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The ASTRONET Science Vision and Infrastructure Roagd were published in 2007 and
2008 respectively and presented a strategic plan tlie development of European
Astronomy. A requirement was to have a light-tougidate of these midway through the
term. The Science Vision was updated in 2013 ard dbnclusions were fed into the
Roadmap update. This was completed following thieaue of the ESA decisions on the
latest missions. The community has been involveduiih a variety of processes and the
final version of the update has been endorsedd®ABTRONET Executive.

ASTRONET was created by a group of European funding ageitiesler to establish a strategic
planning mechanism for all of European astronoltnyovers the whole astronomical domain, from
the Sun and Solar System to the limits of the olzd#e Universe, and from radioastronomy to
gamma-rays and particles, on the ground as wéfl sigace; but also theory and computing, outreach,
training and recruitment of the vital human resesrdAnd, importantly, ASTRONET aims to engage
all astronomical communities and relevant fundiggrecies on the new map of Europe.
http://www.astronet-eu.org/

ASTRONET has been supported by the EC since 2005 as anNERIADespite the formidable
challenges of establishing such a comprehensive pBTRONET reached that goal with the
publication of its Infrastructure Roadmap in NovemB008. Building on this remarkable
achievement, the present project will proceed ¢aitiplementation stage, a very significant new step
towards the coordination and integration of Europessources in the field.
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ASTRONET: Infrastructure Roadmap Update 2014

Executive Summary

Excellent progress has been made on implementiagrgbommendations of the original
ASTRONET Infrastructure Roadmaphat was issued in 2008. Furthermore, great pssgre
has been made on answering the questions poséeé ioriginal Science Visidrdocument,
which guided the infrastructure selections. TheeSce Vision, which was published in 2007,
has also been updated and publiétedi again, has guided the update of the Infrastreic
Roadmap.

The economic downturn at the end of the last dedas had an impact on progress, but
gratifyingly, most of the ‘large’ projects have ¢mmed with relatively little impact apart
from delays. On the other hand, where the finandiadate has had a serious impact is the
ongoing annual support of astronomical researehyesearch grants (staffing and training),
support for operations of existing facilities angport for small-to-medium instrumentation
projects. However, in the midst of the downturre thternational Year of Astronomy 2009
(IYA2009)° proved to be a spectacular success and providsgriagboard for many
initiatives that have followed. The explosion ofanenedia into the communication toolkit
has also provided another huge boost for the subjec

Since the publication of the original Roadmap, égoé science continues to be delivered
from space missions such as XMM Newton, INTEGRAIlas€ini, Cluster, Hinode, Mars
Express, SOHO and Venus Express. The Rosetta mjdsionched in 2004 to study and
plant a lander on the com&f P/Churyumov-Gerasimenko, is about to come taidmi Since
2008, hree new astronomy missions have been launchedheébfEtiropean Space Agency
(ESAY. Herschel has provided a truly spectacular faminfd/submillimetre mapping of the
cold Universe, while its launch companion, Planttks made exquisite maps of the cosmic
microwave background, the remnant of the big b&mgnprecedented accuracy. These were
launched on an European Ariane V rocket in 200@ [akest mission, Gaia, was launched in
December 2013 on its mission to map a billion stamur Galaxy, thereby revealing how our
galaxy was formed and how it has evolved.

In addition to the astounding success of the abtive,ESA Cosmic Visiorsselection

process has now set the scene for the followindlsmadium and large future projects: S1,
M1, M2, M3, L1, L2, L3. The last of these (L3) itapned to launch in 2034. The themes
cover a wide range of topics: study of the Sun @lar Orbiter); planetary exploration

http://www.astronet-eu.org
http://www.eso.org/public/archives/books/pdfsm/astronet.pdf
http://www.astronet-eu.org/FP6/astronet/www.astronet-eu.org/spip33fa.html?rubrique27
http://www.astronet-eu.org/spip.phprarticle170&lang=en

http://www.astronomy2009.org

http://www.esa.int

http://sci.esa.int/home/
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searching for biological markers (L1-JUICE), exo@tary study (S1-CHEOPS and MS3-
PLATO), the search for dark energy (M2-EUCLID); tetudy of the hot and energetic
Universe (L2-Athena) and the study of the grawtadl wave Universe (L3). This process is
a clear highlight and Europe can now see its prespace astrophysics research planned out
into the distant future. This long-term planning@ssible because of the relative stability in
funding for ESA (compared to other agencies andonat— see Chapter 8) and is an
important principle in being able to maximise resifor the agencies as well as allowing the
astronomical community to be in a position to ptaeir own activities accordingly. Of
course more could always be done with more monewith collaborations with other
nations, both of which would allow more missionsb® undertaken, or missions to happen
sooner. Aside from these ESA flagship missionsetheiscope for bi-national projects and a
number of these have shown that they can be extyesuecessful and cost effective.

Since 2008, huge scientific progress, along withntless new discoveries, have been made
using the suite of ground-based telescopes sparthengadio through to optical (and even
gamma-ray) regimes. The VLT suite of 4x8m telessomé the European Southern
Observatory (ESG)continues to set the world-standard for the 8-t0ims telescopes. These
are now augmented by two new survey telescopegptatab (VST) and infrared (VISTA)
wavelengths. Continued provision of new instrumeiotsthe VLT as well as the VLT
Interferometer (VLTI) is at the forefront of ESOaptical/infrared mandate. The ALMA
millimetre/submillimetre array in the Atacama Déssrnow essentially complete as far as
the initials receiver bands are concerned and wdtileramping up to full operation, it is
already demonstrating its huge potential with séabelous, ground-breaking observations.

With regard to the top-priority ground-based projecthe original Roadmap, ESO’s giant
optical-infrared telescope, the E-El, progress has been excellent. The project wasapgr

in 2012 and is now firmly established; the desigfiinalised, the first-light instrumentation

agreed, the site has been selected and is now pegpgred with ground-breaking and the
construction of the access road. Project constmatiill be boosted as soon as the Brazilian
Parliament ratifies the accession to ESO, whickxigected in the near future. First-light of
the E-ELT is expected in 2024.

The second (and joint) top-priority, ground-baseadjgxt, the Square Kilometre Array

(SKA)®, has also progressed in leaps and bounds durintash five years. This is a global

collaboration (currently comprising institution®in twenty countries), with Europe aiming

to be in the lead position. The SKA Organisatiors watablished as a legal entity in 2011,
with headquarters at Jodrell Bank in the UK and ri@8 a Director and an International
Board. A major milestone was achieved in 2012 i selection of the site; in fact a dual
location was selected within the two competing ¢oes, Australia and South Africa. The

design phase is currently underway and the cortgiruof Phase 1 of the project is planned
for completion around 2023.

8 http://www.eso.org

o https://www.skatelescope.org/



One of the themes underlined in the original Rogumas the need for multi-object
spectrometers for the current suite of major optideared telescopes and it is very
satisfying to see that at least three such projasnow underway in Europe. While good
progress has been made on the rationalisationeofstinall’ optical/IR telescopes through
various initiatives, the squeeze on annual opagdiudgets means that there is still further
work to be undertaken here. Likewise for the rami@scopes in Europe; in the realm of
ALMA, there is undoubtedly scope for some ratiosetiion and cash savings to be made,
albeit at a potential loss to individual countridis is currently being addressed by an
ASTRONET panel (ERTRE].

