1. Scientific justification of the infrastructure - Outline of the scientific field.
1.1 Introduction. The Square Kilometre Array (link at SKA 1) telescope is the next huge step for
global radio astronomy; enabling a wide variety of new transformational science (link Bourke et al.
2015). Amongst its goals the SKA will image the structure formation era of the Universe, test
fundamental physics using pulsars, and study the evolution of forming solar systems. The SKA has
been listed as a key project within the EU’s ESFRI process since its first report in 2008 and is
currently listed as an ESFRI Landmark project in its Interim/Transition phase. Sweden has since
2012 been a member of the SKA Organisation which is charged with designing the SKA. The recently
published Swedish Guide to Infrastructures recommends SKA as an infrastructure of interest and its
Science Areas description notes that; ‘Sweden has long held a strong position within radio astronomy
research, which would be further reinforced through Swedish participation in SKA’. The SKA is
designed for a 50-year lifetime, i.e. stretching into the 2070’s; huge improvements in its performance
can be expected over its lifetime; driven by projected advances in electronics and computing. The
SKA is expected to be one of the 21st century’s great astronomy, computational and engineering
endeavours.
This proposal requests funding for Swedish participation in the construction and operation of Phase 1
of SKA (i.e. SKA1). SKA1 will operate at metre and centimetre wavelengths; working at frequencies
from 50 MHz to at least 15 GHz and likely extending to 50 GHz. SKA1 will be built on two sites, one
in Australia observing low frequencies (SKA1-low) using arrays of dipoles (see Fig. 1-left) and one in
South Africa (SKA1-mid) observing higher frequencies using parabolic dishes (see Fig. 1-right).
These two arrays will respectively have collecting areas of 419,000 m2 (i.e. 0.42 km2) distributed over
512 stations, and 32,600 m2 distributed over 197 dishes. The maximum separations between
antennas within the two instruments will be 65 km and 150 km respectively. Both arrays will
incorporate existing precursor telescope infrastructure at the two sites, i.e. from the MWA in Australia
and MeerKAT in South Africa. The 64 dish MeerKAT will provide just under one third of SKA1-mid
dishes and is already making radio images of unprecedented quality (see Fig. 2). The detailed
baseline design of SKA1 is given in Dewdney et al. (2016) and its anticipated performance in Braun
et al. (2017). SKA1-low will have a sensitivity and sky survey speed respectively 8 and 135 times
better than LOFAR; the most sensitive current instrument at metre wavelengths. For SKA1-mid the
corresponding SKA performance ratios to the Jansky Very Large Array (JVLA) are factors of 5 in
sensitivity and 60 in survey speed.
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Fig. 1. Left: Simulated image of SKA1-low in Australia showing in the foreground one its 512 dipole
stations, with other stations in the background (and dishes of the ASKAP SKA precursor array).
Right: Simulated image showing a small fraction of the 197 dishes that will comprise SKA1-mid in
South Africa.
SKA1 construction and operations will be executed by a new intergovernmental organization, the
SKA Observatory (SKA-Obs), with its Headquarters at Jodrell Bank near Manchester in the UK. The
SKA-Obs organization will take over from the present SKA Organisation company during 2020. SKA1
construction activities are scheduled to begin in Q1 2021.The timeline for executing SKA science is
described in Braun et al. (2017) with science commissioning starting in 2022 -2023 and Science
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Verification and Shared Risk observations during 2024-2026. SKA1 construction is scheduled to be
completed by 2027 with the telescope fully operational in all is design modes by 2029.
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Fig. 2. Image of the Galactic Centre produced by the 64 dish SKA precursor telescope MeerKAT as
first presented at the MeerKAT inauguration in July 2018 (see Press Release).
SKA1 will not be the end point in radio astronomy development; instead it is expected to be the
nucleus of an array that will continuously grow in capability throughout the 21st century. Upgrades to
SKA electronics and computing, and also to its collecting area, will allow radio astronomy to maintain
the steady increase in radio telescope performance that has held since the 1950’s; which has
resulted in four Nobel prizes in Physics to date. Once SKA1 construction has started, the next stage
of the project will be planned, the SKA2 array, which will have 10 times the collecting area of SKA1 at
centimetre wavelengths. SKA2 is planned be operational in the late 2030’s at the earliest.2
The frequencies covered by SKA access unique astrophysical information. The radio regime covers
many important spectral lines, including that of the most abundant and basic element in the Universe;
atomic hydrogen. Radio continuum emission, uniquely sensitive to magnetic fields, traces both starformation and black hole accretion and is very hard to attenuate by foreground obscuration.
