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Executive Summary  
The Square Kilometre Array (SKA) will be one of the most complex scientific instruments ever built. It 

will, when fully deployed, consist of a continent-sized array of ~4000 dishes, with a novel flat panel 

aperture array component capable of all-sky imaging, and work in the frequency range 70MHz to ~25GHz. 

The array will be supported by an IT infrastructure designed to handle data rates comparable to the current 

internet traffic of the Earth.  

The breadth of science that the SKA will address is truly remarkable; one should regard it as a fundamental 

physics facility as much as a telescope. It will be used to explore many of the major outstanding problems 

in astrophysics, cosmology and particle-astrophysics today. These include our understanding of the birth of 

the first stars and galaxies, study of the large-scale structure of the universe and the role of dark energy and 

hot and cold dark matter. Astronomers will also use the SKA to determine whether general relativity holds 

in the strong gravitational fields associated with massive black holes, understand the origin and evolution of 

cosmic magnetism, and explore the conditions required for life elsewhere in our galaxy. The SKA, uniquely 

for large scientific infrastructures (and only made possible by its phased construction plan), will be able to 

deliver ground-breaking science while still under construction. 

The scale of the SKA means it can only be constructed as a global project; and so scientists and engineers 

from 19 countries are cooperating in an unprecedented effort to develop the technology required to ensure 

that the SKA is viable and affordable. Recently, the worldwide efforts have been brought to a focus here in 

the UK through two events: first, the STFC are coordinating a project with 24 partners from around the 

globe, which has received EC FP7 funding for a Preparatory Phase Study for the SKA (PrepSKA); 

secondly, the SKA Program Development Office (SPDO) moved to Manchester in February. The SPDO 

will serve as the central coordinating body for all SKA R&D around the world. 

The funding of PrepSKA was a pivotal moment in the life of the SKA; the study provides funding for the 

first time for a central design integration team which will provide the crucial technical coordination role. 

PrepSKA also supports further site studies and vital agency-led work to understand the options for the 

governance, legal framework and procurement policy to construct and operate the SKA.  

This proposal, a close collaboration of the Universities of Cambridge, Manchester and Oxford, requests 

funding of  £9.89M (£8.76M plus £1.13M working allowance and contingency) from STFC to enable the 

UK to continue its key role in the development of the SKA. We have designed the work programme, which 

will run from July 2009 to March 2012, not only to be fully integrated with the global PrepSKA efforts, but 

also to ensure that we build upon the highly-successful SKADS work. The proposal has two major themes; 

the first focuses on the development of the SKA system architecture and the core technologies; the second 

concentrates on the evolution of the advanced digital aperture array, working alongside our European 

colleagues. 

UK-PrepSKA has a significant number of major deliverables amongst which are the implementation of the 

SKA costing tool; the coding of simulation software which will study in detail the SKA signal path; the 

design of the fully integrated fibre optic data link and phase transfer system; the development of an efficient 

digital beamformer; the exploration and testing of the SKA data handling and processing algorithms; the 

detailed design of the mid-frequency aperture array; the delivery of an LNA and matched antenna element 

with Tsys < 50K at 800MHz; the demonstration of an analogue-to-digital converter with SKA performance. 

The work will culminate in the construction of a Digital Aperture Array Verification System to complement 

the dish verification system that will be developed by our US and other colleagues. 
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1. Background  

1.1 Status of the SKA Project 

The SKA will be the most powerful radio telescope in the world: over 50 times more sensitive than existing 

telescopes and with at least 10000 times faster surveying speed. It will consist of an array of antennas with 

a million square metres of collecting area spread across 3000km covering a frequency range of ~70 MHz to 

~25 GHz. The antennas will be linked to a central data processing facility by a wide bandwidth optical fibre 

network forming effectively the largest IT infrastructure on Earth.  

The SKA will transform our ability to address the major outstanding problems in astrophysics, cosmology 

and particle-astrophysics today. These include our understanding of the birth of the first stars and galaxies, 

the study of the large-scale structure of the universe and the role of dark energy and hot and cold dark 

matter. Astronomers will also use the SKA to determine whether general relativity holds in the strong 

gravitational fields associated with massive black holes, understand the origin and evolution of cosmic 

magnetism, and explore the conditions required for life elsewhere in our galaxy. 

