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Foreword

Spain has a proud and strong tradition in radio astronomy. Spain has built and
operates observatories at Yebes near Madrid, the IRAM 30-m dish on Pico Veleta in the
Sierra Nevada near Granada, and is now constructing a small network of 12-m dishes
for geodetic VLBI. Spanish astronomers make use of all major radio observatories
around the world to conduct their science, as well as using facilities operating in
wavebands other than radio. Spain is, of course, a member state of ESO. The Spanish
astronomical community has maintained a close interest in the development of the
Square Kilometre Array (SKA). Currently, approximately 2 M€ of staff time and other
resources is focused on several of the SKA design consortia and, of course, Spanish
astronomers are keen to see SKA built so they can conduct their science.

I am extremely impressed with the range of science in which Spanish astronomers
are interested; it covers most of the key science areas in which SKA will deliver. As
you, the reader, will see in the chapters in this White Book below, Spanish groups wish
to use the SKA to participate in several of the areas identified as SKA key science,
including the so-called Cosmic Dawn and the Epoch of Reionisation and fundamental
physics through the detection and understanding of gravitational waves. They have
strong interests in many other aspects of SKA-related science from the study of neutral
hydrogen, the most common element in the Universe, through to how young stars form
in our own Milky Way.

There are several chapters reminding us of the synergy that SKA will have with
the other major instruments, such as ALMA, high-energy space observatories, Euclid,
J-PAS and more. This is a demonstration of the modern multi-wavelength approach
to astronomy and astrophysics; we do not truly understand an object, a surveyed
region or a physical phenomenon until we have observed it across all of the available
spectrum.

With this Spanish SKA White Book, the Spanish astronomy community has laid
down a clear statement of their intent to be an integral part of the SKA project,
to be engaged in the design and construction and to be leaders of SKA science. 1
congratulate all authors on developing an excellent set of chapters.

Philip Diamond
Director General
SKA Organisation
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Preface

During the last century, Radio astronomy has made fundamental contributions to
our understanding of the Universe, as it allows the study of phenomena and com-
ponents that cannot be observed with any other technique. Thanks to facilities like
LOFAR, EVN, JVLA, NOEMA and ALMAZ, as well as other major worldwide ground-
based radio telescopes and interferometers, and space and airborne observatories, radio
astronomy covers now the range from submillimetre to metre wavelengths.

The Square Kilometre Array (SKA) will ensure that centimetre and metre wave
Radio astronomy plays a central role in Astronomy for several decades. The SKA
precursors (LOFAR, APERTIF, MWA, e-MERLIN, EVN, ATCA, JVLA, ASKAP,
MeerKAT?) already show the potential of the new generation of centimetre wavelength
radio interferometers with improvements in sensitivity, angular resolution, and field of
view, which supersede, by at least one order of magnitude, the performances of present
radio astronomical facilities.

The SKA, with a collecting area of one square kilometre, will have the potential
to revolutionise essentially all areas of Astrophysics. In fact, the interest in SKA
goes beyond radio astronomers, since it will be an extremely powerful tool for all
astronomers, with relevance also in other fields of research in Physics and Astrobiology.

The Spanish scientific community officially showed its very strong interest in the
SKA during the meeting “Science and Technological Opportunities in the SKA Era”
of the Astronomy Infrastructures Network (RIA) in May 2011. Since then, several
projects funded by the former MICINN led eventually to the creation of a “Spanish
SKA network of academic institutions” and to the production of a feasibility study of
the Spanish technological participation in the SKA construction.

At the beginning of 2014, the Steering Committee of the RIA issued a recommen-
dation for Spain to explore the possibility of participate in the SKA project as a full
member before the start of the construction phase in 2017. In October 2014, the
“Spanish SKA day” meeting of the RIA brought together members of 18 academic
institutions and 17 companies.

Spanish researchers and engineers are active members of several SKA working groups
since 2012. Currently, 9 Spanish research centres and 11 companies contribute to the
design of the SKA in 7 work packages, valued by the SKA Board at 2 M€. Since
October 2013, a Spanish state representative is regularly invited to participate in the
SKA Board meetings.

The Spanish participation as a full member in the SKA Project will multiply the
economic value for the academic institutions and companies, as well as the scientific
and technological return for Spain.