Technically, long radio wavelengths allow a large field of view (FOV, 1 – 10 degree diameter); ideal
for surveying huge volumes of the Universe quickly and for detecting transient sources.
Interferometry is easily achieved at radio frequencies, allowing for very high spatial resolution
simultaneous with very fine spectral resolution. The large numbers of stations/dishes in SKA1
combined with the Multi-Frequency Synthesis technique (Conway, Cornwell and Wilkinson 1990)
allow SKA1 to achieve complete aperture (Fourier domain) coverage giving extremely high image
fidelity. SKA1’s large FOV combined with high angular and spectral resolution means it will produce
the most complex images in astronomy. It also results in a huge SKA1 data output rate of 1.5
Exabyte/year of permanently archived data - while processing, without permanently storing, much
larger amounts of data. It follows that SKA1 as well as being an astronomy project is also a huge ICT
project which will help drive the development of ‘Big Data’ technologies.
1.2. Infrastructure science goals. SKA1 will conduct imaging in both continuum and spectral line
emission, in particular the 21 cm wavelength line of atomic hydrogen, allowing it to map the threedimensional structure of the Universe from the era of the first galaxies to the present day. Up to
a million galaxies will be detectable in atomic hydrogen and 100 million galaxies in radio continuum
emission. The SKA1’s survey capability will have a huge impact on cosmology and our
understanding of the formation of galaxies and their evolution. SKA1 will also allow the observation
of about half of all galactic pulsars, enabling sensitive tests of fundamental physical theories of
gravity and nuclear matter, and the detection of the nano-Hertz gravitational wave background. SKA1
will study the evolution of magnetism through cosmic history, the formation of solar systems such as
our own and detect and study both known and new types of transient source. The full SKA1 science
case is given in Bourke et al 2015 based on the proceedings of the conference ‘Advancing
A country’s involvement in SKA1 construction and operations does not commit it to also be involved
in SKA2
2
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Astrophysics with the SKA’ held in 2014. This science case shows that SKA1 will have a major
impact on all areas of astrophysics that can benefit from radio observations. The following sections
outline however the science areas in which SKA will have the highest impact and which are of most
interest to Swedish scientists (with individual Swedish scientist names given in italics).
1.2.1 Epoch of Reionization and Cosmic Dawn. Approximately 13 billion years ago, the first
generations of stars and galaxies formed in what was then a cold and neutral Universe. The ionizing
ultraviolet light from these stars partly escaped from the galaxies (see Fig. 3) and entered the
intergalactic medium (IGM). This radiation both heated and ionized this medium causing the last
global phase transition in the Universe known as the Epoch of Reionization (EoR). SKA1 will
transform our understanding of the EoR by imaging the distribution of atomic hydrogen (`HI') versus
redshift using the red-shifted 21 cm signal of HI. SKA1 will show how HI gradually disappeared as the
IGM ionized, showing which regions of the Universe re-ionized when and the production rate of
ionizing photons in those regions. These observations, beyond revealing the first generations of
galaxies, will also provide invaluable cosmological information since this is the last point in which
most of the normal (`baryonic’) matter distribution in our Universe was directly observable.
Fig. 3. Epoch of
Reionization observations
with the SKA. Top figure
illustrates how the first
stars and galaxies form as
a function of redshift
(yellow dots) producing
regions of warm atomic
hydrogen (red) and
eventually ionized regions
(black). The bottom panels
taken from Mellema et al.
(2013) show a simulation
of the radio emission from
atomic hydrogen at two
different redshifts, one
during early and one
during late reionization.

