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Executive Summary

The Square Kilometre Array (SKA) will be one of the most complex scientific instrumentbeite It

will, when fully deployed, consist of a contineited array of ~4000 dishes, withnavel flat panel
aperture array componecépable of alsky imaging and workin the frequency range 70MHz to ~25GHz.
The array will be supported by an IT ia$tructure 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 regarfliitdeseental

physics facility as much astelescope. It wilbe used to explore many of the major outstanding problems

in astrophysics, cosmology and partialgtrophysics today. These include our understanding of the birth of
the first stars and galaxies, study of the lasgale structure of the universe andble 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 magnetim, and explore the conditions required for life elsewhere in our galtweySKA, uniquely

for large scientific infrastructures (and only made possible by its phased construction plan), will be able to
deliver grounebreaking science while still under cangtion.

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 affoable. 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 fBKAh¢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 SHA;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 ageacyork to understand the options for the
governane, 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 £9.8M (£8.76M plus £1.181 working allowance and contingencifpm 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 20120t onlyto be fully integrated with the global PrepSKA effoliat

also to ensure that wauild upon the highhsuccessful 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 aroaking 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
designof 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 algdighms;
detailed design of the milequency apertureriay; the delivery of an LNA and matched antenna element
with Tsys < 50K at 800MHz; the demonstration of an analdgttkgital converter with SKA performance.

The work will culminate in the construction of a Digital Aperture Arxéerification System to@mplement
the dish verification system that will be developed by our US and other colleagues.
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1. Background

1.1 Status ofthe SKA Project

The SKA will be the mogbowerfulradio telescope in the worldver50 timesmoresensitivethan existing
telescopesnd withat leastL0000 times faster surveying speed. It will consist of an array of antennas with
a million square metres of collecting area spread a@@33kmcovering a frequency range of ~70 MHz to
~25 GHz. The antennadill be linked to a central data processing facility by a wide bandwidth optical fibre
networkforming effectively the largest IT infrastructure on Earth

The SKA will transform our ability to address the major outstanding problems in astrophysics,ogysmol
and particleastrophysics today. These include our understanding of the birth of the first stars and galaxies,
the study of the largscale structure of the universe and the role of dark energy and hot and cold dark
matter. Astronomers will also useettSKA 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 pdans for the SKA construction take full advantage of the opportunity afforded naturally by
interferometers to allow a phased approach to funding, construction and sitiemaéso planned to make
major use of aperture array technology, which providesge 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 genezatertavgrs of
beams, which can be pointed without using any moving parts. Developnapdrairearrays was the main
theme of SKADS and forms an important component of Prep3Ki8.hoped to build the SKA in three
phases: Phase 1 will be the initial depient (1520%) of the array at midand frequencies, and will
include a significant aperture array component; Phase 2 will be the full collecting area at lowbemuhid
frequencies (~70 MHE 10 GHz). Phase 3 will see the implementation at higher freggeenp to 25 GHz

or more. Preliminary, but detailed, cost estimatestalea t Phase 1 wil/|l cost ~ U0 3

(Phases 1 and 2) will require 0l1.5B. The costs fo

of the full array are expected to be ~0100M/year.
SKA Timeline

o8 09 10 (12 12 13 14 15 |16 (17 (18 19 20
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PrepSKA
UK-PrepSKA
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Pathfinder constr
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SKA site decision
Phase 1 constr
Early science
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Figure 1: Current planned SKtimeline for Phases 1 and 2

There are 55 institutes in I®untries around the world that are working together to plan the SKA and
develop the technologies required. Total R&D funding conemiith the period 200 2 i 50M, widich
includes the UK contribution to the SKADS project. In addition, the two candidetecountries, Australia
and South Africa, are constructing specific SKA pathfinder telescopes (Australia: ASKAP (~AU$100M
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0 6 1;NB.Africa: MeerKAT (~ZAR800M U . DiMer telescopes (e.MERLIN in the UK; LOFAR
in the NL; ATA and EVLA in the USA) mable 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 timeliné&StA thleown 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 20Q6the Euppean Strategy Forum on Research Infrastructures (ESFRI) published its
roadmap identifying Research Infrastructures of-Raropean interest: SKA was named age of 35

projects across all fields of scienead one of only 3 in astronomy and particlegdtysics This initiative

was followed up through the provision of EC fundumgder the FP7 Capacities Programmesignated