2European VLBI Network (EVN); LOw-Frequency ARray (LOFAR); Jansky Very Large Array
(JVLA); NOrthern Extended Millimiter Array (NOEMA); Atacama Large Millimeter Array
(ALMA)

3 APERture Tile in Focus (APERTIF); Murchison Widefield Array (MWA); electronic Multi-Element
Radio Linked Interferometre Network (e-MERLIN); Australian Telescope Compact Array (ATCA);
Australian SKA Pathfinder (ASKAP); South African Karoo Array Telescope (MeerKAT)



This White Book is the result of the coordinated effort of 119 astronomers, and
clearly shows the strong interest of the Spanish astrophysical community in the SKA.
It also shows the scientific capability of the research groups and the synergies between
them, as well as the synergies of the SKA with other astronomical observatories. All
of this indicates a very promising potential for an optimum Scientific exploitation of
the SKA in Spain.

The Editors
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Proélogo

La radioastronomia ha realizado a lo largo del dltimo siglo aportaciones funda-
mentales a la comprensién del Universo, ya que nos permite estudiar componentes y
fenémenos que no pueden observarse mediante ninguna otra técnica astronémica. Gra-
cias a instrumentos como LOFAR, EVN, JVLA, NOEMA y ALMA®*, asi como otros
grandes radiotelescopios e interferémetros repartidos por todo el planeta y el espacio,
la radioastronomia cubre un rango que va del métrico hasta el submilimétrico.

El Square Kilometre Array (SKA) garantizard que la radioastronomia a longitudes
métricas y centimétricas continie siendo gran protagonista de la astrofisica durante,
al menos, varias décadas. De hecho, los instrumentos precursores del SKA (LOFAR,
APERTIF, MWA, e-MERLIN, EVN, ATCA, JVLA, ASKAP, MeerKAT®) ya muestran
el potencial de la nueva generacién de radiotelescopios, con mejoras en sensibilidad,
resolucién angular, resolucion espectral y campo de visiéon que superan en al menos un
orden de magnitud las prestaciones de las infraestructuras radioastronémicas actuales.

Con un area colectora de un kilémetro cuadrado, el SKA serd una herramienta con
el potencial de revolucionar practicamente todos los &mbitos de la astrofisica. Asi, el
SKA va mucho més alld del interés de los radioastrénomos, pues se revela como una
herramienta poderosisima para todos los astronomos, y que también sera relevante en
otros campos de la fisica y astrobiologia.

La comunidad cientifica espanola mostré oficialmente su enorme interés en el proyecto
SKA en mayo de 2011, durante una reunién de la Red de Infraestructuras de As-
tronomia (RIA) sobre “Ciencia y Oportunidades Tecnoldgicas en la era de SKA™
Desde entonces, una serie de proyectos financiados por el extinto MICINN culminé en
la creacién de una red de instituciones académicas para el SKA y la elaboracién del
Estudio de viabilidad de la participacion tecnolégica espanola en el SKA. A principios
de 2014, el Comité Directivo de la RIA emitié una recomendacion para que Espana
explorara la posibilidad de participar en el proyecto SKA como miembro de pleno
derecho antes del comienzo de la fase de construcion, en 2017. En octubre de 2014
tuvo lugar la reunién de la RIA “Spanish SKA day”, que congregd a miembros de 18
instituciones académicas y 17 empresas.

Los investigadores espafoles participan en varios grupos de trabajo del SKA desde
2012. Actualmente, 9 centros de investigacion espafioles y 11 empresas contribuyen a
los esfuerzos de disenio del SKA en 7 paquetes de trabajo por un valor estimado de 2
M=<€, reconocido por el Board del SKA. Desde octubre de 2013 se invita regularmente a
un representante del gobierno espanol a participar en las reuniones del Board del SKA.
Una participacién oficial de Espana en el proyecto multiplicaria el valor econémico para
instituciones y empresas, ademas del retorno cientifico y tecnolégico para el pafis.

4European VLBI Network (EVN); LOw-Frequency ARray (LOFAR); Jansky Very Large Array
(JVLA); NOrthern Extended Millimiter Array (NOEMA); Atacama Large Millimeter Array
(ALMA)

5 APERture Tile in Focus (APERTIF); Murchison Widefield Array (MWA); electronic Multi-Element
Radio Linked Interferometre Network (e-MERLIN); Australian Telescope Compact Array (ATCA);
Australian SKA Pathfinder (ASKAP); South African Karoo Array Telescope (MeerKAT)
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Este Libro Blanco, fruto de un esfuerzo coordinado de 119 astrénomos, muestra el
interés de la comunidad astrofisica espanola en el SKA, asi como la capacidad cientifica
de nuestros grupos de investigacién y las sinergias existentes entre ellos, y del SKA
con otros observatorios astronémicos. Todo ello representa un prometedor potencial
para una 6ptima explotacién cientifica del SKA en nuestro pais.

Los editores
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