In addition to mapping the EoR, the SKA will also be able to characterise the even earlier Cosmic
Dawn epoch – the era in which the first generations of stars changed the quantum state of the still
cold and neutral medium and in which the first sources of x-rays, including the progenitors of
supermassive black holes, raised the gas temperature to several hundreds of Kelvin. Intriguingly, the
EDGES experiment recently announced the first detection of a 21 cm signal from the Cosmic Dawn
(Bowman et al. 2018) – finding a signal much stronger than can be understood from standard models
implying, if it is confirmed, that completely new physical processes were active during these early
times (Barkana 2018). SKA will be the only telescope that can measure the spatial properties of such
Cosmic Dawn signals. In addition to HI observations, SKA will also provide an un-obscured view of
the gas content inside of early galaxies and active galactic nuclei via observations of highly redshifted emission from molecular transitions (e.g., from CO). Sweden is heavily involved in EoR
studies via Mellema and collaborators working as a key member of the (SKA precursor instrument)
LOFAR’s EoR project. Mellema is also joint head of the SKA EoR Science Working Group which is
planning the SKA1 Cosmic Dawn/EoR observations (see Mellema et al. 2013). In addition a number
of astronomers at Stockholm, Uppsala and Chalmers (Östlin, Hayes, Mortlock, Zackrisson, Tan) work
on the nature of the first ionizing stars, galaxies and quasars and how these ionizing photons escape
from galaxies.
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1.2.2 Cosmology. Bacon et al. (2018) have recently reviewed the wide range of cosmology
observations possible with SKA1. SKA1 will trace the cosmological 3D distribution of galaxies in HI to
detect the effects of baryonic acoustic oscillations (BAOs), remnants of early density fluctuations in
the Universe that act as a ‘cosmic ruler’ by imposing a fixed linear length scale on the distribution of
galaxies. SKA1 will average over a sufficiently large sample of galaxies to measure the angular size
of BAO signals and constrain the scale size of the Universe versus redshift, and so in turn constrain
the equation of state of dark energy. Other SKA1 constraints on cosmology come from weak lensing
effects (distortion of the shapes of background sources from foreground mass concentrations) and
the integrated Sachs-Wolf effect (ISW), which causes correlations in Cosmic Microwave Background
brightness related to the foreground mass as measured by radio sources. By combining radio
observations of weak lensing and ISW with Type Ia supernova measurements, exotic forms of dark
energy with redshift variable equation of state (pressure/density = w(z)) can be distinguished from
cosmological constant models. Another potential way to probe Cosmological parameters is to
observe Fast Radio Bursts (see Sect. 1.2.8). There is a long tradition in Stockholm of using Type Ia
supernovae to constrain cosmology (Goobar, Mörtsell, Sollerman) and the more recent development
in both Stockholm and Uppsala of studying the large-scale distribution of galaxies (Peiris and Jasche
in Stockholm; Sahlén in Uppsala), which will both benefit from the Swedish involvement in the Euclid
satellite and the Large Synoptic Survey Telescope (LSST), both having significant synergies with
SKA.
1.2.3 Galaxy Evolution. A key question in astrophysics concerns the assembly of galaxies and their
evolution over cosmic time. SKA redshifted 21 cm observations of atomic hydrogen (HI) and radio
continuum from galaxies provides important ways to study this evolution. HI observations allow direct
estimates of the total mass of atomic hydrogen in galaxies (which can be compared to ALMA
measurements of molecular mass) while resolved HI images give both the diameters/structures of
atomic HI disks and, from their rotation, the enclosed total dynamical mass. Radio continuum
observations of the same objects measure star-forming disk size and total star formation rate.
Complementary near-infrared surveys give the total stellar mass in galaxies. Collecting such
information for large galaxy samples over a range of redshifts will strongly constrain galaxy evolution.
Other SKA galaxy gas tracers include molecular gas transitions and atomic recombination lines.
Galaxy evolution through cosmic time is a major theme of astronomers in Gothenburg (Aalto,
Knudsen, König and others) in Stockholm (Hayes, Östlin and others) and in Uppsala (Zackrisson).
SKA extragalactic continuum observations will also detect AGNs and the evolution of accretion of
matter onto black holes versus cosmic time. Continuum observations carried out by SKA1 should
detect over 108 extragalactic objects, the brighter objects generally being Active Galactic Nuclei
(AGN) and weaker sources mostly star-forming galaxies. Several Swedish astronomers (Conway,
Horellou, König) are members of the Survey Key Science project of the SKA precursor telescope
LOFAR. A series of 25 papers (7 with Swedish authors) based on the first Data Release of the
LOFAR Survey were recently (February 2019) published in a special edition of the journal Astronomy
and Astrophysics (LOFAR-splash) revealing the duty-cycles of AGN and the first detection of an
atomic recombination line at cosmological distances.