The plans for the SKA construction take full advantage of the opportunity afforded naturally by 

interferometers to allow a phased approach to funding, construction and science. It is also planned to make 

major use of aperture array technology, which provides a huge advantage over traditional dish antennas for 

large fields of view at relatively low frequency. In aperture arrays, thousands of individual small antennas 

sample the electric field directly, and the signals are phased up electronically to generate large numbers of 

beams, which can be pointed without using any moving parts. Development of aperture arrays was the main 

theme of SKADS and forms an important component of PrepSKA. It is hoped to build the SKA in three 

phases: Phase 1 will be the initial deployment (15-20%) of the array at mid-band frequencies, and will 

include a significant aperture array component; Phase 2 will be the full collecting area at low to mid-band 

frequencies (~70 MHz ï 10 GHz). Phase 3 will see the implementation at higher frequencies up to 25 GHz 

or more. Preliminary, but detailed, cost estimates are that Phase 1 will cost ~ú300M and the full array 

(Phases 1 and 2) will require ú1.5B. The costs for Phase 3 have not yet been investigated. Operational costs 

of the full array are expected to be ~ú100M/year.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are 55 institutes in 19 countries around the world that are working together to plan the SKA and 

develop the technologies required. Total R&D funding committed in the period 2007-12 is ~ú150M, which 

includes the UK contribution to the SKADS project. In addition, the two candidate host countries, Australia 

and South Africa, are constructing specific SKA pathfinder telescopes (Australia: ASKAP (~AU$100M/ 
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Figure 1: Current planned SKA timeline for Phases 1 and 2 
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ú61M); S.Africa: MeerKAT (~ZAR800M/ ú64M)). Other telescopes (e.g. e-MERLIN in the UK; LOFAR 

in the NL; ATA and EVLA in the USA) enable the exploration of specific aspects of SKA technology. 

The SKA Science and Engineering Committee (SSEC), which governs all scientific and technical aspects of 

the project, and on which the UK currently has two members, has agreed the timeline for the SKA shown in 

Figure 1. The PrepSKA study, of which this proposal forms part, is aimed at ensuring that the delivery of 

this ambitious project can be achieved on the desired timescale. 

1.2 PrepSKA: A Preparatory Study for the SKA 

In September 2006, the European Strategy Forum on Research Infrastructures (ESFRI) published its 

roadmap identifying Research Infrastructures of pan-European interest: SKA was named as one of 35 

projects across all fields of science, and one of only 3 in astronomy and particle astrophysics. This initiative 

was followed up through the provision of EC funding under the FP7 Capacities Programme. Designated 

ESFRI projects submitted proposals for a preparatory phase study aimed at bringing them to the level of 

legal, financial and technical maturity required for implementation. A global consortium of 24 partners (8 

funding agencies, 16 universities and astronomy organizations from Europe, Australia, Canada, South 

Africa and USA), led by STFC, bid for and was awarded ú5.5M for the SKA Preparatory Phase Study, 

PrepSKA. The study builds on the highly-regarded work of SKADS and other R&D projects around the 

world. PrepSKA will enable scientists and policy-makers to develop the legal and policy framework for the 

SKA and to generate the detailed technical design for Phase 1 of the SKA. PrepSKA formally started on 1 

April 2008 and will run until Q1 2012. 

The PrepSKA partners will investigate several issues that need to be addressed before construction of the 

SKA can begin, which form the main workpackages (WP) of PrepSKA: 

¶ What is the design for the SKA? 

(WP2) 

¶ Where will the SKA be located? 

(WP3) 

¶ What is the legal framework and 

governance structure under which SKA 

will operate? (WP4) 

¶ What is the most cost-effective 

mechanism for the procurement of the 

various components of the SKA? 

(WP5) 

¶ How will the SKA be funded? (WP6)  

The majority of the funding from the EC is 

being used to establish the Central Design 

Integration Team (CDIT), which will 

eventually have ~15 engineers and other staff 

and which is part of the SKA Program 

Development Office (SPDO). The CDIT, 

through the largest PrepSKA Work-Package 

(WP2), will be responsible for ensuring the 

integration of the R&D work from around the 

globe, including that to be funded via this proposal, in order to develop the fully-costed design for Phase 1 

of the SKA, and a deployment plan for the full instrument. WP3 is focused on further characterising the 

two sites, through continued RFI measurement and the detailed investigation of SKA infrastructure costs. 