ESFRI projects submitted proposals for a preparatory phase study aimed at bringing them to the level of
legal, financial and techeal maturity required for implementatioA. global consortium of 24 partners (8
funding agencies, 16 universities and astronomy organizations Eunwpe, Australia, Canada, South
Africa and USA , l ed by STFC, bid for and arat@aysPhasevitudyd e d U
PrepSKA. The study builds on the highilggarded work of SKADS and other R&D projects around the
world. PrepSKA will enable scientists and polinyakers to develop the legal and policy framework for the
SKA and to generate the detailethnical 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 beginwhich form the main wdpackages (WP) of PrepSKA

1 What is the design for the SKA" Figure 2: Relationship between major SKA R&D projects

(WP2) and the SPDO
' Where will the SKA be located? Europe
(WP3) (PrepSKA,

)
1 What is the legal framework and LOPAR

governance structure under which SKA
will operateAWP4)

M What is the most -cosffective
mechanism for the procurement thie
various components of the SKA?
(WP5)

1 How will the SKA be funded®VP6)

The majority of the funding from the EC is
being used to establish the Central Desigp
Integration Team (CDIT), which will
eventually have ~15 engineers and other staR
and which is part of the SKA Program Technology Innovation
Development Office (SPDO). The CDIT, and Prototyping
through the largest PrepSKA WeRackage

(WP2), will be responsible for ensuring the

integration ofthe R&D work from @aound the

globe including that to be funded via this proposalprder todevelop the fullycosted design for Phase 1

of the SKA, and a deployment plan for the full instrum&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 throughThebove.

Australia
(ASKAP

System Design
Integration

Canada
(ASKAP,
PHAD)
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principal deliverables of PrepSKA will be a detailed designMbase 1 and amplementation 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 SEDIJ and existing engineering
groups within regional consortia as shown in Figure 2.

Good communication between the SRPDOIT and regional teams is crucidtach regional team is
appointing a liaison engeer (in the case of URrepSKA this will be the Project Engineer, Faulkner) who
will have responsibility for strategic and operational links to the SRIDON, particularly to the domain
specialists and system engineer. The liaison engineers will prawidetive link between the SPBCDIT
and regional engineering prograres.

1.3 The UK role and leadership in PrepSKA

The UK is playing a central, and argualthe leading role in the development of the SKPhis was
recognised in 2007 when the SKA, alongsttle EELT, was named as one of the two méagilities for
astrophysics in the RCUK roadmap.

The original concept for th8KA grew out of discussions in the UK and the Netherlands in the early 1990s.
Astronomers from Manchester, Oxford and Cambridgeehbeen prominent in the SKA steering
committee (Diamond being Chairman in 2005 and 2006), the SKA Science Working Group (Rawlings
being viceChairman and International Project Scientist in 20086) and in various engineering working
groups. The UK, thragh an STFC grant, is the largest player in the current European SKA Design Study,
which runs until mie2009.

Whilst other countries have chosen to target their investment on pathfinder telescopes, the UK has
developed international leadership in the R&Eeded for the SKA itself. Under STFC leadership it plans

to consadate its position, through Pr8gA, by maintaining its successful thrsige (Cambridge,
Manchester, Oxford) R&D team that will be fully integrated with the global effort via the Manchester
based SPD&DIT.

During Diamond6s t e nintarnationalSteeri@h @Gommittea a graup of interested
national funding agencies formed thecsdled informal Funding Agencies Working Group, Prof. Richard
Wade of PPARC was named as the Chair of this worgnogip. 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 tothhe 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.

S T F Cco-ardinating role inthe EGfunded PrepSKA projecand its continued chairmanship of the
informal agencies group reinfordhe critical role that the UK is playing withithe SKA. In order to

continue and to expand this role, withlitsge 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 theinternationalproject and that we establish ourselves as the principal players and legitiér the

relevant globally agreed wofhackages. The table below indicates those major-ywackages, each cell is
colourcoded to show which country @irectingthe particular workpackage red indicates the UK. The

matrix demonstrates the major roteat 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 packagéthin the global PrepSKA project. The colours indicate the countries
leading particular activities, red indicates the Uork-package titlesinderlined and in bold indicate those packages in which

the UK is participating but not leading.