1.2.4 Strong-field Tests of Gravity using Pulsars. Radio emitting rotating neutron stars (pulsars)
possess extreme conditions of density and magnetic field making them important physical
laboratories. Pulsars are also uniquely suitable for high accuracy kinematical studies via pulse timing
or astrometry. The role of pulsars in testing fundamental science has been demonstrated by the
award of two separate Nobel Prizes in Physics. In the SKA era pulsars will continue to probe
fundamental physics in numerous ways (see Kramer and Stappers 2015). SKA1 will enormously
expand the known population of both normal and millisecond pulsars (detecting 18,000, about half of
all pulsars in the Milky Way). By measuring the time of arrival of pulses from pulsars in binaries the
SKA can very accurately constrain their orbits. This in turn allows sensitive tests of General Relativity
in the strong field limit, both for pulsar- stellar mass black hole binaries and for pulsars orbiting the
central supermassive black hole in the centre of our galaxy. Topics probed in gravitational physics via
these observations include; ‘the no-hair theorem’, frame dragging and the cosmic censorship
conjecture. These observations will also provide accurate determination of the spin and mass of
black holes. Accurate timing of binary pulsar orbits will constrain the stiffness of pulsar material and
hence the equation of state of matter at nuclear densities, testing high-energy physics models.
Precision timing of single pulsars will allow the construction of the so called ‘Pulsar Timing
Array’ (PTA), in effect a vast galactic-sized machine with the SKA at its centre with long lever arms for
the detection of nano-Hz gravitational waves (see Fig. 4). The SKA enabled PTA can detect or set
limits on the stochastic gravitational wave background generated by supermassive black hole
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mergers or gravitational waves from exotic phenomena such as cosmic strings. PTA observations
can also set limits on theories of gravity including the properties of the graviton. Observationally in
Sweden, Vlemmings and Kirsten lead a pulsar astrometry project on the eMERLIN SKA precursor
instrument to determine parallax distances of a sample of pulsars as a pre-requisite for using such
pulsars as physical probes. More generally in Sweden (at NORDITA and Stockholm) there is
scientific interest in tests of tests of gravity enabled by SKA pulsar observations.
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Fig. 4. Left: Principle of SKA detection of gravitational waves using via timing of samples of pulsars
(Pulsar Timing Array, PTA). The passage of very long-wavelength gravitational waves through our
region of the galaxy affects space-time and causes slight variations in the time of arrival of the
lighthouse-like radio beams from rotating pulsars. Right: the expected Gravitational wave spectrum
(see Janssen et al. 2015) and detection limits of different instruments including the SKA PTA.
1.2.5 Cosmic Magnetism. Magnetic fields play a vital role throughout astrophysics, i.e. for particle
acceleration, cosmic ray propagation and galaxy star formation. A full understanding of how magnetic
fields have evolved and their current strengths and topologies in astrophysical objects remains a key
missing piece in our understanding of the Universe. To address these questions SKA1 plans to
conduct a full sky high-spectral resolution polarization survey to detect of order 10 million distant
polarized extragalactic sources. These background sources will form a dense grid that probes
foreground galaxies, clusters and individual AGN, with hundreds of sight lines through individual
nearby galaxies and clusters. Toward each source the magneto-ionic plasma properties along the
line of sight can be found using Rotation Measure (RM) Synthesis which determines polarisation
strength versus Rotation Measure Depth (an observational quantity proportional to the integral of line
of sight magnetic field times electron density along the LOS). This RM grid should detect the ionized
‘cosmic web’ of Intergalactic medium filaments, predicted by structure formation simulations to feed
galaxies with gas. As well as using background sources the magnetism survey will also detect the
internal polarised synchrotron emission from within nearby galaxies and clusters themselves.
Polarisation as a function of RM within each source will also provide an additional higher spatial
resolution 3D image of those objects’ magnetic properties. Finally, the planned SKA1 polarisation
survey will give an unprecedented view of our own Galaxy’s magnetic field properties. Comparing the
magnetic properties of low and high redshift (lensed) galaxies and clusters will tell us if magnetic
fields gradually built-up with time via galactic dynamos or were set early on in the Universe. In
Sweden there is strong theoretical interest in understanding the operations of cosmic dynamos in
general with an important application being dynamos in galaxies(Brandenburg 2015). On the
observational side a Swedish astronomer Horellou is the joint leader of the SKA precursor LOFAR
instruments Magnetism Key Science Project. Recently Neld, Horellou et al. (2018) demonstrated a
robust method for detecting polarised sources in the field of the nearby galaxy M51, a technique
which is now being deployed to analyse the LOFAR survey data in general as a prelude for its future
application to SKA1.