WPs 4, 5 and 6 are led by funding agencies (NWO, INAF and STFC respectively) and will, in a 

collaboration between agency representatives and scientists, address questions 3 through 5 above. The 

Figure 2: Relationship between major SKA R&D projects 
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principal deliverables of PrepSKA will be a detailed design for Phase 1 and an implementation plan that 

will form the basis of a funding proposal to governments to start the construction of the SKA. 

The generation of the major technical deliverables will be a complex task and will be coordinated by the 

CDIT working under the SPDO. WP2 activities are shared between SPDO-CDIT and existing engineering 

groups within regional consortia as shown in Figure 2. 

Good communication between the SPDO-CDIT and regional teams is crucial. Each regional team is 

appointing a liaison engineer (in the case of UK-PrepSKA this will be the Project Engineer, Faulkner) who 

will have responsibility for strategic and operational links to the SPDO-CDIT, particularly to the domain 

specialists and system engineer.  The liaison engineers will provide an active link between the SPDO-CDIT 

and regional engineering programmes. 

1.3 The UK role and leadership in PrepSKA 

The UK is playing a central, and arguably the leading role in the development of the SKA. This was 

recognised in 2007 when the SKA, alongside the E-ELT, was named as one of the two mega-facilities for 

astrophysics in the RCUK roadmap. 

The original concept for the SKA grew out of discussions in the UK and the Netherlands in the early 1990s.  

Astronomers from Manchester, Oxford and Cambridge have been prominent in the SKA steering 

committee (Diamond being Chairman in 2005 and 2006), the SKA Science Working Group (Rawlings 

being vice-Chairman and International Project Scientist in 2004-2006) and in various engineering working 

groups. The UK, through an STFC grant, is the largest player in the current European SKA Design Study, 

which runs until mid-2009.  

Whilst other countries have chosen to target their investment on pathfinder telescopes, the UK has 

developed international leadership in the R&D needed for the SKA itself. Under STFC leadership it plans 

to consolidate its position, through PrepSKA, by maintaining its successful three-site (Cambridge, 

Manchester, Oxford) R&D team that will be fully integrated with the global effort via the Manchester-

based SPDO-CDIT. 

During Diamondôs tenure as Chairman of the international Steering Committee a group of interested 

national funding agencies formed the so-called informal Funding Agencies Working Group, Prof. Richard 

Wade of PPARC was named as the Chair of this working group. The agencies have met to discuss SKA 

approximately every 6 months since early 2006, the most recent meeting being in Perth, Australia in April 

2008; STFC have continued to chair the meetings.  

In 2007 the UK won the international competition to host the SPDO, which moved from the Netherlands to 

the University of Manchester in February 2008. The SPDO is the central organisation of the project and, 

under the International SKA Project Director, is responsible for the coordination of all SKA R&D around 

the world.  

STFCôs co-ordinating role in the EC-funded PrepSKA project and its continued chairmanship of the 

informal agencies group reinforce the critical role that the UK is playing within the SKA. In order to 

continue and to expand this role, with its huge potential effects for UK industry and science, it is essential 

that we build upon the work to date and ensure that the technical work we undertake is key to the success 

of the international project and that we establish ourselves as the principal players and leaders within the 

relevant globally agreed work-packages. The table below indicates those major work-packages, each cell is 

colour-coded to show which country is directing the particular work-package; red indicates the UK. The 

matrix demonstrates the major role that the UK is developing within the SKA project. This will place us in 

the enviable position of being recognised as the natural leaders of the SKA as it moves into Phase 1 

construction and operations. 
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Table 1: Matrix showing the approved work packages within the global PrepSKA project. The colours indicate the countries 

leading particular activities, red indicates the UK - work-package titles underlined and in bold indicate those packages in which 

the UK is participating but not leading. 

 

2. Scientific Justification  
Our knowledge of the Universe underwent a revolution around the turn of the 21st century.  Chiefly from 

observations of the Cosmic Microwave Background (CMB), many of the key cosmological parameters (H0, 

WM etc) of the Universe are now known to reasonable (~10%) accuracy and new and fundamental ones, 

such as the dark energy equation-of-state parameter w, have emerged, but are not yet usefully constrained. 

We now have redshift surveys of millions of galaxies, mapping out the local Universeôs large-scale 

structure that both further constrains cosmological parameters and are beginning to constrain the hot-dark-

matter content, and hence the absolute masses of neutrinos. We also have deep images charting the 

formation and evolution of galaxies and their stellar populations over a large fraction of the history of the 

Universe, and galaxies and quasars are known out to near redshift z=7. Observations of the recently 

discovered double pulsar have tested General Relativity (GR) rigorously in the weak-field limit. Exoplanets 

are known to be associated with a large fraction of stars.  