T1 T2 T3 T5 T6 T7 T8 T9
. SKA cost SKA-P1 SKA
P1 | SKA design SKA concept SKA SKA lie SKA support | o yimisation technical | system
exposition | specification | cycle study model )
doc design
SKAPL SKA-P1 sub
Sub-system
P2 Spec & systems
_ specce specification CDIT
integration
Initial s VS Int. &
P3 | Verification specification Test UK
System specflication
. o ; : ; . ASTRO
pa I?)Istl’il r:s:t?:n Dish gemgn Dish ?Eie3|gn B Gl A N
p (NL)
Feed Wideband WFoV:
i : ; : ATNF
P5 prototyping | singlepixel Multiple-feed
(Aus)
feeds clusters
Receiver Newegen. NRF
P6 rototypin £n/o (zA)
P yping solutions
Signal Intra - TDP
P7 transport antenna (USA)
prototyping data links
Slgna! Correlators Interference DRAO
P8 processing L
. mitigation (CA)
prototyping
Computing SKA Comoutin Obs de
P9 | specification| COMPUting & Krdﬁ Paris
& prototyping SwlilEe - (FR)
spec
WP2 degn | cpit project
P10 study management INAF
management (Im)
PM

2. Scientific Justification

Our knowledge of the Universe underwent a revolution around the tuhe 2.st century.Chiefly from
observations of the Cosmic Microwave Background (GMBany of the key cosmological parametéts (

U, etc) of the Universe are now knowm teasonable (~10%) accuracy amelv and fundamental ones,
such as the dark energy equatidrstate parametew, have emerged, but are not yet usefully constrained.
We now have redshift surveys of millions of galaxima ppi ng out t he Iscale al
structure thabothfurther constraia cosmological parameters aatebegiming to constain the hotdark
matter contentand hence the absolute masses of neutrinos.aMtehave 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 knowinto near redshiftz=7. Observations of the recently
discovered double pulsar have tested GeneraligldGR) rigorously in the weakeld 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 dsenot 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 theretayetramy hints of this
signature. The formation and evolution of galaxies and their constituent stars cannot be understood without
invoking poorlyunderstood feedback processes coupling jets from compact objects witlardpescale
gaseous environmentand the rolef magnetic field remains mysterious. Theories suggest that GR might
break down in the stronigeld limit, but there are currently no systems availaki#h which to make the
requisite tests. The known exoplanets are Jupited, but arerbiting 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 rellgnagw be on the

verge of unusually significant breakthroughs in ouderstanding of the UnivarsObservations with
transformational observational capabilities are required to push further forward, and the ESFRI/RCUK road
mapi ncl udes twa i feuwnt ebased felwsoagpes akin to the giant accelerators that now
dominate much of particlphysics. One of these, theEH.T I an ESQGled 42m optical telescopk is
planned to improve significantly on the nedneration optical telescopes being developed in the USA
(e.g. the ThirtyMeter Telescope TMT). The other is th&/ which unites the wha radio astronomy
community withn a single globaproject.

The full science case for the SKA can be found in a-p@Qge book (Carilli & Rawlings 2004). In the
limited space here we will focus on the ability of the SKA to deliver wimdding results by @15, i.e.in
its Phasel incarnation, and on the transformational science mad#bman Fhase2 by full deployment of
the novel technologies which are being pioneered in Europe through SKADSvhich will generate first
science duringthasel.

The curent remaining design choices ftietSKA are summarised in Table 1 of Schilizzi et al (200fg

~10- and then ~10@old increases in raw sensitivityA/Ts,9 provided by SKA Rases 1 an@ over
current radio telescopes will prove critical to achiayiscientific breakthroughd o put this in context,
similar sensitivity gains foobservations of spatiallgesolved galaxiesvith photorrnoiselimited optical

telescopesvould require upgrading from the current-ttoclass optical telescopes to 280and1000m

diameter telescopes respectively!

However, the performance gainstbé SKA will not be limited to those due to gains in raw sensitivity. The
wide instantaneous fields-view (FOV) opened up by the foeplane and apture-array technologies wil
generatdruly remarkable mapping speed increases over currentfeadiities: by a factor ~1000 in Phase

1 and by ~1Din Phase2. This means that ahemisphere Phask SKA surveys will be dominated by
distant stafforming galaxies and will measufeb | iredshifis via the 2tcm HI ling to redshiftz~0.75.
All-hemisphere PhaseSKA surveys will be dominated by distant normallidy-Way type) galaxies, and
measure redshift to~2. A small patch of sky from the SKADS continwgiky simulations (Wihan et al.
2008) isshown in Figure 3.