One of the original Roadmap recommendations; tarenadequate funding is set-aside for
technology development that ultimately leads to niestrumentation and facilities, is
reiterated. This is particularly important in timefsfinancial pressure. In this context, a push
to ensure that Europe has access to its own sgbpbyv-noise, large-format infrared arrays
remains a key recommendation that needs pursuiting dtighest levels.

‘The European Solar Telescope (ESTémains a high priority and the flagship projemt f
the Solar Physics community. Good progress has imaele since the original Roadmap and
while full construction funding has not yet beerhiawed, the EU FP7 Capacities project
SOLARNET" received significant funding for 2013-2017. Thidllvassist in preparation
work for the EST. A key recommendation from the cmumity is to have the EST established
on the next update of the European ESFRI Roadfinapich is due in 2015.

One of the main recommendations from the originfbktructure Roadmap was to phase the
two major ground-based projects (E-ELT and SKAptevent an impossible funding bulge.
A similar issue is now being faced with regardhe top-two astroparticle physics projects;
the gamma-ray Cerenkov Telescope Array (CfApd the neutrino detector of KM3NET
both of which are listed on the ESFRI Roadmap. TA& is progressing with a formal
organisation being defined and site selection | $buth being negotiated, while steady
progress is being made with the first detectokiM3NET although construction funding is
not yet secured.

With regard to outreach, education and trainingagrstrides have been made in using
astronomy as a ‘taster’ for science and technologg broad range of school ages. The
spectacular success of the International Year eéfoAsmy in 2009 (IYA2009) has led to a

huge upsurge in activity in the education and @anearenas. Furthermore, the explosion of
new devices (e.g. smart-phones and tablets) amdaghgications alongside the dramatic rise
of citizen science projects, demonstrate how oalrdeas expanded its horizons in the past

http://ertrc.strw.leidenuniv.nl/

http://www.est-east.eu/

http://www.solarnet-east.eu/
http://ec.europa.eu/research/infrastructures/index_en.cfm?pg=esfri-roadmap
https://www.cta-observatory.org/

http://www.km3net.org/home.php
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six years. However, many of the recommendations fféanel E, specifically regarding
education, have progressed little. This is for teasons: firstly because they involve major
policy decisions at national levels across Eurggmmething that is non-trivial; secondly,
because to achieve this there is a requiremers fiiving force and staff effort to support it.
This is an area where ASTRONET needs to deternmne ihwill progress these issues (or
otherwise). In the education and training doméie, économic downturn was bad news for
many researchers within Europe, especially thosésoft money’. The number of PhD
places was cut in many countries and the resultiager progression into postdoctoral
positions also declined.

As well as impacting staffing and training the emmic downturn also brought annual

operating budgets for current facilities into shdéopgus. These are now being tensioned
against outlays for future projects and their itedslie operating costs. This will be a

challenge for the future as astronomy appears telreloping into more ‘global’ projects in

the future. In this context, the situation with aedj to small and medium-sized optical/IR
telescopes will continue to require stark choie@sswill the ongoing support for a number of
radio telescopes across Europe.

However, looking at the original Roadmap recomménda, virtually all of them have either
been met, are in progress, or continue to staraytdddeed, the picture is incredibly positive
in spite of the economic climate. This ‘light toucmid-term, update has produced a number
of additional recommendations, but not a large nernibhis is mainly because the original
work concentrated on a ten-year span and with & Eissions now planned out into the
2030’s and the E-ELT and SKA progressing well, matkhe urgency for the ‘big projects’
has subsided. However, it is clear that while tlgefdrojects are now well defined, the next
tier of projects will need additional work for thext Roadmap. It is still too early to define a
number of these, but this work will need to starthie next three years.

In conclusion, this Roadmap update has demonstthtddthe original plan was extremely
successful in laying out the future direction dirasomy activity in Europe. Indeed, it stands
up very well with regard to other strategic roadsjagnd Chapter 8 describes the Decadal
Surveys of the USA as a comparison. However, whataar from all current roadmapping
exercises is that future project costs and assatigks (and hence cost inflation) need to be
very carefully audited at the time of funding, besa cost increases without additional
funding (or new partners) will require scientifiestoping. While these are never palatable,
the otherwise damage on the rest of the progranamdoe enormous (e.g. the situation in the
USA with regard to the NASR Astrophysics budget and the cost inflation of fiz@nes
Webb Space Telescope — JWST).

This document gives an overview and update of thgrpss since the original Roadmap of
2008. Essentially most of the original recommeradetiare either still supported, or they
have been achieved. A number of new recommendagi@summarised in Chapter 9, some

16 http://www.nasa.gov/



of which are generic in nature and apply acrossbttead for many projects. Astronomy is
currently in a very healthy position in Europe, lutontinuing squeeze on national funding
and the resulting implications is something thatdse careful thought in terms of
prioritisation and planning and this will be a kidhweme of the next version of the highly
successful ASTRONET Science Vision and InfrastngeciRoadmap.
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A multi-wavelength composite image from ESA’s Herschel space observatory showing a sequence
of star-forming regions in the molecular cloud W48, some 10 000 light-years away in the

constellation Aquila (the Eagle). Courtesy of ESA/Herschel/PACS/SPIRE/HOBYS Key Programme
consortium
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1. Introduction

1.1 Process

The starting point for the original ASTRONET Infragture Roadmap was the Science
Vision document published in 2007. This presentedscience themes that should be studied
over the coming decade and beyond. The outputs frasnwere mapped onto existing or
potential future projects. These were then givetress-test against potential funding and the
final recommendations of the Roadmap were prodacedoublished in 2008.

One of the requirements of the ASTRONET project thas both of these documents should
have ‘light-touch’, mid-term updates. This task whae responsibility of the UK’s Science
and Technology Facilities Council (STE€)The Science Vision document was updated with
an audit date of February 2013.

The original Roadmap was divided into five areasheof which was tackled by a Panel of
experts. These themes were: High Energy Astropbyaicd Gravitational Waves (Panel-A);
Ultraviolet, Optical, Infrared and Radio/mm Astronp (Panel-B); Solar Telescopes, Solar
System Missions, Laboratory Studies (Panel-C); Theg@omputing Facilities and Networks,
Virtual Observatory (Panel-D); Education, Recruitmheand Training, Public Outreach
(Panel-E). This theme was retained for the updhteeoRoadmap and Chapters 3-7 have, in
the main, been produced by the Chairs and co-Cbéaiise original Panels and the Members
at Large (see appendix A).

The purpose of the Roadmap update is not to régténa science that can be achieved, this is
covered in the update of the Science Vision documeather it is to highlight where
decisions may need to be made between competinectspresources and timescales. What
is really important is to identify in Chapters &y important gaps in which Europe needs to
invest for the future, especially in new technoésgor processes. In what follows, in order to
retain commonality and ease of comparison withRbhadmap of 2008, the sections and their
headings for the five Panels (Chapters 3-7) exaeflgct those in the original document.

While this Update gives a commentary on most ofptfegects listed in the original Roadmap,
it does not provide a compliance matrix of the pesg; this is dealt with in a parallel
ASTRONET Report on the ‘Implementation of the Roagin

Chapter 9 presents tlmew recommendations from the Update. These are gil@rgawith

the original recommendations from the five Panélsere were a number of over-riding
strategic recommendations from the original Infiasture Roadmap (such as pacing the E-
ELT and the SKA) but these have not been amplifre@hapter 9 but are dealt with in the
individual Panel Chapters.

v http://www.stfc.ac.uk
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The original intention was to complete the Roadrogplate by the end of 2013. However,
the announcement by ESA of the timetable for selecbf L2, L3 and M3 and the
ramifications of these decisions on the overallgpagonme resulted in the completion being
intentionally delayed until the spring-summer of120 albeit most of the work had been
undertaken in 2013.