Our theories and paradigms concerning all these observational facts are, however, either incomplete or 

potentially wrong. Dark energy does not sit easily with established theories like GR. Theoretical 

interpretation of neutrino oscillation experiments tell us we should be close to a detection of the signature 
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of hot dark matter (neutrinos) in the power spectrum of galaxies, but there are not yet any hints of this 

signature. The formation and evolution of galaxies and their constituent stars cannot be understood without 

invoking poorly-understood feedback processes coupling jets from compact objects with their large-scale 

gaseous environments, and the role of magnetic fields remains mysterious. Theories suggest that GR might 

break down in the strong-field limit, but there are currently no systems available with which to make the 

requisite tests. The known exoplanets are Jupiter-sized, but are orbiting too close to their parent stars to 

have been born in situ. 

As always there is much still to learn, but many of the deepest thinkers believe we may truly now be on the 

verge of unusually significant breakthroughs in our understanding of the Universe. Observations with 

transformational observational capabilities are required to push further forward, and the ESFRI/RCUK road 

maps includes two future ñbig-scienceò ground-based telescopes akin to the giant accelerators that now 

dominate much of particle physics. One of these, the E-ELT ï an ESO-led 42m optical telescope ï is 

planned to improve significantly on the next-generation optical telescopes being developed in the USA 

(e.g. the Thirty-Meter Telescope TMT). The other is the SKA which unites the whole radio astronomy 

community within a single global project. 

The full science case for the SKA can be found in a 600-page book (Carilli & Rawlings 2004). In the 

limited space here we will focus on the ability of the SKA to deliver world-leading results by 2015, i.e. in 

its Phase 1 incarnation, and on the transformational science made possible in Phase 2 by full deployment of 

the novel technologies which are being pioneered in Europe through SKADS, and which will generate first 

science during Phase 1.  

The current remaining design choices for the SKA are summarised in Table 1 of Schilizzi et al (2007). The 

~10- and then ~100-fold increases in raw sensitivity (Aeff/Tsys) provided by SKA Phases 1 and 2 over 

current radio telescopes will prove critical to achieving scientific breakthroughs. To put this in context, 

similar sensitivity gains for observations of spatially resolved galaxies with photon-noise-limited optical 

telescopes would require upgrading from the current 10-m-class optical telescopes to 100-m and 1000-m 

diameter telescopes respectively!  

However, the performance gains of the SKA will not be limited to those due to gains in raw sensitivity. The 

wide instantaneous fields-of-view (FOV) opened up by the focal-plane and aperture-array technologies will 

generate truly remarkable mapping speed increases over current radio facilities: by a factor ~1000 in Phase 

1 and  by ~10
6
 in Phase 2. This means that all-hemisphere Phase 1 SKA  surveys will be dominated by 

distant star-forming galaxies and will measure ñblindò redshifts, via the 21-cm HI line, to redshift z~0.75. 

All -hemisphere Phase 2 SKA surveys will be dominated by distant normal (Milky-Way type) galaxies, and 

measure redshift to z~2. A small patch of sky from the SKADS continuum-sky simulations (Wilman et al. 

2008) is shown in Figure 3. 

 

 

 

Figure 3: A small patch (roughly 

0.001%) of the SKADS continuum 

sky simulation of Wilman et al. 

(2008): the full dataset is 

downloadable from the S
3
 website or 

via the AstroGrid VODesktop.  

 

The deepest current radio surveys 

would detect only ~10 of the 

brightest sources in such an area. 
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Before turning to the SKA Key Science Projects (KSPs), it is worth emphasising the amazing discovery 

potential of the SKA. The data processing advances required by all realizations of the SKA will necessarily 

open up huge swathes of new parameter space, particularly in the time domain (Figure 4). It is clear that 

SKA discoveries beyond those we can presently guarantee are likely to have a huge impact on the KSPs: 

for example, very-high-z bright radio transients may provide the best background sources for studies of 

absorption lines in the EoR. Another example comes from the Cradle of Life KSP which, because it will 

largely be pursued in Phase 3 SKA after a significant period of digestion of data from ALMA, is the only 

one of the five KSPs not to be discussed in more detail here. Bursts of 0.001-10 mJy are expected from the 

nearest exoplanets on timescales of seconds to minutes due to interactions between their magnetospheres 

and parent-star winds. This entirely new way of detecting exoplanets looks set to yield new classes of 

object as well as new physical information on exoplanets such as their magnetic field strength and rotation 

rate (Zarka 2007). 