1.2.6 The Cradle of Life. The existence of life elsewhere in the Universe has been a topic of
speculation for millennia. In the latter part of the 20th Century, these speculations began to be
informed by observational data, including via the detection of molecules in interstellar space and the
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discovery of both protoplanetary disks and planets orbiting nearby stars. SKA1 will within nearby
(<100pc) protoplanetary disks be able to observe the cm-wavelength thermal radiation from cm-sized
particles inside the ‘snow line’, so probing a key stage in the planetary formation process (see Hoare
at al. 2015, Testi et al. 2015). In Sweden there is interest in comparing such observations with
theoretical models of particle growth formation in protoplanetary disks at Lund (Johansen) and at
Chalmers (Tan and colleagues). On much larger scales in molecular clouds, SKA1 will search for
complex pre-biotic molecules (Cordella et al. 2015); with significant interest in this subject at
Chalmers (Bergman, Wirström, Calcutt). Finally, detection of transmissions from another civilisation
(Siemion et al. 2015) would provide immediate and direct evidence of life elsewhere in the Universe
(there is SETI interest in Sweden via Zackrisson, Villarroel and others). SKA1 will provide sufficient
sensitivity to enable, for the first time, searches for unintentional emissions or ‘leakage’ from
civilisations using radio transmitters similar in strength to our airport radars, around the nearest ten
thousand stars.
1.2.7 Our Galaxy. Galactic plane surveys with SKA1 will provide a unique atlas of galactic radio
continuum and spectral line emission (Umana et al. 2015, Umana et al. 2018). Until now, such
surveys have been limited in area, sensitivity and/or resolution. SKA1 continuum surveys will provide
significantly expanded catalogues of HII regions, supernova remnants (SNRs), planetary nebulae
(PNe) and will detect radio stars down to the microJy level. Spectral line surveys will detect atomic
recombination lines, maser and other molecular lines in the interstellar medium (Thompson et al.
2015). Recombination line surveys with SKA1 will uniquely be able to probe ISM metallicity, electron
densities, radiation field and ionised gas kinematics, while pointed recombination line observations
can observe stellar atmospheres. Most of the SKA1 galactic science cases have strong Swedish
interest. For example, in synergy with the work done with ALMA at Chalmers (Vlemmings, Olofsson),
SKA1 will provide measurements of the extended atmospheres of all evolved stars out to 1 kpc
(resolving those within 0.5 kpc), allowing measurements of densities and temperatures within the
mass loss regions responsible for interstellar enrichment. OH maser surveys will trace stellar wind
velocities of giant stars in the local group, and in combination with ALMA data (Ramstedt) directly
confront models developed at Uppsala University for such enrichment processes. SKA1 continuum
and maser observations will also reveal the role of jets in late stellar evolution, especially through the
identification of synchrotron emission components and polarization measurements for an entire class
of pre-PNe (Tafoya, Vlemmings). The radio evolution of HII regions in massive star forming regions
(Adamo, Tan) and SNRs (Stockholm) will also be directly addressed by galactic continuum surveys.
1.2.8 Transients. Transient studies form a rapidly growing area within observational astronomy.
Transients at radio frequencies (Fender et al. 2015) occur on a wide range of timescales from
milliseconds (Fast Radio Bursts) to years (Radio Supernovae). SKA1’s sensitivity will allow it both
follow-up externally triggered transients detected via other wavelengths/messengers, and by making
use of its large FOV, discover many new radio triggered transients. Externally triggered transients of
interest for SKA1 follow-up include Gamma Ray Burst (GRBs) and Tidal Disruption Events (TDEs,
Berger et al. 2012). Another recent example is the Neutron-Neutron (NS-NS) star merger source
GW170817. For this object, first detected via its gravitational wave (GW) signal, subsequent VLA
monitoring (Mooley et al. 2018) and VLBI imaging (Ghirlanda et al. 2019) has given invaluable
information. SKA1 is expected to be able to precisely locate large populations of such GW triggered
NS-NS mergers and to image their jets by participating in VLBI. The second class of radio triggered
transients include Fast Radio Bursts (FRBs). FRBs are 10 ms long bursts of unknown origin with
extremely high luminosity coming from cosmological distances (see Fig. 5, showing FRB properties
and milli-arcsecond accuracy location). The FRB field is advancing very rapidly with the second
repeating FRB having only very recently been detected. Depending on their still uncertain source
counts, SKA1 could detect tens of such FRBs per day. Whatever their origin, FRBs can act as
important cosmological probes. By studying the Dispersion Measure versus redshift or DM(z) relation
of the FRB population the evolution in density of the fully ionized Intergalactic medium (IGM) versus
redshift can be found. This in turn is determined by large number of cosmological parameters, each
with its own redshift fingerprint (see Keane 2018). Assuming a large FRB population can be detected
and the redshifts of their host galaxies determined FRBs promise a new route to study cosmological
models. Within Sweden there is observational interest in fast transients at Chalmers (Yang, Kirsten)
and from Lund theoretical interest via Davies and Church. There is also strong observational interest
in transients via the involvement of Stockholm University as a partner in the US based Zwicky
Transient Facility and in the LSST (involving Peiris, Hayes, Jasche, Goobar and others). Within the
area of slow transients, there is also a strong Swedish interest in radio supernovae studies at
Stockholm and Chalmers (Lundqvist, Fransson and Conway).