Launch of the Gaia satellite on "I ®ecember 2013 from the Korou site in French Guidtteoto courtesy of
ESA-S Corvaja

1.2 Progress since the Infrastructure RoadmapP@3 2

Progress has been exceptional across the boargpautiicular science has been obtained
through a large range of space and ground-baseslomssand projects. Examples from the
space area include the ESA missirsf Cassini-Huygens, XMM-Newton, INTEGRAL,
Cluster, Mars Express, Venus Express, SOHO, Hersah@ Planck, along with other
missions with European interest such as SVWWFfermi®, Hinodée®, Kepler® and AGILE®.
Indeed, a number of these had not been launchedeatime of the original Roadmap.
Recently, Gai¥f has been launched and has just completed commiisgiand is starting its
operational phase, while Roséftés about to rendezvous with its comet after itsgthy
journey since launch. Also, a number of major sgacgects have come to fruition in terms
of approval. The Cosmic Visions programme for ESAow in place with the selection of
the M1, M2, M3, L1, L2 and L3 missions. The intration of a ‘small mission’ category has

http://sci.esa.int/home/51459-missions/
http://www.nasa.gov/missions/index.html
http://agile.rm.iasf.cnr.it/
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seen CHEOPS (characterisation of exoplanets) emerge triumpHantS1. These are
described in Chapter 2.1.

Huge progress has been made in terms of obsersatiaihe Sun as highlighted by missions
like Hinode, the two STEREO spacecraft and the r9oimamics Observatory, while Solar

System studies have benefited by from the contimysetation of Cassini-Huygens, Mars
Express and Venus Express. In early 2013, the HersObservatory ended a truly

spectacular mission, opening up the far infrareth wlata of the highest quality; this will

provide astronomers with many years of data folyarsand follow-up. Early in 2013, the

Planck mission had its first public cosmology degease, showing the early Universe in
unprecedented detail and revealing some new feahatereadily seen in previous surveys of
the cosmic background radiation. The first poldimamap was released in May 2014 and
the publication of the deeper map is eagerly awdiefore the end of the year in light of the
recent results on polarization signals from priniartluctuations.

On the high-energy side, European astronomers be&e capitalizing on a very successful
suite of X- and gamma-ray missions (e.g. XMM-Newthntegral, Swift, AGILE and Fermi)
that have produced a continuum stream of discaverie

Progress has also been spectacular from the greutid a huge landscape of new
observations emerging; these range from the disgafeextra-solar planets through to deep
surveys addressing galaxy formation in the veryydaniverse. Regarding the two joint top-
priority new large facilities from the original R@ap; the E-ELT project is now making
major strides forward, being formally approved B construction of the access road has
begun and recently (June 2014) there was the isgalf the mountain-top. The SKA is now
a fully-fledged project with an international projeoffice (located at Jodrell Bank UK), a
Director, an International Board and a first sigraht tranche of funding. Another Roadmap
priority, the Cherenkov Telescope Array (CTA) hagib awarded European funding to cover
its Preparatory Phase and an organisation is lsgihgnder the auspices of a Resource Board.

The massive, multi-national, millimetre/submillimetinterferometer on the 16,000ft high
Atacama Plateau, ALMA, is now undertaking fantastic new science evemghadt is not
yet complete and so is nowhere near its full paaenthe extension to the Plateau du Bure
interferometer, NOEMAZ, (the Northern Extended Millimeter Array) has newtered the
construction phase, while the new technology of B&2% on the James Clerk Maxwell
Telescope (JCMT) is producing major surveys thdl also provide a wealth of data for
ALMA follow-up. Exoplanet research has come on kapd bounds, spearheaded by Kepler.
From the ground, instruments such as HARR&hd now HARPS-North) along with WASP

I http://www.almaobservatory.org/

http://iram-institute.org/EN/noema-project.php
http://www.stfc.ac.uk/UKATC/projects/scuba2/whatis/35374.aspx
http://www.eso.org/sci/facilities/lasilla/instruments/harps.html
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and Super-WAS®P are providing further discoveries as well as detastudies of exoplanet
properties.

The unique airborne observatory, SOBIAwith its 4m telescope housed in a Boeing 747SP,
is fully operational and making exciting new obsdions. However, budget cuts in the US
and a very recent review panel recommendation Ipanethis mission under threat. The
European link lies with Germany.

The final antenna arriving at the ALMA site on tBleajnantor Plateau in Chile. Photo credit A. Marawic/X-
Cam/ALMA (ESO/NAOJ/NRAO)

While the approval of new projects has been vericovee, the economic climate has not
allowed any significant uplift of astronomy budgetger the short- to medium-term and the,
at best, flat-cash (no inflation increase) annuatigets have put squeezes on current
infrastructure and staff. The support for grounddsh facilities is one example where a
number of world-class observatories are facingaliffies or changes of ownership due to
lack of funding (e.g. James Clerk Maxwell Telescdgeited Kingdom Infrared Telescope-
UKIRT).

The end product of all of these missions and fiaeslis data and the explosion in the quantity
and quality of data from ground- and space-baseitities have presented new challenges for
storage, analysis, and distribution. In the realinthe Virtual Observatory (V3Y, the

efficient and interoperable access to this weditthata, computed in simulations, and curated

25
26
27

http://www.superwasp.org/
http://www.nasa.gov/mission_pages/SOFIA/
http://www.ivoa.net/
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by information services is increasingly importahhis is especially the case in this era of
multi-wavelength survey science and ‘big datdie™VO is the e-Infrastructure for astronomy
that provides the framework for seamless, unifiedeas to standardized astronomy data
services. It is embraced as a world-wide commuldtyed initiative, and is transforming the
way astronomy research is done. This Roadmap ugtates significant progress since 2008
including the successive EC funded projects thae lsaipported the development of the VO,
the continued take-up of VO techniques in astrondamga centres, and the current efforts to
establish VO as a sustainable component of therastry infrastructure. This is not only for
past-data, but more importantly for future datassttat will be immense and face challenges
in data-handling (see Chapter 6)..

While this is mostly a great success story, thisasthe time for complacency. In order to

remain at the forefront of world astronomical scerzurope must ensure that technological
developments continue at the right level in ordeprovide the necessary platforms for future
instruments and facilities. These are discusséderspecific Chapters that follow.

1.3 The document history

The update process began with a kick-off meetings@hmiphol in February 2013, which

included many of those who produced the ScienceWVidpdate. Community input has been
provided through a web-based forum and presentatdmeetings. Because this is a ‘light-
touch’ update, a specific, pan-European, commureiyed meeting was not deemed
necessary and instead special sessions at the dawrofyeek of Astronomy and Space
Science (EWASS) were used during 2013 and 2014 l[{ekmv). This was in addition to

national astronomy meetings across Europe.

The first draft of the Update was compiled by themmbers listed in the Appendix A
following the meeting described above. This dradisvpublished on the web for community
input in June 2013. Input was also obtained throaghon-line forum, communication
through members and a one-day presentation atutep&an Week of Astronomy and Space
Science (EWASSY in Turku in July 2013.