 

The ability to generate aperture array beams ñon the flyò, and in widely separated directions, has both 

practical advantages (e.g. in nulling interference sources) and known science advantages (e.g. multiplexing 

of exoplanet searches, see above, and ópulsar-timing arraysô, see below), but also opens up interesting new 

discovery opportunities such as the time buffering of signals to allow a radio beam to be formed in some 

direction at times prior to the occurrence of some `triggeringô event. Such óExploration of the Unknownô is 

explored in the SKA science case book (Wilkinson et al. 2004), but the discovery potential is perhaps best 

ill ustrated by a recent example (Figure 4): a radio burst that for a few ms became one of the brightest 

sources on the sky, and remains enigmatic (Lorimer et al. 2007).  

Despite the success of GR, the fundamental question remains as to whether Einstein had the last word in 

our understanding of gravity and this defines the Strong-field Test of Gravity KSP. The SKA will 

discover all the active pulsars in the Milky Way beamed towards us, providing the only chance we will 

have of finding any pulsar ï black hole binaries in our galaxy, or a pulsar orbiting the super-massive Black 

Hole in the Galactic Centre. These systems would consist of accurate clocks orbiting in an ultra-strong 

gravitational field, and are unique in their capability to probe GR, specifically the No-Hair Theorem and 

Figure 4: (Left) The phase space for radio transients (Wilkinson et al. 2004). Note the huge regions without known 

sources - regions the SKA will probe. (Right) The location of a single 30-Jy dispersed radio burst of less than 5 ms 

duration that because of its wide dispersion is extragalactic; with a brightness temperature ~ 1034 K, it is a coherent 

source. This is a new class of astronomical object whose physical origin is unknown: it may be the result of the 

collision of two Neutron Stars which would be a likely source of gravitational waves. 
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the Cosmic Censorship Conjecture (Kramer et al. 2004). SKADs pulsar simulations
1
 predict ~1000 ms 

pulsars forming a dense array of precision clocks on the sky. By looking for spatially-correlated distortions 

in the timing data in such a pulsar timing array (PTA), it will be possible to detect gravitational waves 

impinging on our Galaxy; indeed, the very limited PTAs available for study with current radio facilities are 

getting very close to the accuracy needed to detect the gravitational waves from the merging of distant 

super-massive black holes (Figure 5).  

From the SKADS Virtual Telescope (SVT
2
) exercise, the following Phase 1 SKA results are predicted. 

Surveys will increase the number of known pulsars by factors of several, and thus likely uncover systems 

more exotic than the double pulsar, and perhaps the first fully relativistic binary. The timing precision on 

pulsars will be improved by a factor~10, with the aperture array providing an additional multiplex timing 

advantage. The PTA will contain ~30 pulsars yielding a detection of a background of gravitational waves at 

more than 5s significance after a few years of timing. There are also likely to fruitful synergies with 

gravitational wave detectors: e.g. Advanced LIGO data can be used to generate a predictive alert in an error 

box on the sky containing a close (<300 Mpc) binary neutron star in-spiral and plunge. The Phase 1 SKA 

could then perform a rapid response search of this error box to reveal the prompt synchrotron emission 

from the coalescence itself. The present-day Universe is seemingly dominated by dark energy and dark 

matter, but mapping the normal (baryonic) content remains vital for understanding how galaxies form, as 

well as cosmology and particle-astrophysics. This defines the Galaxy Evolution and Cosmology KSP, 

two major aims of which are to make the first studies of high-z HI and to use the HI galaxy power spectrum 

P(k) to probe the dark energy w (Abdalla & Rawlings 2005) and the mass scale of neutrinos (Abdalla & 

Rawlings 2007). The key experiments will be deep fields and all-hemisphere surveys to measure P(k).  

The Phase 1 SKA will undertake a deep survey to measure the HI mass function to redshift z~2, using the 

gravitational lensing boost of rich cluster targets to obtain measurements, or set constraints at still higher 

redshifts. This provides a fundamental measurement of the most abundant element in the Universe, which 

currently is measured in emission only to z~0.2. This evolution, and the corresponding evolution in the 

HI/H2 ratio (which will come from combining SKA and ALMA results) provides the key to understanding 

the roles of gas accretion, galaxy merging and star formation in the evolution of galaxies (van der Hulst et 

al. 2004). It will also remove the major uncertainty in SKADS simulations (Figure 6) which currently are 

constrained only by the integral of the HI mass function inferred from the damped-Lya lines of distant 

quasars. 

