. R., Tong, J. R., Allain, D. J. and Mitchell, C. N., 2011. The use of
ionospheric tomography and elevation masks to reduce the overall error in single-
frequency GPS timing applications. Advances in Space Research, 47 (2), pp. 276-
288.

Malta University of Malta

General The University of Malta (http://www.um.edu.mt/) is the highest teaching institute in
Malta.

Key Staff K. Zarb-Adami (DSP expert, 10%) is a highly experienced supervisor of ESRs.

Facilities Supercomputing facilities.

Previous University of Malta participates in seven FP7 projects.

Publications | Magro, A., inter alios Zarb Adami, et al, 2011, MNRAS, 417, 2642

Said, J.L. & Adami, K.Z., 2011, PhRvD, 83j, 4047S.
Said, J.L. & Adami, K.Z., 2011, PhRvD, 83d, 3008S
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CAASTRO | University of Sydney

General CAASTRO (http://www.caastro.org/) is the Australian Research Council Centre of
Excellence for All-sky astrophysics. It is lead by the University of Sydney with
PATH2SKA full partners Oxford and MPIfR as CAASTRO partners.

Key Staff B. Gaenesler (CAASTRO Director, 2.5%), Staveley-Smith, L. (HI expertise, 5%), J
Allison (radio interferometry expertise, 10%). Gaensler and Staveley-Smith are
highly experienced supervisors of ESRs and Allison is currently invoived in
managing his first project involving ESRs.

Facilities Leadership in various wide-field surveys to be undertaken with the Australian SKA
Pathfinder (ASKAP). Key Australian partner to PATH2SKA.

Previous CAASTRO is a relatively new entity.

Publications | Hancock, P.P., Gaensler, B.M., Murphy, T., 2011,"Visibility Stacking in the Quest
for Type la Supernova Radio Emission", The Astrophysical Journal (Letters), 735,
L35 (doi:10.1088/2041-8205/735/2/L35)

Geil, P.M., Gaensler, B.M., Wyithe, J.S.B., 2011, "Polarised foreground removal at
low radio frequencies using rotation measure synthesis: Uncovering the signature of
hydrogen reionisation”, Monthly Notices of the Royal Astronomical Society, first
published online 8 Sep 2011 (doi:10.1111/j.1365-2966.2011.19509.x)

Allison, J.R., Sadler, E.M., Whiting, M.T., 2011, "Application of a Bayesian method
to absorption spectral-line finding in simulated ASKAP data", Publications of the
Astronomical Society of Australia, (doi:10.1071/AS11040)

UwC University of the Western Cape (South Africa)

General UWC (http://www.uwc.ac.za/) is national university, alert to its African and
international context. Drawing on its experience in the liberation struggle, it is aware
of a distinctive academic role in helping build an equitable and dynamic society.

Key Staff Jarvis M., (Professor and survey expert, 10%), Zwart (interferometry expert). Jarvis
is a highly experienced ESR supervisor and Zwart has led teams involving ESRs.

Facilities Leadership in various MeerKAT surveys.

Previous UWC has been involved in (non-astronomy) FP7 programmes.

Publications | Jarvis M. et al., 2010, Herschel-ATLAS: the far-infrared-radio correlation at z < 0.5,
MNRAS, 409, 92
Jarvis M. et al., 2009, The discovery of a typical radio galaxy at z = 4.88, MNRAS,
398, 83
Zwart, J.T. et al., 2011, Sunyaev-Zel'dovich observations of galaxy clusters out to
the virial radius with the Arcminute Microkelvin Imager, MNRAS, 418, 2754

IAA Instituto de Astrofisica De Andelucia (Spain)

General The IAA (http://www,iaa.es/) is an astrophysics research institute funded by the High
Council of Scientific Research of Spain in Granada, Andalusia, Spain.

Key Staff L. Verdes-Montenegro (10%, e-Science expert), M. Villar Martin (radio galaxy
expertise,10%) . Both are experienced supervisors of ESRs

Facilities Expertise in e-Science tools for astronomy. The IAA operates the Sierra Nevada
Observatory by itself, and the Calar Alto Observatory jointly with the Max-Planck
Institute of Heidelberg. Hosts node of Spain’s Grid-computing network.

Previous IAA is strongly involved in FP7 e-Science project Wf4Ever.

Publications | Espada, D., Verdes-Montenegro, L. et al., 2011, The AMIGA sample of isolated

galaxies. VIII. The rate of asymmetric HI profiles in spiral galaxies, A&A, 532, 117
Borthakur, Yun, & Verdes-Montenegro 2010, Detection of Diffuse Neutral Intragroup
Medium in Hickson Compact Groups, ApJ, 710, 385

Villar-Martin, M et al., 2011, lonized outflows in SDSS type 2 quasars at z~0.3-0.6,
MNRAS, 418, 2032
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Adler Adler Planetarium (Chicago, USA)

General The Adler Planetarium (http://www.adlerplanetarium.org/) - America’s first
planetarium in Chicago — is a recognized leader in science education.

Key Staff Arfon Smith (10%, Citizen Science expert).

Facilities The museum is home to three full-size theaters, extensive space science
exhibitions, and one of the world's most important antique astronomical instrument
collections on display. It is a US centre for Citizen Science
(http://www.adlerplanetarium.org/investigate/participate/citizenscience).

Previous Adler has not previously taken part in EC programmes.

Publications | Fisher inter alios Smith et al, 2011, Planet Hunters: the first two planet candidates
identified by the public using the Kepler public archive data, MNRAS.tmp.1975F
Kaviraj inter alios Smith et al, 2011, Galaxy Zoo: Dust and molecular gas in early-
type galaxies with prominent dust lanes, arXiv1107.5306K.

Smith et al, 2011, Galaxy Zoo Supernova, MNRAS, 412, 1309
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B.8 GANNT CHART

Month -2 | -1 112(3]4 48
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Manage
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Recruit

Diversity

Outreach

WP3

2 s 4

PHD1

PHD2

PHD3

PHD4

PHD5

PHDG6

PHD7

PHDS8

PHD9

PHD10

PHD11

PHD12

PHD13

PHD14

IESR1

IESR2

IESR3

IESR4

WP4

Schools

Events 1 2 3 4

Courses 4

WP5S

KE

K = Kick-off meeting in Oxford (including PSB face-to-face)

P = Other PSB face-to-face meetings

E = End meeting in Malta (including PSB face-to-face)

The four named Organizing Scientists and experts will attend all the network-wide schools
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ENDPAGE

PEOPLE
MARIE CURIE ACTIONS

Marie Curie Initial Training Networks (ITN)
Call: FP7-PEOPLE-2012-ITN

PART B

‘PATH2SKA”

This proposal is to be evaluated as:

[Multi-Partner ITN

Part B — Page 46 of 46