As noted above, the document was essentially cdetpie the late summer of 2013, but it
was decided to await the outcomes of the ESA Co¥sfisions L2/L3/M3 deliberations given
the importance they have on the field. Following tBSA decisions, the ASTRONET
Executive reviewed the next draft in May 2014 anmid tvas subsequently published on the
ASTRONET web in early June. This was followed bgpeecial community session at the
EWASS meeting in Geneva in July. The on-line fowas closed two weeks later, the final
draft was completed by the end of July and thed filmeument was signed off for publication
by the ASTRONET Executive.

28 http://www.astro.utu.fi/EWASS2013/
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The VISTA survey telescope in its enclosure atPwanal Observatory in Chile. Photo courtesy ofvBte
Beard/UKATC/ESO
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2 Decisons and changes since the Roadmap of 2008

2.1 Space
211 ESA

The Rosetta mission aims to study and attach aetandto the come67P/Churyumov-
Gerasimenko, is about to be realiseéhunched in 2004 andftar a ten-year journey
encompassing four orbits of the Sun, Rosetta hetsbigen re-awakened from its deep sleep
and will finally arrive at its destination iAugust 2014. It will then begin more than a year-
long study of this ancient world, very recently simoto be a more of a binary body than a
single nucleus.

Artist impression of the Rosetta's lander, Philaethe surface of comet 67P/Churyumov-Gerasimdniage
courtesy of ESA/ATG medialab.

Herschel and Planck were launched in 2009. Botlsions have been truly spectacular. The
cryogens for Herschel were exhausted in April 2848 the satellite was decommissioned a
couple of months later. Planck was finally switctodidin October 2013.

The Gaia satellite was launched on Decembdl 2®13, entering its operational orbit in
January 2014. It has just completed commissioning & now operational, working
extremely well. It is commencing its mission to guce a stereoscopic and kinematic census
of about one billion stars in our Galaxy and thiooigt the Local Group.

For the future ESA missions, the two medium missigM1l and M2) were selected in
October 2011 and they are:

M1: Solar Orbiter, with a planned launch in 261a mission to study the Sun from an out-
of-the-ecliptic vantage point and perform the ckis®ver in-situ measurements of local near-
Sun phenomena
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M2: Euclid, with a planned launch in 2020to map the geometry of the dark Universe,
measuring the distance-redshift relation and thewtir of structure by using two

complementary Dark Energy probing methods: barycoustic oscillations and weak

gravitational lensing

The first large mission (L1) of the ESA Cosmic Vdisiprogramme was selected in April
2013. The successful candidate was JUICE with angld launch in 2022 a mission to
study the giant gaseous planet Jupiter and thrée nfoons, Europa, Ganymede and Callisto
in unprecedented detail.

In the midst of this process, ESA introduced a ¥netass mission, designated S1, and the
successful candidate, CHEOPS, was selected in @cfl12. This mission, with a planned
launch in 2017, aims at characterising transitngpéanets around known bright and nearby
host stars.

During this period ESA decided to commit to the &8d L3 missions and asked for
suggestions for investigatory themes (rather thmatific missions/telescopes). The result of
the ‘thematic white papers’ for the L2 and L3 noss was announced in late November
2013. The outcome was that the first mission, tbye launched in 2028, will study the hot
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and energetic universe via a large X-ray obseryatdthena. The following large mission,
L3, is the study of the Universe through gravitaibwaves and will be launched in 2034.
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Finally, in the ESA Cosmic Visions programme, tliecessful M3 project, PLATO, with a
launch planned for 2024, was selected in Febru@fiyl 20 open a new way in exoplanetary
science, by providing a full statistical analysfse@oplanetary systems around stars that are
bright and nearby enough to allow for simultaneand/or later detailed studies of their host
stars.

2.1.2 National, bi-lateral and other missions

The Solar Dynamics Observatory was launched in Uaelr2011 and is part of NASA’s
Living with a Star Programme. STEREO is another WASBission and both have European
collaborations. Both missions are providing valeatihta on our Sun.

NASA'’s Fermi and SWIFT are making important obséorss in the high-energy regime and
have European collaboration along with the Alphaghgic Spectromet&(AMS) which is
searching for antimatter in cosmic rays on-boaedititernational Space Station.

The French-ltalian X-ray mission, SIMBOL-X, was cafled in 2009; however,

collaboration with Russia and China helps to mamnsame new European X-ray astronomy
instrument activity (see 3.2.2.1). The Max Plandstitute (MPE) is providing the e-

ROSITA®* X-ray instrument on-board the Russian SpectrumARm®n-Gamma (SRG)

satellite, which is planned to launch in 2015.

2.2 Ground-based

2.2.1 Facilities

The ESO VISTA 4m survey telescope with a 67 megapifrared camera saw first light on
Paranal in late 2009 and has been performing eglsemell ever since. The 2.6m VLT
survey telescope (VST), with a 268 megapixel optieanera saw first light in 2011 and is
also operating very successfully. The William HeedcTelescope (WHT) on La Palma has
been given a new lease of life with a new instrum®EAVE (see 4.2.2.1), which will
provide wide-field spectroscopic follow-up to Ga@ther 4 and 2m class telescopes on La
Palma do not have such a clear-cut future (seé,473%, 8.1). The Spanish-led 10m Gran
Telescopio Canarias (GTC)elescope on La Palma has made steady progressthin start

of operations in 2009.

The Pierre Auger Cosmic Ray Observatbhas been operating successfully for a number of
years studying the ultra-high energy cosmic raynesseetected through the Cherenkov light
in the Earth’s atmosphere. It has provided clueshenevolution of their composition with

*  http://ams.nasa.gov/

http://www.mpe.mpg.de/eROSITA
http://www.gtc.iac.es/
http://www.auger.org/

30
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energy and put new constraints on their origin. r€hieov light is also used to study very
high energy gamma-rays with the MAGR&and HES$' suites of telescopes.

The two 17m diameter gamma-ray telescopes of th@IlDObservatory on the island of La Palma with the
Gran Telescopio Canarias (GTC) in the backgrounuot® courtesy of Robert Wagner, Stockholm Universit

LOFAR® has made major strides since 2008 and is now fydbrational with 36 stations in
the Netherlands and other stations in Germany,deraBweden and the UK. It has already
made new and innovative observations and in tefrasderstanding how to operate such an
array is an ideal pathfinder for the SKA. The ALNiillimetre/submillimetre synthesis array
has made spectacular progress and all of the aagesm® now in position at the observing
site and first science is already well under wapilé/nowhere near its full potential, the first
scientific discoveries are demonstrating the tramsétional capabilities of this multi-
national project. The European participation anzkas is managed by ESO.

The GREGOFR® 1.5m solar telescope on Tenerife was inaugurate2Dl2 and is currently
commissioning a multi-conjugate adaptive opticstaysin order to achieve the highest
possible resolution.

* https://magic.mpp.mpg.de/

> https://www.mpi-hd.mpg.de/hfm/HESS/
3 http://www.lofar.org/
®  http://www.kis.uni-freiburg.de/index.php?id=163&L=1
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2.2.2 Major Instruments

X-SHOOTER, KMOS, MUSE and SPHERE have been intreduto the VLT. Two new
instruments have been provided for the VLTI (AMBERd MIDI); while the PRIMA
instrument has recently been cancelled in ordéndos on ensuring that the facility is ready
for the two new instruments of Gravity and MATISSHitially installed as visitor
instrument, PIONIER is now part of the VLTI suitadapermits unprecedented imaging
capabilities at the resolution of a milli-arcsecor®ubmillimetre arrays are now being
delivered; the first and largest being SCUBA-2 twe tJICMT, while other large arrays
developed within Europe are being deployed on tR&A telescope.