The Phase 1 SKA all-hemisphere survey will detect ~10
7
 galaxies and deliver multiple measurements (e.g. 

split by galaxy type, galaxy mass etc) of P(k) out to redshift z~0.35 and at least one (mildly shot-noise 

limited) measurement of P(k) out to z~0.75. For constraining w via measurement of Baryonic Acoustic 

Oscillations, SKA surveys will thus be competitive with the best available optical redshift surveys (e.g. 

with WFMOS) available by ~2015. The combination of the radio and optical approaches will be critical in 

understanding the effects of galaxy bias. The dramatic increase in survey volume in Phase 2 SKA (to z=2) 

will  surpass all optical surveys until Euclid is launched, with once more a clear scientific synergy between 

SKA (sensitive to gas) and Euclid (sensitive to stars). 

 

                                                      
1
 The S

3
 (SKADS Simulated Skies) website is http://s-cubed.physics.ox.ac.uk/ 

2
 The SKADS SVT exercise generated 30 `observing proposalsô for early phases of the SKA (see 

http://webmail.jb.man.ac.uk/SKAwiki/VirtualTelescope. Username: SKA, Password: SKADS.) 

http://webmail.jb.man.ac.uk/SKAwiki/VirtualTelescope
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Magnetism is one of the four fundamental forces but its origin in stars, galaxies, clusters of galaxies and the 

intergalactic medium is the open problem addressed by the Magnetic Universe KSP. The strongest limits 

on primordial magnetic fields are currently theoretical in the sense that very strong primordial fields would 

have induced such high magnetic stresses at the time of recombination that they would have easily 

observable effects on galaxy formation. Substantial progress in this area can be made with the Phase 1 SKA 

as a side product of the `HI all-hemisphereô surveys will provide spectro-polarimetric data for a dense (one 

every ~arcminute or so) grid of ~10
6.5 

sources allowing, towards each, a Faraday Rotation Measure (RM) to 

be calculated. As RM is proportional to the line-of-sight field strength (as well as electron density ne and 

path length l), this gives a unique way of probing the magnetic field in all these classes of object. An 

example is shown in Figure 7: a deep Phase 1 SKA pointing would detect ~50,000 radio sources behind 

~10,000 clusters. By cross-matching these data with data from the Dark Energy Survey (DES; the DES SZ 

data measuring ne and l), the magnetic field in clusters as a function of mass and redshift will be 

determined. 

The baryons in the Universe, although now almost completely ionized, were once neutral and had to be re-

ionized by some mixture of stars and accreting black holes. The epoch of re-ionization (EoR) sets a 

fundamental benchmark in cosmic structure formation, corresponding to the formation of the first luminous 

Figure 5: (Top left) The role of the SKA in the detection of gravitational waves via the SKA Pulsar Timing Array 

(SKA-PTA) from Kramer et al. (2004). The yellow shaded area shows the predicted gravitational wave signal 

from the merger of super-massive black holes. A straightforward conclusion from this plot is that the SKA seems 

guaranteed to detect gravitational waves whilst the Phase I SKA has an extremely good chance of doing so. 

Figure 6: (Top right) A 3D view of part of the SKADS line simulations which contain ~10
8
 simulated HI-

emitting galaxies over ~20 deg
2
, downloadable from the S

3
 web page.  

Figure 7: (Bottom) Faraday depth image of ~0.1% of the sky to be probed by SKA.  The sky simulation (left) 

picks out clusters and groups. The middle panel shows the recovered RM sky against background sources brighter 

than 1 mJy and the right panel shows it smoothed. 
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objects that act to ionize the neutral intergalactic medium (IGM), and is the subject of the EoR KSP. The 

SKA will image the neutral IGM at z>7 in HI emission or absorption, a truly unique probe of the process of 

re-ionization that is recognized internationally as the fundamental next step in our study of large-scale 

structure and cosmic re-ionization. SKA pathfinders like LOFAR have a good chance of obtaining the first 

statistical detections of an EoR signal, either by power-spectrum measurements or by absorption 

experiments towards the highest-redshift quasars or transient sources, but only the SKA will have imaging 

ability. 
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3. Overview of the current and future technical programme  

3.1 The UK contribution to SKADS 

The Square Kilometre Array Design Studies, SKADS, is a ú38M European project catalysed with ú10.4M 

EC FP6 funding which has successfully attracted substantial national funding from across Europe. SKADS 

is a four year programme which started in July 2005 and will complete in June 2009. 