866 % X-AIPS tv Screen Server 98 - UNIX 1

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 Svebsite 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 tahe SKA Key Science Projects (KSPs)it is worth emphasising the amazing discovery
potential of theSKA. The data processing advances required by all realizations of the Skifeeaksarily

open uphuge swathesf new parameter space, particularly ie time domain (Figure 4t is clear that

SKA discoveries beyond those we can presently guarantee are likely to have a huge impakiS#tsthe

for example,very-high-z bright radio transients may gride the best background sources for studies of
absorption lines in the BB Another example comes from tidradle of Life KSP which, because it will

largely be pursued iRhase3 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 ofl0.001y are expected from the
nearest exoplanets on timescales of seconds to minutes due to interactions between their magnetospheres
and parenstar winds. This entirely new wayf 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).
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Figure 4: (Left) The phase space for radio transients (Wilkinson et al. 2004). Note the huge regions without kr
sources regions the SKA will probe. (Right) The location of a singleJg@lispersed radio burst of less than 5 ms
duration that because of its wide dispersion is extragalactic; with a brightness temperatdi#¢, it i0a coherent
source. This is a new ckasf 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.

The ability togener at e aper torutrhee ,andriyadyidéy lseparates dirBctions, has both

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

of exoplanet searches, see above,@mdu insirg array 6 , s ¢, but dse bpens up interesting new
discowery opportunities such as tkiene bufferingof signals to allow a radio beam to be formed in some
direction at timegriortot he occurrence of soEvepl drmradtgigenm i mfg ot leer ¢
explored in the SKA science case book (Wilkingbral. 2004), but the discovery potential is perhaps best
illustrated by a recent example (Figure &)adioburst that for a few mmbecame one of the brigist

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

Despite thesuccess of GRthe fundamental question remains as to whether Einstein had the last word in
our understanding of gravity and this defines 8teong-field Test of Gravity KSP. The SKA will
discover all the active pulsars in the Milky Way beamed towards us, providingithet@ance we will

have of finding any pulsar black hole binaries in our galaxy, or a pulsar orbiting the soaessive Black

Hole in the Galactic Centre. These systems would consist of accurate clocks orbiting in-atrouitya
gravitational field, andare unigue in their capability to probe GR, specifically theH#ir Theorem and
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the Cosmic Censorship Conjecture (Kramer et al. 20BKADs pulsar simulatiorispredict ~1000 ms
pulsars forming a dense array of precision clocks on the sky. By lookisgdtially-correlated distortions

in the timing datan sucha pulsar timing array (PTA), it will be possible to detect gravitational waves
impinging on our Galaxy; indeed, thery limited PTAs available for studyith current radio facilities are
getting very close to the accuracy needed to detect the gravitational waves from the merging of distant
supermassive black holes (Figure 5).

From the SKADS Virtual Telescope (S¥jTexercise, the followindPhasel SKA results are predied.

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 factd®, with the aperture array providing an additional multiplex timing
advantage. The PTA will contain ~30 pulsars yielding a detection of a background of gravitationatwaves
more than § significance after a few years of timing. There are also likeljruitful 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 stgiial and plunge. ThBhasel SKA

could then perform aapid response search of this error box to reveal the prompt synchrotron emission
from the coalescencdgself. Thepresentday Universe is seemingly dominated by dark energy dark

matter, but mapping theormal (baryonic) content remaingal for undestanding how galaxies form, as

well ascosmology and particlastrophysics. This defines tl@@alaxy Evolution and Cosmology KSP

two major aims of which ar@tmake the first studies bfgh-z HI and to us¢he HI galaxy power spectrum

P(Kk) to probethe dark energyw (Abdalla & Rawlings 2005) anthe mass scale of neutrinos (Abdalla &
Rawlings 2007). Th&ey experiments will beeg fieldsand althemisphere surveys to measi&).

The Phasel SKA will undertake a deep survey to measure the HI massdartot 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 B measured in emission only to z~0.2. This evolution, and the ponding evolution in the

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

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

al. 2004). It will also remove the major umiznty in SKADS simulationgFigure 6) which currently are
constrained only by the integral of the HI mass functidarred from the dampelya lines of distant
quasars.