The 24 arms feeding the multi-object spectrorsatéthe KMOS instrument on the VLT. Photo coyrtdés
UKATC/STFC/ESO

2.3 Other

The Stratospheric Observatory for Infrared Astrogd®OFIA), an airborne platform with a
4m telescope funded by NASA and the German Aeresganter (DLR) obtained first light
in 2010 and has been in operation since that timegntly undertaking the 180flight.
However, budget cuts within NASA have recently putssure on the continuation of this
project.
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The SOFIA airborne observatory housing a GermattBubm telescope. Photo courtesy of Jim Ross/NASA.
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3 Panel-A: High Energy Astrophysics, Astroparticle Astrophysics and
Gravitational Waves

3.1 Introduction

ESA'’s recent decision to investigate the hot andrgetic universe via a powerful, next
generation, X-ray observatory (Athena) for its LBsion changes the future outlook of high-
energy astrophysics both in Europe and in the wadrlte world astronomical community
relies on workhorses facilities such as NASA’s Glranand ESA’'s XMM-Newton, whose
continued operations since 1999 provide the esdexiray astronomy view of the Universe
that astronomy needs. In addition, contributiongha form of smaller missions such as
JAXA’s Suzaku and NASA'’s Nustar have also proveryvwmportant. Activities of the X-ray
astronomy community are now focussed on optimisiiegdesign of the X-ray telescope, as
well as the suite of instruments needed to achisvambitious goals. Also, the ESA L3
selection of a mission dedicated to the searchlder frequency gravitational waves
(inaccessible from the ground) is extremely impart@and such a mission is clearly needed
and will certainly break new ground, ranging frostraphysics to cosmology. However, with
a launch projected for 2034 it might be difficidtrhaintain the necessary teams in place and
this is an aspect that will need careful management

Recommendation 3.1: ESA and national agencies togeldn for the retention of key skills
and key teams for the long lead-time missions sh@io Vision.

While no new space mission dedicated to gamma-sapreomy is in sight, the field of
gamma-ray astronomy continues to move forward tinowttempts to boost the
performances of ground-based Cherenkov telescapgs NIAGIC. HESS, Veritas), which
will provide the main observing tool in the comipegrs.

ESA’'s XMM-Newton X-ray Observatory. Image courtddySA
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3.2 High Priority New Projects
3.2.1 Ground Based Near-Term

3.21.1 CTA

While the existing Very High Energy (VHE) gamma-raxperiments, such as HESS,
MAGIC and VERITAS continue to operate and to obtamportant results, the world
community is getting ready for the Cherenkov Tedpsc Array (CTA) gamma-ray
observatory. This is moving forward vigorously aml now completing a three-year
preparatory phase of telescope construction prpitagy This is funded by a European grant
in conjunction with significant national investmenfespecially from Germany and Italy).
The CTA collaboration now encompasses more thad0ls@ientists from 27 countries and a
legal CTA entity was founded in mid-2014. A majoilestone was completed in April 2014
with the shortlisting of two observing sites in @hand Namibia for the Southern site, with
on-going discussions on a site for the Northerayarr

It should also be noted that the high priority aded in the original ASTRONET and
ASPERA rankings, as well as in the US Decadal Sureertainly helped to establish CTA as
the major instrument in very high-energy astroptgsit global world-wide level. Efforts are
currently underway to obtain the funding to comneemonstruction as soon as possible;
which would be a decision in mid-2015 and constamcto begin in 2016. CTA, which is
part of the ESFRI Roadmap, is also one of the tstooaomy projects (the other being the
SKA-see later) being proposed to the EU’s Horiz68®' programme.

Artist impression of the CTA Observatory. Imagertasy of the CTA-Observatory

37 http://ec.europa.eu/programmes/horizon2020/
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It is also important to note that developments liaugd-based, gamma-ray detection are
pushing towards lower energy thresholds, with deteaf ~10 GeV gamma-rays from the
ground being a realistic prospect. This will cldbe present energy gap between satellite
detectors and ground-based Cherenkov telescopesiamd potential for major impact in
high-energy astrophysics, where no space succedgstre Fermi telescope is foreseen.
However, since Cherenkov telescopes are pointegradi®ries (as opposed to scanning ones
like Fermi), a vigorous multiwvavelength effort i®eded to survey the sky pinpointing
potentially interesting targets.

Recommendation 3.2: strengthen multiwavelengtlalotiations through dedicated
programmes and grants

3.2.1.2 KM3NeT

Neutrino astronomy is enjoying more and more atianthanks to the preliminary results of
the IceCube Observato?ylocated 1km beneath the ice of the South PolereGtly
KM3NeT has €40M funding for phase-1 and good prsgréias been made in the
Mediterranean Sea with the deployment and operatfathe first module (DOM - Digital
Optical Monitor) in April 2013. Currently there an ongoing debate between the particle
physics and astrophysics communities regardingofitenisation of the geometry and the
size of the final KM3Net. Once phase 1 is complete2014-15) phase 1.5 will commence.
This will look to achieve the implementation pafttbe project and is costed at €90M for
which there is currently commitment from Franca)yitand the Netherlands. The decision
whether to double the size of the array (phaseil2pw made in 2016.

Artist impression of KM3NeT deployed, courtesy aféMie Boer/Ori Ginale and the KM3NeT Collaboration

38 http://icecube.wisc.edu/
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3.2.1.3 A Comment Concerning the Future of UltigiHEnergy Cosmic-Ray Facilities

The origin and composition of cosmic rays of uliigh energy continues to be one of the
least understood phenomena in the Universe. Thailyss being pursued from space with
the Alpha Magnetic Spectrometer (AMS) on boardItiternational Space Station and from
the ground with an international facility such he Pierre Auger Observatory. The AMS, a
NASA-led mission with major European participatidras recently released its first results
focused mainly on the precise measurement of greh-positron ratio in cosmic rays.

The Pierre Auger Observatory, a huge 3,00 karticle array combined with four wide-
angle optical telescopes for atmospheric fluoreseelight and located in the Southern
Hemisphere (Argentina), is now fully operationatats results demonstrate the existence of
a statistically significant spectral feature (sex@pg or cutoff) at aroundxd0" eV. The
Auger collaboration proposes to build a signifitantarger array in the Northern
Hemisphere, called AugerNext, in order to incretise statistics at higher energies and to
access the whole skyThe AugerNext consortium consists presently of teem partner
institutions from nine European countries supporgda network of European funding
agencies. It was one of three projects whose pagpar work was funded by the
Astropatrticle Physics European Community (ASPER®A)the tune of €1.8M, and it is a
principal element of the ASPERA/ApPEGtrategic roadmaps.

3.2.2 Space Based Near-Term
3.2.2.1 X-rays

Before the ESA selection of a next generation Xtedgscope for its L2 mission, the X-ray
community was facing an uncertain future since levtiiriving on the legacy of Chandra and
XMM-Newton (supplemented by Suzaku and nuStar) rapommission was in sight. The
cancellation of Simbol-X (hard X-ray imaging), highrated in the original ASTRONET
Roadmap, was disappointing but was partially migdaby the NASA mission nuStar. This
is an Explorer (small) class mission, which hasnalsEuropean participation. In the field of
high energy X-ray astronomy, collaborations areamwdy between Europe and China for the
Hard X-ray Modulation Telescofe which will be the first Chinese astronomy satelliThis
has a launch planned for 2016.