The share of EC funds, which is indicative of national participation, is shown in Figure 8. As can be seen 

the UK is at the top, equivalent to the coordinating country, the Netherlands. Within the UK we have actual 

or de-facto leadership of: 

¶ Science simulation studies adopted by the SKA, DS2, ï Oxford 

¶ SKA data network and functional simulations plus the cost modelling tool, DS3 ï Cambridge 

¶ The advanced technical studies and all-digital aperture array demonstrator, DS4 ï Manchester 

These are the principal studies within SKADS apart from the manufacture of a large demonstrator, 

EMBRACE in DS5, lead by ASTRON.  

The management of SKADS is shown below: 

 

Coordinator: 
Arnold van 

Ardenne 
ASTRON 

Board Chairman: Peter Wilkinson Manchester 

Proj. Engineer: Andrew Faulkner Manchester 

Proj. Scientist: Steve Torchinsky Obs. de Paris 

Proj. Manager: Andre van Es ASTRON 
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Figure 8: National share of SKADS EC Funding 
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As can be seen the UK has taken strong leadership roles in SKADS, particularly in the overall programme 

management. This forms the basis of the strong UK position in UK-PrepSKA for the international SKA 

project. 

3.2 Summary of Achievements during SKADS 

The principal technical achievement for SKADS, with strong UK participation, is the acceptance by the 

International SKA community of the role of aperture arrays as the low frequency, very high survey speed 

collector technology of choice for the SKA. The focus of SKADS and subsequently one of the major 

activities in UK-PrepSKA, continuing our collaboration with European colleagues, is to demonstrate the 

practicality of high frequency (up to ~1GHz) aperture arrays in the SKA timeframe. Other groups around 

the world are working on other aspects of required SKA technology, e.g. the Technology Development 

Program (TDP) in the USA, which is focusing on high-performance, low-cost dishes (which are also the 

subject of active development work in Australia, Canada and South Africa); the phased array programmes 

in Australia (part of ASKAP), the Netherlands (APERTIF) and Canada (PHAD). Significant work on 

digital signal processing and software is being undertaken throughout the SKA consortium. 

SKADS work by the UK has made very substantial advances in the scientific justification of the SKA 

through a successful suite of sky simulations, which makes strong statements for the projected results from 

the SKA and is now in use for the SKA internationally as the de-facto standard. The interest of the 

international community has been attracted by the concept of the ñSKADS virtual telescopeò, which had 30 

proposals written by researchers for óobservation timeô. 

The design and costing of the SKA, a major SKADS deliverable, is acknowledged internationally to be a 

vital task which must and will be continued through PrepSKA. By taking a very proactive role in the early 

stages of SKADS, the UK now has a lead position in cost modelling for the international SKA project. The 

software tool is being structured, written and maintained in the UK. This tool will be extended to 

incorporate the SKA functional simulator, a central role in the SKA. 

There have been multiple technological achievements at the important sub-system level for the SKA. Major 

ones include: 

¶ Conceiving of and building a novel receiving element technology that holds great promise for 

improved performance and lower implementation cost than current designs; 

¶ Showing that the digital processing for an all-digital aperture array is feasible in the SKA timeframe 

and desirable scientifically; 

¶ Demonstrating the feasibility of óphase transferô over fibre to SKA requirements. This enables a precise 

time standard to be distributed throughout the SKA system; 

¶ Showing that there are potential solutions, requiring further development, for the ambient temperature 

low noise amplifier in multiple semiconductor technologies: silicon, gallium arsenide and indium 

phosphide. 

¶ Creating a practical system design concept for an SKA scale, 1GHz aperture array of ~60m diameter 

and building a demonstrator, 2-PAD, which illustrates the important technologies required. 

