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Abstract The Square Kilometre Array (SKA) is the future radio astnoyanstrument which will
deliver an order of magnitude improvement in sensitivitynpared to current radio astronomy fa-
cilities. By taking maximum advantage of the latest digitahnology, the SKA is particularly well
suited to extremely large surveys, including a number o&erpents targeted at understanding Dark
Energy. The SKA project is described, with emphasis on thejean contributions.

Introduction

The Square Kilometre Array (SKA) will be an enormous radim@somy facil-
ity with first-light of the completed array expected by 2030d initial operations
beginning in 2015. The SKA will be a massive array of many iréag elements,
and it will thus have both exquisite sensitivity and anguésolution, as well as an
ultra wide field of view. The fully sampled field-of-view, di& order of 200 square
degrees, makes the SKAtectively a 10-gigapixel ultra wide field spectroscopic
radio camera.

Survey science will especially benefit from this instrumentnderstanding
Large Scale Structure, and Dark Energy in particular, isyaskéence driver of the
SKA. This is one of a number of Key Science projects whichudel the nature
and origin of Cosmic Magnetism; the detection and evolutibthe first luminous
objects during the Epoch of Reionisation; testing Ein&edhreory of General Rel-
ativity in the extreme field limit; and tracing the processdsch lead to life on
Earth including planet formation, extra-solar planetgamic molecules, and per-
haps indications of extra terrestrial intelligence (se&llC& Rawlings (2004) for
more details).

The SKAis a global collaboration, currently including 1iotries worldwide.
There are two shortlisted sites for the instrument, bothagia quiet zones with
very low population. These are the Karoo desert in SouthcAfrand the Mileura
desert region in Western Australia. The final decision fershe will be made in
2010, with construction beginning soon thereafter.

Dark Energy Experiments
The spectroscopic capabilities in an ultra wide field of viglow the SKA
to make a billion galaxy redshift survey out te2 An initial, all-sky survey ca
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be completed within a year, and will be used to detect Baryéweoustic Oscilla-
tions (BAO) in the galaxy distribution, leading directly #omeasure of the Dark
Energy equation of state parameter. The SKA has the greantale of simul-
taneously mapping the galaxy sky positions and redshifgjedgcting thei21 cm
electron spin-flip transition of neutral hydrogen. The dmmeous mapping and
spectroscopy eliminates the systematic errors which timeitoptical surveys using
photometric redshift estimates in follow-up observatioAgeview of current and
planned BAO experiments, as well as the relevance to Darkggrieas been done
in this volume by Abdalla (Abdalla (2007), and see also Blakal. (2004)).

A continuum survey complements the BAO spectroscopic suared will pro-
vide a large database for a statistical weak-lensing suwily the goal of mea-
suring Cosmic Shear (Zhang & Pen (2005), Zhang & Pen (20@B8)&r 10 billion
galaxies are expected to be catalogued Blake et al. (2G#))arge, clean, sample
can be extracted. Galaxies with intrinsically stretchedphologies, for example
due to starbursting, can be removed from the sample, whileettining a very
large sample, distributed throughout the sky. By furtheiding the sample into
redshift bins, the evolution of Cosmic Shear can be detaxchas a function of
redshift (Blake et al. (2004)). Statistics on gravitationacrolensing traces the
intervening mass distribution, and the combination witlshéft evolution adds the
ability to measure the angular diameter distance contabub the lens equation,
effectively probing Dark Energy.

A programme of proper motion studies of galaxies will prevaprecise mea-
surement of the local Hubble constdig. With its high sensitivity, and angular
resolution using baselines of up to 3000 km, the SKA will ni@nproper motion
of extragalactic maser sources over a period of years, agntusdly decades. A
large sample of sources over a moderate timescale of sexeaed will already
provide~ 1% precision orHg. Such precision provides a robust constraint on the
estimation of the equation of state of Dark Energy (Blakd.g2804)).

If it turns out that the accelerated expansion of the uneséssdue, at least
partly, to a negative vacuum energy, and not entirely a pugebmetrical factor
in General Relativity ie. the Cosmological Constant withr = 1), then one can
consider measuring the sound speed of Dark Energy (Tomesifiez & Cress
(2007)). Such an experiment is possible with the SKA, andwaasure dierences
from aw = 1 model to the 10% level.