The German (DLR) e-ROSITA X-ray telescope providgd MPE on-board the Russian
Spektrum-Roentgen-Gamma (SRG) platform is planogaetform a sensitive sky survey in
low-energy X-rays and is approaching launch, nongdeen to be not before December 2016.
The NASA NICER (Neutron Star Interior CompositioxpforeR) mission, a soft X-ray
instrument to be installed on the International c&p&tation, is also foreseen for a launch in

¥ http://www.appec.org/

40 http://www.hxmt.cn/english/
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2016. Finally, the French-Chinese project SVMilevoted to the study of Gamma-Ray
Bursts on the wake of the success of the SWIFTiamnsss now ready to start anew after
being on hold for some time and has a launch plfore2018.

Recommendation 3.3: Continuing R&D technologicakach activities remains of
paramount importance to maintain European leadgrshithe field of high-energy
astrophysics

3.2.3 Gravitational Waves

The selection of a gravitational wave observatanythe ESA L3 mission provides a clear
roadmap in the field of low-frequency gravitationahve observations from space, albeit
with a lengthy timespan before the planned launtt2034. In the meantime, the long-
delayed proof-of-concept LISA Pathfinder will teshe concept of low-frequency
gravitational wave detection by putting two testsses in a near-perfect gravitational free-
fall, while controlling and measuring their motianth unprecedented accuracy. The launch
is currently scheduled for 2015.

Artist's impression of gravitational waves from tambiting black holes. Image courtesy of: T. Caranl{NASA
GSFC)

3.2.4 Ongoing Space Missions

The ongoing missions of XMM-Newton and INTEGRAL grerforming well and recently
their operations have been extended by ESA up 16 26th a mid-term review in 2014. This
has certainly been aided by the strong recommenmuatithat were in the original
ASTRONET Reports.

4 http://smsc.cnes.fr/SVOM/
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Furthermore, the very good performances of a nundiehigh-energy missions, either
European-led, or with an important European coutiim should be highlighted. Apart from
XMM-Newton and INTEGRAL, some teams of the Europ@atronomical community can
access data collected by SWIFT, AGILE and Fermikintathis decade a golden one for
high-energy astrophysics. While AGILE has been moéel up to mid-2015, SWIFT and
Fermi received a very good rating in the previodsSI Senior Review and their funding is
secured up to 2016 with an intermediate reviewOih42

Recommendation 3.4: In view of the excellent hezlthe XMM-Newton and INTEGRAL
missions, this panel feels confident to stronglyoese, yet again, their continuation.
Moreover, this panel welcomes the outcome of tbemteNASA Senior Review, which has
approved the continuation of SWIFT and Fermi opgeret for between 2 and 4 years.

3.3 Conclusions

The conclusions remain valid and there are verytiagcdevelopments on the horizon for the
high-energy community, but in space the ambitietgiired by the Science Vision can only
be realised by a carefully planned, long-term sggtof the space agencies, for which they
probably need to act jointly. Should funding andioval priorities permit, there is clearly
time for NASA (and other agencies like JAXA) to bate involved with the two L-class
missions (L2 and L3) to enhance their capabilitye Tengthy timescale for L2 and L3 needs
careful thought in terms of maintaining teams addgmate career progression and reward,
especially on the research front as noted in tbemenendation above.

Although not mentioned above, it should not be dtken that on the ground-based
gravitational wave front, progress continues whk VIRGG? GEO6006° and the LIGS*
projects. Furthermore, the European FP7-funded eginal design study for the Einstein
Telescop® has now been completed.

There is one area in which prioritisation will mdigely need to be made and this is in the
astroparticle physics domain, where the CTA and KIE3 are essentially competing for

available funding. One possibility is that one die tprojects might be phased more
downstream, hence removing immediate competitisnn@s the recommendation for the E-
ELT and SKA funding from the original Roadmap). 38 something that is under vigorous
discussion by the European Astroparticle PhysicesGdium (ApPEC) and no further

actions are needed.

A note in passing is that a number of dark matiezctl detection experiments are being
conducted but these general fall outside the spbfeaistronomy.

2 http://www.ego-gw.it/index.aspx

http://www.geo600.org/
http://www.ligo.caltech.edu/
http://www.et-gw.eu/
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4 Pand B: Ultraviolet, Optical, | nfrared and Radio/mm Astronomy

4.1 Introduction

Since the publication of the Roadmap the situategarding current opportunities and future
perspectives for the European astronomical commuinais evolved substantially in many of
the wavelength regimes covered by Panel B. In tbical/near-infrared domain, where
Europe has taken the worldwide lead with the foerylLarge Telescope (VLT) units, the
Very Large Telescope Interferometer (VLTI) and thassociated suite of focal plane
instruments (which is still evolving), the top-mity — the European Extremely Large
Telescope project (the E-ELF)is now approved, albeit not quite yet fully funded

ESQ’s Observatory at Paranal in Chile showing therfVLTs the VST, the Ancillary Telescopes of thEl vV
and in the background, the VISTA telescope. Phatiatesy of ESO/G.Hudepohl

In the (sub)-millimetre, the construction of the AtacamadeaMillimetre Array (ALMA)
project, in which Europe is a partner through E®@ether with the US National Science
Foundation and Japan’s National Institutes for Kdt&ciences (both parties representing
further institutions in Canada and Taiwan), is atnmmplete and scientific operations have
already started. Indeed, given that all initial ABNdands will be completed in 2014, it seems
timely to start work on adding additional (missirggnds.Europe's role in this wavelength
range will be further enhanced as the construaifoh more antennas for the Plateau de Bure
Interferometer progresses. This first phase of dpproved NOEMA project is due for
completion by 2016. During Phase 2 a further 2ramde will be added, but currently this is
not yet funded.
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In the longer wavelengths radio domain, LOFAR Hastad operations and has produced the
first significant science results. The preparatdrthe world-class future project, the SKA,
has now moved into a well-defined project with sidection decided as discussed below.

Thanks to ESA’s Horizon 2000 and 2000+ and Cosms&tov programs, Europe continues
the exploitation of the Hubble Space Telescope (H®%Mose lifetime has been prolonged.
The follow-up mission, the James Webb Space TebesddWST), to which Europe
contributes in a significant manner, is now delated launch in 2018. Continued European
participation in the project is seen as a very irtggd mid-term priority. Europe’s leading
position in astrometry, which had been establisttedugh ESA’'s HIPPARCOS mission,
will be greatly enhanced by the much more powe®&ala mission, which was successfully
launched in December 2013. Exploiting Gaia daeanignportant near- and mid-term priority
for European astronomy and requires significantiiog.

Planck and Herschel have both produced a wealthatef before running out of cryogenic
coolant. Both missions have already strongly imgacfields like cosmology, galaxy
evolution and star formation, and will continuedim so through extensive data analysis that
will continue for at least 5-10 years. This is dr@stimportant mid-term priority for Europe.

As noted earlier, the Dark Energy mission, EUCLVhich was given top priority in the
previous Roadmap was selected for the ESA M2 sidtile CHEOPS, a mission to
characterize exoplanets by ultrahigh precision gimetry was selected for the S1 launch slot
in 2017. The recent decision for the M3 missionitesl in success for PLATO, an exoplanet
transit and asteroseismology mission that willdaenthed in 2024.

As emphasized in the previous Roadmap (Chapteh&)financial support for thecientific
exploitationof space missions is very different in the US BnBurope. In the US it is part of
the NASA budget. In Europe, there is no equivalE®A mandate, nor available funding, and
such funding comes from an ad-hoc mixture of natiGupport and EC-sponsored scientific
networks. An enlarged and better structured Eunoegport for scientific exploitation of
large infrastructure is urgently needed and wodllghiBcantly enhance their scientific
productivity. This applies immediately to HerscPédinck and GAIA and in the future the
JWST.