During this work the UK participants have been actively involving industry with a view to ensuring full 

juste retour for the UK.  The major components of the UK SKADS programme are: 

 

Science Contribution 

¶ The UK, through Oxford, has the lead in delivering the science simulations for SKADS. This provides 

the basis of justification for the overall SKA specification. The successful SKADS science simulation 

programme DS2-T1 will not be pursued further within UK-PrepSKA. To maintain this crucial activity, 
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and connect it closely with the analysis of data coming from the various SKA Pathfinders, the 

European SKA Consortium (ESKAC) have decided to submit a ú4.5M EC FP7 Marie Curie Initial 

Training Network by 2 Sep 2008. This Path2SKA proposal {http://www-

astro.physics.ox.ac.uk/~sr/Path2SKA.html } will support a cadre of 30 or so PhD students and young 

postdocs across Europe, and will be coordinated by Steve Rawlings at Oxford. 

¶ Focus now is on researching the effects of a real telescope on the anticipated sky with the inherent 

systematic errors, distortions by the atmosphere, and sensitivity variations expected. This information 

is then used to develop detailed configurations of the SKA. 

 

SKA System and Cost Modelling 

¶ The UK, utilising its work on science simulations, has been heavily involved in the SKA functional 

simulations. These lead directly to understanding the cost of the SKA. 

 

¶ Cambridge, working with groups in Australia and South Africa, has been leading the development of a 

major cost modelling tool which will be used internationally for developing the best design for the 

SKA and providing a convincing case to the funding agencies. 

Wide-area Data transfer and time distribution 

¶ The SKA will move >10
15

 bits/s of data: this is a major cost and development requirement. 

Manchester, building on its work on e-MERLIN and ALMA, has been studying the data transfer 

issues. This involves detailed projections with manufacturers and trial implementations for costing. 

The knowledge is being integrated into the design and cost modelling above and is crucial to the 

configuration decisions. 

¶ The SKA requires the precise transfer of time, to a few ps (10
-12

 secs), across the whole array. 

Manchester, building on the work within e-MERLIN, has shown that the requirements for the SKA are 

achievable. This work will be further developed in PrepSKA. 

Technologies for an all-digital aperture array  

¶ The UK has taken the ambitious position of concentrating on an all-digital implementation of the 

aperture array system. This contrasts with the alternative approach being pursued by Dutch colleagues 

who are using analogue techniques for the first stages of beam-forming. A major contribution to 

SKADS by the UK is that we can now project that an SKA capable all-digital aperture array in the 

time-frame of the SKA is entirely feasible. Of course, substantial work is required for the optimum 

system design; this will occur within PrepSKA.  The sub-systems being developed in SKADS for the 

all-digital aperture array are shown in Figure 9. 

Antenna elements and array design 

¶ The design and optimisation of the array and the elements themselves are subject to considerable 

design work in multiple institutions. Manchester is working on a number of designs and has made 

excellent progress on a particularly innovative design, the óOctagon Ring Antennaô, ORA which has 

great promise for both the best overall performance and with lowest cost. 
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Low noise amplifier, LNA  

¶ There are developments around the world for LNAs covering various semiconductor implementations: 

GaAs, InP, bulk silicon and SiGe. This part is a vital part of the design to minimise noise and thus 

reduce the costs for a fixed SKA sensitivity. In Manchester, we have been concentrating on a 

customised InP design, for which simulations predict encouraging results particularly for its ability to 

match over a wide-range of frequencies to the antenna element. If the tested performance meets 

expectations then it will be a significant contender as the most suitable LNA for the aperture array. 

Analogue to Digital Converter, ADC  

¶ A critical part of the all-digital aperture array is the ADC. This must be very fast, Ó2.4GS/s, and low 

power. Manchester undertook an InP based development to provide a suitable device. In the last few 

years silicon technology has made substantial progress such that it can now more than provide the 

required performance. A major advance in UK SKADS has been the retirement of the ADC as a major 

risk. 

Processing and algorithm design  

¶ The data processing load (>10
16

 operations per 256 element tile) was regarded as extremely 

challenging in 2005. It is currently still very expensive, however, within SKADS we have shown that 

with the anticipated mass-market devices of 2012, using 45nm design rules, the digital processing can 

be built for reasonable cost and power. The system can certainly be built using specific custom 

devices, ASICs, and it will probably be feasible using specialist fully programmable chips. 2-PAD, has 

been designed with a combination of programmable hardware, FPGAs, and a fully programmable 

beamformer processor and will be used as a demonstrator. 

Mechanical and Physical design 

¶ Notable work within SKADS is the development of a low-cost, shielded processing bunker essential to 

eliminate problems of self-induced RFI. 

Figure 9: Signal chain for aperture array ñTileò 