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Fig. 5. Milliarcsecond location of the repeating Fast Radio Burst (FRB121102) see Marcote et al 2017
using a small VLBI array including the Onsala 25 m (85 ft) telescope. Left-top Delayed pulse arrival
time at lower frequencies due to a high plasma dispersion along the line of sight. Left-Bottom Pulse
profile on VLBI baselines (note Ar-Arecibo, Ef-Efelsberg, Mc-Medicina, O8 - Onsala). Right VLBI
image, white contours show the persistent radio source structure while crosses show burst positions.
1.3 Infrastructure access and users. A draft SKA data access policy has been extensively
discussed as part of the intergovernmental negotiations leading to establishment of the international
convention establishing the SKA Inter Governmental Organisation (IGO). These policy discussions
have determined that virtually all access to SKA data will only be possible for scientists from SKA
member countries. Only a small amount of open time will be available to non-members (with this
fraction to be determined by the SKA-IGO Council but often discussed as <5%). Scientists in SKA
member countries will be able to apply for both large amounts of time as part of large teams
executing Key Science Projects (KSPs) and also for smaller (PI driven) projects. The balance of time
between KSPs/PI projects will be set by the SKA-Obs council, but has often been discussed in SKA
documents as being 70 %/30 %. All proposals will be evaluated by a single international Time
Allocation Committee (TAC) appointed by the SKA Director; having a broad geographical
representation roughly proportional to the shares of the project from each member country, and also
having a broad scientific expertise. The TAC will allocate time based on scientific excellence of the
proposals submitted. As is normal in astronomy, there will be no user fees in addition to the national
SKA membership fees. It is expected that the use of SKA from each country will track that country’s
share in the project, since that share is in turn expected to be proportional to the size of each
country’s SKA user community. The use of SKA by scientists from each member country will be
tracked and in cases of an imbalance in scientific return the SKA Director-General will propose
measures to rectify this (by for instance recruiting new members from the under-represented
countries into KSP teams).
A draft Science and Operations planning document further describing the timelines and principles for
applying for PI and KSP science can be found in Braun et al. 2017. It is expected that KSPs teams
will not be formed till 2024, in the meantime the prospective users of SKA are organized into socalled Science Working Groups (SWGs)/Focus Groups each covering a scientific area (in some
cases there will likely be a single KSP observed in each SWG area, in other cases several). Within
Sweden there is a large and rapidly growing scientific interest in SKA. In total 53 Swedish scientists
(see Project Description Appendix) have indicated that they support this SKA proposal. Of these, 24
are from Chalmers University of Technology, 15 from Stockholm University, 5 from Uppsala
University, 4 from Lund University, 3 from NORDITA and 2 from KTH. In terms of leadership of SKA
science areas a Swedish scientist (and co-author of this proposal, Garrelt Mellema, Stockholm U) is
one of the two leaders of the Epoch of Reionization and Cosmic Dawn SKA Science Working Group
(SWG). Additionally within the EoR SWG Zackrisson (Uppsala U) leads the Synergies with other
Telescopes focus group. A second SKA SWG, Non-HI Extragalactic Spectral Line, also has a
Swedish co-leader (Sebastien Muller from Chalmers). There is also a wide interest within Sweden in
extragalactic radio continuum survey observations with John Conway being a member of the LOFAR
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Survey Key Science Project core group. Within pulsar science a key science project on one of the
SKA precursor instruments (eMERLIN) is led by researchers from Chalmers (Vlemmings and
Kirsten). SKA Magnetism studies are also of great interest to Swedish scientists (Stockholm and
Chalmers) and a Swedish scientist (Horellou) is joint leader of the SKA precursor instrument LOFAR
Magnetism Key Science Project. Further details on the expected Swedish use of SKA are given in
the subsections of Sect 1.2 above and in Section 2.3 of the attached ‘Project Description’ appendix.