Recommendation 4.1: ESA, the EU and national agsrsfiould address the potential for a
more coherent funding arrangement for the explmtadf scientific data from space
missions.

4.2 High priority new projects

4.2.1 Ground-based, near-term (-2015)

4.2.1.1 Development of wide-field, multiplexed sppemeters for 8m-class telescopes

A very strong scientific case for the developmehtvade-field, multiplexed spectrometers

has existed for many years and was a high prioetpmmendation of the Roadmap and of
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the updated Science Vision. The term ‘wide-fieldrdr means a field-of-view (FOV) of at

least 1.5 degrees (with a goal of 3 degrees) irrora provide simultaneous spectroscopic
observations of thousands of objects over a FO\cheak to the scientific requirements,

comparable to that envisaged for the next generatime-field imagers, e.g. the Large

Synoptic Survey Telescope (LSST).

In the last 5 years, wide-field imaging has grovaydnd expectation, and will continue to
grow with the availability of new ground-based syelescopes like the VST and VISTA at
ESO, or later in space with EUCLID. The Gaia s#telheeds to be complemented by a
ground-based, wide-field spectrometer to measutd@lraelocities and stellar parameters
(Ter, detailed abundances, etc.) of thousands of &amger than magnitude 16.5, which
cannot be observed by the Gaia on-board spectrométethermore, wide-field X-ray
surveys by e-ROSITA, and in the far infrared withrgthel will be, or are already, creating
large samples of objects that can be looked at witle-field spectrometers to study very
faint and distant starburst galaxies, AGNs and QSOs

Currently, on the international stage, ground-bafailities tend to focus on imaging
surveys, i.e. MEGACANF at the Canada France Hawaii Telescope (CFHT)/tHeSurvey
Telescope (VST) and the Visible & Infrared SurvesieBcope for Astronomy (VISTA) at
ESO, the Panoramic Survey Telescope And Rapid RespBystem (Pan-Staftsiind in the
future, the LSS in the USA. These will provide insights into therR Energy through
weak lensing measurements, supernova measurenaedtd)y revealing the distant galaxy
distribution. The same is true for space projeGsia and EUCLID (see Section 4.2.4) in
Europe which will have spectroscopic capabilitiethex limited to bright objects, or
optimized for complementary (low resolution, neadrared) wavelengths. Multi-object
spectroscopy is a natural and much needed comptetoeaxisting wide-field imaging
surveys such as those mentioned above.

The good news is that excellent progress has beete nm this area following on from the
original Roadmap recommendations.2010, ESO issued a call among its communityafor
wide-field spectrometer. Two concepts, MOGRISNd 4MOST° were reviewed in 2013 and
selected to proceed to a design and constructiasgoith MOONS scheduled for first- light
in 2018 and 4MOST in 2019.

MOONS is a multi-object spectrometer in the visibled the near IR for the VLT. It will
provide a field-of-view of 25 arcmin and 500 fibres objects and 500 for sky references.
This instruments aims to study faint and distaméxgjas. The 4AMOST instrument is designed
for a 4m class telescope, initially this was eiti@8TA or the NTT and VISTA has been
selected. The field-of-view is projected as 3 degravith 3000 fibres. It will have two

*® http://www.cfht.hawaii.edu/Instruments/Imaging/Megacam/

http://pan-starrs.ifa.hawaii.edu/public/

http://www.Isst.org/Isst/

http://www.roe.ac.uk/~ciras/MOONS/VLT-MOONS.html
http://www.aip.de/en/research/research-area-ea/research-groups-and-projects/4most/
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operating modes: a low and a high spectral respiutiode. Scientific targets are the follow-
up of targets too faint to observe with the Gaiacsmmeter (see next), a ground-based
optical follow-up of targets for the e-Rosita X-Rassion and large coverage spectroscopic
programme following the Euclid mission.

Design outline of the MOONS instrument as it vallide on the Nasmyth platform of the VLT. Imagetesy
of Michele Cirasuolo/UKATC and the MOONS Consortium

A third project, WEAVE", is designed to exploit Gaia’s scientific legagydds a prime
focus spectrometer for the William Herschel Tel@gc@WVHT). It will have a field-of-view
of 2 degrees and about 1000 fibres. It will provediew-resolution survey for radial velocity
measurements of stars that are too faint to berodddy the Gaia spectrometer, along with a
high-resolution survey to make accurate deternonatiof the metallicities and temperatures
of the bright stars observed by Gaia. The instrun®®R took place in early 2013, and the
start of the surveys should be in 2017, provideeadte funding is secured by all partners
(UK, Netherlands, Spain, France and lItaly).

The three projects nicely complement each othetttfem hemisphere, southern hemisphere,
wide coverage, deep exposures), as recommendechéycdrresponding ASTRONET
working group. All these projects should be readtween 2017 and 2020 and their
individual costs are estimated at about 40 to 50 M€

These projects also have a notable industrial agles as several concepts require industrial-
scale replication of precision optical, opto-medbal) electronic, and/or photonic modules,
thereby pushing the limits of current industrishgice.

Other projects are under study or in a developrmpbkase elsewhere; such as the Dark Energy
Spectroscopic Instrument, (DESI-formally Big BOS®) the 4m Mayall telescope at Kitt
Peak. This has a field-of-view of 3 degrees andO5flores. These other projects present

31 http://www.ing.iac.es/weave/
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opportunities for bi-lateral collaboration from Bpean countries, while within Europe, the
CALIFA®? survey of galaxies in the local Universe is undgrvon the Calar Alto 3.5m
telescope. To conclude, the landscape is now faerbian the situation at the time of the
writing of the initial ASTRONET roadmap, with wedldvanced projects and a well-defined
path to have several wide-field spectrometers gragon in the next 5 years.

4.2.2 Ground-based, medium-term (2016-2020)

4.2.2.1 The European Extremely Large Telescopel(E}

The E-ELT project, one of the top-two priorities i8anel B in the original Roadmap, has
matured since then. It is now a 39m diameter, ditperture phased telescope with an
internal Adaptive Optics system designed to proviear diffraction-limited angular
resolution in a 5 arcminute (scientific) to 8 aronte (technical) diameter field-of-view over
80% of the available sky (through the use of midtipatural and laser guide stars). The
wavelength domain is from Quh to 2Jum. This instrument-friendly facility should
accommodate at least six large focal stations Vet switchover in order to optimize its
scientific output.

Artists impression of the E-ELT on Cerro AmazomaSliile. Image courtesy of ESO/L.Calcada

A major milestone was achieved in late 2012 whenBEBO Council confirmed approval of
the E-ELT Programme. As of June 2014, ESO had mddaiirm commitments to support this
project from all of its member states and once Bies ratified its accession agreement to
ESO (currently progressing in Brazil's Congres® ERELT construction will commence in

> http://califa.caha.es/
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earnest. In the intervening time, preparatory goeibn work on the site is being undertaken
and long, lead-time items are being procured ireotd maintain the project timeline. The
construction cost is estimated to be €1.083M (2fdignhcial conditions), including the costs
for the first generation of instruments. First lighexpected around 2024.