The Square Kilometre Array Design Studies

The Square Kilometre Array Design Studies (SKADS) is a EaempCommu-
nity project funded by the EC Framework Programme 6. It wappsed in 2004,
and formally began on 1 July, 2005 with a total duration of drge SKADS brings
together the science and technology development in thaeggartstitutes with the
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Figure 1: An artist's conception of a SKA station. The Apestflane Phased-
Array occupies a large area, with many small receiving etemeiewing the sky
directly. This technology provides a very large field of viand digital technology
permits are large number of synthesised beams to fully sathpl field of view

with high spatial resolution. (image by Xilostudios)

overall aim of producing a designed and costed SKA which i nvatched to the
requirements of the SKA scientific goals. SKADS is fundechatlevel of 38Me
with nearly 11MeE provided by FP6, and the rest by the partner national funding
agencies.
Much of the scientific interest in the SKA within Europe isateld to science
using very large surveys. On the technological side, thpsbdity is best provided
by the concept of the Aperture Plane Phased Array (Faulkredr €007)). Thus,
SKADS focuses on the development of the Aperture Plane Ehasay which
exploits fast digital technology to make a flexible, ultrade field, multitasking
telescope that can do manyferent astronomical observations all at the same time.
SKADS aims to prove the technical feasibility of the apestarray concept
by building and testing prototypes. Three demonstratagsuader construction:
BEST, EMBRACE, and 2PAD.

The Basic Element for SKA Training (BEST) focuses on testingiponents
and algorithms. The validity of some concepts that are ahtwet of the SKA



4 S.A. Torchinsky et al. “Probing Dark Energy with SKA”

philosophy are being verified using a part of the large Nortl&ross Radiotele-
scope in Medicina, Italy. The technique of multi-beamingsinibe proven, and
this involves electronically creating multiple pixels inet field-of-view of a sin-
gle parabolic receiver. Adaptive beam forming will also bedged which involves
combining signals from separate receivers with the propase delay in order to
create a given pointing direction. Finally, BEST is devéhgpand testing algo-
rithms for mitigating and possibly eliminating man-maddicafrequency interfer-
ence.

The Electronic Multi-Beam Radio Astronomy Concept (EMBRACs the
demonstrator of the aperture-plane phased-array condeghve the main focus of
SKADS technology development. The EMBRACE project is ledPlaybhu Patel at
ASTRON, and will have demonstrators built at WesterborkhmMetherlands, and
at Nancay in France. EMBRACE will be a single-polarisatielescope covering a
frequency range from 500-1500 MHz, with-d5° scan angle. There will be a total
collecting area of 300 fat the Westerbork site, and a further 108 at Nancay.
The individual receiving structures in each £ tile are Vivaldi antennas. Each
tile has 64 elements placed in parallel rows, and a dualigat#on tile is being
developed which uses a novel method for mechanically mtkihg the individual
antenna elements.

The combination of signals from the 64 antenna elementsrig doan inte-
grated analog circuit called a beamformer chip. This is wlibe phase shift is
applied in order to vary the scan range.fiBient implementations of the beam-
former chip are under development at ASTRON and at Nancay.

The entire EMBRACE development maintains a focus on costyelkas on
performance. EMBRACE components are designed with emploasieproduca-
bility, and the ease of mass production. The SKA will be atrimeent composed
of tens of thousands of antennas and tiles, each with larggers of the same
components. Mass production is essential for makingfamdable SKA.

The ultimate capability of an aperture-plane phased-agagalised with the
development called 2PAD: the Dual Polarisation All Digitaderture array tile.
This concept exploits digital technology to the fullestemtt The signal from the
sky is digitised right after reception at the Vivaldi antarglement, and from then
on, only digital electronics are used. This concept promiggpredecented flex-
ibility and performance for a telescope, limited only by gwmputer power and
speed of data transfer. It remains to be demonstrated thegylstem noise level,
power consumption, and feasible data transfer rates cdealhieved at an af-
fordable cost, but the fully digital solution provides theximum possibility for
simultaneous observing, post-analysis of transient 8g@ad virtually instanta-
neous telescope repointing. The SKA based on 2PAD techyelogld truly be a
software telescope, limited only by computer processingguo
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The Science Simulations are at the heart of tierein SKADS. Within this
context, the science drivers of the SKA are modelled in Hata they ultimately
provide the technical specifications for the instrument.e Thre activity is the
pure sky simulation which feeds into the telescope and mitsinulators. These
tasks, in turn, take input from the technical developmenvel as the measured
behaviour from prototype components. The result is a irbbservation which
is analysed to see if the science goals can be met. Requesipdoific areas
of improvement are passed-on to the technical developnagak,this process is
iterated. In particular, the SKADS Design & Costing (Alegan et al. (2007))
effort is the focus of the science and technical interactions.
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