The Phasel SKA alkhemisphere survewill detect ~10 galaxies andieliver multiple measurements (e.g.
split by galaxy type, galaxy mass etc) Rfk) out to redshift z~0.35 and at least one (mildly siwite
limited) measurement d?(k) out to z~075. Forconstrainingw via measurement of Baryonicoustic
Oscillations,SKA surveys willthus be competitive with the best available optical redstuftveys (e.g.
with WFMOS) availableoy ~2015. The combination ofdtradio and optical approaches vi# criticalin
understanding the effects of galaxy bias. The dram@atrease in survey volume Fhase SKA (to z=2)
will surpass all opticaurveys untilEuclid is launched, with once more a clear sciensificergy between
SKA (sensitive to gas) arteuclid (sensitive to stars)

! The S (SKADS Simulated Skies) website is http:¢sbed.physics.ox.ac.uk/
2 The SKADS SVT exercise generated 30 "observing pr
http://webmail.jb.man.ac.uk/SKAwiki/Virtual Telescapdsername: SKA, Password: SKADS.)
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Figure 5: (Top left) The role of the SKA in the detection of gravitational waves via the SKA Pulsar Timing A
(SKA-PTA) from Kramer et al(2004).The yellow shaded area shows the predicted gravitational wave signa
from the merger of supenassive black holes. A straightforward conclusion from this plot is that the SKA se
guaranteed to detect gravitational waves whilskthasd SKA has an extrerly good chance of doing so.
Figure 6: (Top righ) A 3D view of part of the SKADS linsimulationswhich contain~10® simulated Hi

emitting galaxies over ~20 deglownloadable from the*Sveb page.

Figure 7: (Bottom) Faraday depth image of ~0.1% of ske to be probed by SKAThe sky simulation (left)
picks out clusters and groupishe middle panel shows the recoverdd Bky against backgrourgbuices brighter
than 1 mJy and the right pargflows itsmoothed
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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 byl#gmetic Universe KSP Thestrongest 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 galaxyrimation. Substantial progress in this area can be made wigthésel SKA

as a side product of the "Hidlle mi spher ed s ur v e-polarimetricldita far a dense @ree s p e
every~arcmiruteor so) grid of ~10°sources allowing, towards eaghFaraday Rotation Measure (RM) to

be calculated. As RM is proportional to the lmiesight field strength (as well as electron densitynd

path lengthl), this gives a unique way of probing the magnetic field in all these classes of object. An
exampe is shown in Figure 7: a de@hasel SKA pointing would detect ~50,000 radio sources behind
~10,000 clusters. By crossatching these data with data from the Dark Energy Survey (DES; the DES SZ
data measuringy, and ), the magnetic field in clusters as function of mass and redshift will be
determined.

The baryons in the Universe, althougbw almest completely ionizedyere once neutral and had to be re
ionized by some mixture of stars and accreting black holes. The epochooiizagion (EoR) sets a
fundamental benchmark in cosmic structure formation, corresponding to the formation of the first luminous
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objects that act to ionize the neutral ngdactic medium (IGM), and is the subject of @R KSP. The

SKA will image theneutral IGM atz>7 in HI emission or absorptiom, truly unique probe of the process of
re-ionization that is recognized internationally as fbedamentalnext step in our study of largscale
structure ad cosmic rdonization. SKA pathfinders like LOFAR have a good chance tdinimg the first
statistical detections of an EOR signal, either by pespeictrum measurements or by absorption
experiments towards the highestshift 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,
EC FP6 funding which has successfulliracted 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 Fglsecan be seen

the UK is at the top, equivalent to the coordinating country, the Netherlands. Within the UK we have actual
or defacto leadership of:

9 Science simulation studies adopted by the SKA, D$2xford

1 SKA data network and functional simulations plus the costefliod tool, DS3i Cambridge

1 The advanced technical studies anedalital aperture array demonstrator, DSMlanchester

These are the principal studies within SKADS apart from the manufacture of a large demonstrator,
EMBRACE in DS5, lead by ASTRON.

Themanagement of SKADS &hown below _ _ _
Figure 8: National share of SKADS EC Funding

/
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As can be seen ¢hUK has taken strong leadership roles in SKADS, particularly in the overall programme
management. This forms the basis of the strong UK position ifPt#SKA for the international SKA
project.