2. Significance for societal benefit and innovation. The design, construction, operation and future
upgrades of the SKA telescope will create large benefits for society and be a driver for innovation in
strategically important areas to Sweden. The science case for SKA translates into challenging
technical requirements – on performance, operations and cost - that will push the state-of-the-art in
technology for components, systems, data management and data analysis methods. To meet these
requirements the combined competence, capability and capacity of universities, institutes and
industry is required. Onsala Space Observatory (OSO), the Swedish national infrastructure for radio
astronomy, has for many years been leading the coordination of Swedish technical contributions to
SKA: Over the last year or so these efforts have been helped immeasurably by the involvement of
Big Science Sweden identifying new companies which can contribute to SKA construction and
services. The main companies so far involved in SKA technical deliverables are Low Noise Factory
AB, Omnisys Instruments AB, RISE AB, Qamcom AB and Teledyne SP Devices AB – all companies
with their core business in Sweden. The contributions of these companies are, a) Of high business
interest to these companies, b) Vital for meeting SKA performance and cost requirements and c) In
areas of radio-frequency and related technologies that are of strategic interest to Sweden. A further
group of companies with overlapping competencies have also been involved in discussions as
potential SKA industrial contributors; to provide technical depth and competition for SKA deliverables
– so as to assure maximum cost efficiency for the project and industrial return to Sweden. In a
response to a recent request-for-information from the SKAO the value of these Swedish industrial
contributions amounted to ~20 M€. For other ‘commodity’ parts for SKA construction and operation,
which will be procured in the future, Swedish companies are in a good competitive position for
additional contracts; for example Ericsson for the SKA communications network, ABB for power and
energy supplies and SAAB for site security systems.
It can be argued that much of Swedish industrial success in microwave and related areas, including
for companies such as SAAB Electronic Defence Systems AB, RUAG AB and Ericsson AB, was built
on competence and technology originally developed for radio astronomy. Today in West Sweden
there is a strong competence in the microwave field, exemplified by competence centres such as the
GHz Centre and ChaseOn and an ecosystem of companies collaborating in the Microwave Road
association. This provides an environment ready for uptake of innovation in the field of Microwave/RF
technology. A recent and shining example is the company Low Noise Factory AB, whose technology
is based on R&D at Chalmers driven by the requirements of radio astronomy and which is today the
world’s leading producer of ultra-sensitive low noise amplifiers. Today, these amplifiers are critical
components for quantum computers with LNF now having 80 % of their sales in this area with
customers including IBM and Google/Alphabet. A future area of large potential industrial growth
includes involvement of Swedish companies developing new software in the Machine Learning (ML)
and Artificial Intelligence (AI) areas to process the vast data sets that will be produced by SKA1. New
companies in the ML/AI areas are expected to spin-off from the initiatives that are being developed
at Swedish Universities (such as Chalmers CHAIR programme). It may well be that the first discovery
using SKA1 leading to a Nobel prize will be made by applying an AI algorithm to detect a previously
unknown phenomena in the universe. An important future role for OSO will be to work jointly with Big
Science Sweden in taking responsibility for helping deliver Swedish SKA industrial contributions to
SKA, especially in the areas of microwave technology and Big Data/AI.
The involvement of Swedish scientists in SKA scientific and technical breakthroughs can be used to
influence education and career choices of talented young people in Sweden. SKA involvement will
also make Swedish universities more attractive to the cream of the world’s talent in astronomy and
enabling technologies. The SKA1 instrument will address questions that are fundamental for our
understanding of the universe and act as an attractor of talent to studies in astronomy but also in
enabling technologies. Altogether, a Swedish participation in the SKA1 construction and operations
phases will mean a significant industrial return and technology development, which in turn will drive
innovation and competence in areas in which a strong ecosystem is ready for uptake. The multiplier
effects of an investment in SKA are therefore expected to be high.
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