3.2 Summary of Achievements during SKADS

The principal techmial 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 andeqiently 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 o other aspects of required SKA technology, e.g. the Technology Development
Program (TDP) in the USA, which is focusing on hggrformance, lovwcost dishes (which are also the
subject of active development work in Australia, Canada and South Africg)hésed 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 substantidvances 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 thdéadw standard. The interest tfe
international community has been attracted3by the
proposals written by researchers for O6observation

The design and costing of the SKA, a major SKADS deliverable, is acknowledged intelhatmiba 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 structuredvritten 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 importasystain level for the SKA. Major
ones include:

1 Conceiving of and building a novel receiving element technology that holds great promise for
improved performance and lower implementation cost than current designs;

1 Showing that the digital processing for andidiital aperture array is feasible in the Skifeframe
and desirable scientifically;

T Demonstrating the feasibility of Ophase transf el
time standard to be distributed throughout the SKA system;

1 Showing that there are potential solutions, requifurther development, for the ambient temperature
low noise amplifier in multiple semiconductor technologies: silicon, gallium arsenide and indium
phosphide.

9 Creating a practical system design concept for an SKA scale, 1GHz aperture array of ~60nt diamete
and building a demonstratosPAD, which illustrates the important technologies required.

During this work the UK participants have been actively involvimdustry with a view to ensurinigll
juste retourfor the UK. The major components of the UK 8RS programmere

Science Contribution

1 The UK, through Oxford, has the lead in delivering the science simulations for SKADS. This provides
the basis of justification for the overall SKA specificatidihe successfUBKADS science simulation
programme DSA'1 will not be pursued further within URrepSKA 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 ConsortiufESKAC) have decided to soti t a EQC #P75MsrieCurie Initial
Training Network by 2 Sep 2008. This Path2SKA  proposal {http://www-
astro.physics.ox.ac.uk/~sr/Path2SKA.himwill support a cadre of 30 or so PhD students and young
postdocs across Europe, and will be coordinated by Steve Rawlings at Oxford.

1 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 configurationhefSKA.

SKA System and Cost Modelling
1 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.

1 Cambridge, working with groups in Austrabiad 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 distrbution

f The SKA will move >1& bits/s of data: this is a major cost and development requirement.
Manchester, building on its work orMERLIN and ALMA, has been studying the data transfer
issues. This involves detailed projections with manufacturers @idmplementations 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 p3?($6cs), across the whole array.
Mandhester, building on the work withirMERLIN, has shown that the requirements for the SKA are
achievable. This work will be further developed in PrepSKA.

Technologies for an aldigital aperture array

1 The UK has taken the ambitious position of concengatin an aHdigital 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-fmeammg. A major contribution to
SKADS by the UKis that we can now project that an SKA capablaliital 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 sybtems being devgbed in SKADS for the
all-digital aperture array are shown in Figure 9.

Antenna elements and array design

1 The design and optimisation of the array and the elements themselves are subject to considerable
design work in multiple institutions. Manchester isring on a number of designs and has made
excellent progress on a particularly innovati ve
great promise for both the best overall performance and with lowest cost.
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Figure9:S gnal chain for ap

Low noise anplifier, LNA

1 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 sensitivityy Manchester, we have been concentrating on a
customised InP design, for which simulations predict encouraging results particularly for its ability to
match over a wideange of frequencies to the antenna element. If the tested performance meets
expectéons then it will be a significant contender as the most suitable LNA for the aperture array.

Analogue to Digital Converter, ADC

1 Acritical partoftheald i gi t al aperture array is the ADC. Th
power. Manchester undertook an InP based development to provide a suitable device. In the last few
years silicon technology has made substantial pregsash 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

f The data processing load (FiOoperations per 256 element tile) was regdrdes extremely
challenging in 2005. It is currently still very expensive, however, within SKADS we have shown that
with the anticipated masgrarket devices of 2012, using 45nm design rules, the digital processing can
be built for reasonable cost and pow&he system can certainly be built using specific custom
devices, ASICs, and it will probably be feasible using specialist fully programmable cRp®,2as
been designed with a combination of programmable hardware, FPGAs, and a fully programmable
beambrmer processor and will be used as a demonstrator.

Mechanical and Physical design

1 Notable work within SKADS is the development of a {owst, shielded processing bunker essential to
eliminate problems of seihduced RFI.
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