In the USA there are two main giant optical/IR $el@pe projects: the Thirty Meter
Telescop?® (TMT), a collaboration of universities in Califéenwith Canada, Japan, China
and India, to be located on Mauna Kea; the Giang@lan Telescop® (GMT), a
collaboration of 8 US universities, Australia ar tUniversity of Sao Paolo, Brazil. The
construction costs for these two projects will beaficed by large private funds. See also
Chapter 8.2.1.

4.2.2.2 The Square Kilometre Array (SKA)

Artists impression of the low-frequency apertureagrof the SKA to be based in the Australian Musahi
region. Image courtesy of the SKA Telescope Orgtinis

Excellent progress has been made on this jointptapity project, which is now in a
preparatory development phase. The concept is Hoaerture synthesis radio telescope
achieving a sensitivity of at least 50 times thiatjpgraded existing radio arrays and survey

>3 http://www.tmt.org/

> http://www.gmto.org/
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speeds 10,000 times faster. The frequency covexdbextend from ~50 MHz to 25 GHz
(<50 MHz to ~14 GHz during Phase 1 of the develammeThere will be a central
condensation of antennas, with remote groups anaats located at distances up to at least
3,000 km from the core and connected to the cedttd processor via a wide-area fibre
network. Constituent technologies include phasedyarand dish reflectors used in various
combinations across the operating frequency band.

The SKA is a global collaboration, with Europe aigito be in the lead positiolm 2011 the
SKA Organisation was established as a legal eafity currently has its Project Office in a
new building at Jodrell Bank in the UK. The projeatrently comprises institutions from 20
countries: Australia, Brazil, Canada, China, FranGermany, India, Italy, Japan, Malta,
Netherlands, New Zealand, Poland, Portugal, RuSsiath Africa, South Korea, Spain, the
UK and US. The project now also has a Director anagjor milestone was achieved in 2012
with the selection of the site. A dual location bagn chosen; these are in Western Australia,
which will host the low-frequency SKA using the dpee array technology, and South
Africa, which will host the mid-frequency SKA empiag relatively small dishes.

The SKA is in a preparatory development phase. iiggging R&D has been carried out via
specifically funded design studies and will conério an international collaborative fashion
in workpackages defined by the SKA Organisation fmuaising on all aspects of the SKA
design. Regarding the timeline for the project, ylears 2014-2016 are foreseen to be a
detailed design and pre-construction phase. THisbeifollowed in the years 2018-2023 by
the Phase 1 construction activity; the initial @gphent (15-20%) of the array at low to mid-
band frequencies. Early science operations will ro@mce around 2020. In parallel, during
2018 to 2021 the Phase 2 design work will be ua#tert. Phase 2 will provide the full
collecting area of the array at low to mid-bandyérencies (~70 MHz to ~10 GHz). Full
science operations are projected to commence nestizan 2024.

| | l | | | | | |
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Timeline for the SKA Project, courtesy of the SKA.
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The target construction cost for the SKA is €1,500Me SKA Board has decided that Phase
1 will have a €650M cap to the capital cost of ¢arion. Operational costs of the array are
expected to be ~€100M/year. The European contdbub the construction and operational

costs will depend on the number of European caemitengaged in the project, but is

expected to be in the range of 50-60% overall. Fhase 1 design process, which is currently
underway, is supported through cash and in-kindritartions from the Member States of the

SKA Organisation

It now appears that the potential serious clashuonding of the SKA and E-ELT that was a
major concern for the Roadmap in 2008 has beerdasdhrough a combination of delaying
work (through natural causes for the SKA) and seghkidditional partners for funding (both).
In addition, both projects have benefitted frormgfigant EU funding.

4.2.3 Space-based, near-term (launch until 2015)

4.2.3.1 Gaia Data Analysis and Processing

Europe has taken the worldwide lead in astroméirgugh its very successful HIPPARCOS
mission. Gaia is a follow-up mission with greathhanced capabilities and was successfully
launched in December 2013. Gaia is unusual not @myits many orders of magnitude
improvement in performance compared to the custte-of-the-art, but also for the mission
structure. The community participation in the Gaigsion is almost entirely in software and
data processing, rather than the hardware instrtahprovision typical of ESA missions.

The direct Gaia data will be generated by the Dwtalysis and Processing Consortium
(DPAC), and will form a crucial data set for alltdue studies of stellar, solar system,
planetary system, and galactic astrophysics, asasgbroviding the distance scale for large-
scale structure and cosmological research. Somé8d0duals in 15 European countries are
involved in the processing, calibration and redutif the raw Gaia data, before it becomes
available for scientific analysis by the whole coomty. As noted earlier, it is vital that this
very substantial data analysis and processingteffast be sustained both during the lifetime
of the mission (up to 2020) and beyond, probabthafwther three to four years.

To exploit Gaia's potential to the maximum, theslige’s orbital position needs to be known
much more precisely than normal satellite trackiily deliver. To overcome this problem,
ground-based observations of the satellite’s pwsitieed to be organized throughout the
mission. This was a key recommendation from thgitmai Roadmap and arrangements have
now been put in place by ESA for the immediate rieitiut not yet for the whole mission
lifetime.

Recommendation 4.2: it is important that the deteation of Gaia’s precise position from
ground-based observations should be secured fototlak lifetime of the mission.

The main mission costs (€673.M in 2012 costs) aneered in the ESA Science budget.
However, to this the cost for the data reductiord amalysis and for ground-based
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observations needs to be added and this is noidad\wy ESA. ESA has subcontracted a
significant part of the data processing and analgstivities to an international consortium
(DPAC), which is funded by national funding agescithat have signed a long-term
multilateral agreement. The currently predictediltabsts to the national agencies for data
reduction and analysis amounts to about €15M/yE30 ETEs/year) over 14 years.

Recommendation 4.3: it is vital that national agee@nsure that adequate funding is
provided for data analysis to ensure that Europledst placed to maximise scientific return
from the Gaia mission

4.2.4 Space-based, medium-term (launch 2016-2020)

4.2.4.1 CHEOPS

CHEOPS (CHaracterizing ExOPlanets) was selecte®®# in 2012 as the first S-class
mission in the Cosmic Vision 2015-2025 progranwilt search for exoplanetary transits by
performing ultrahigh precision photometry on brigiérs already known to host planets. It
will build on previous work, like ground-based szaes for exoplanets and space missions
like COROT and Kepler and will determine accuraadiirfor planets known to be in the
super-Earth to Neptune mass range. It will alsovathe study of the mass-radius relation in
a planetary mass range for which currently few @atat. It will furthermore identify planets
with significant atmospheres over a range of plyemasses, distances from the host star
and stellar parameters. It will place constraimgossible planet migration paths, and probe
the atmospheres of known hot-Jupiters. Finallyiit pvovide targets for future ground-based
studies and space observatories.

As a ‘small’ ESA mission, CHEOPS will be a smalbspcraft with a total launch mass of
about 200kg in a low-Earth orbit (800 km). CHEORSailow-risk technology project and
launch is planned for the end of 2017, with a 2&rg lifetime. The estimated cost is €90M,
with a €50M ceiling for the ESA contribution.

4.2.4.2 EUCLID

The search for Dark Energy was a high prioritytfe original Science Vision and Roadmap
and it was gratifying to see EUCLID selected asEs& M2 mission for launch in 2020. It
operates with a visible imager and near-infraredgen/spectrometer and will combine the
Weak Lensing approach with the Baryonic Acousticillzdions (BAO) method. EUCLID
will have a 1.2 m telescope with a ~0.5 dégld-of-view, providing optical (550-920 nm)
images, near-IR (Y, J, H band) photometry and l@solution (R = 400) 0.8-1.am
spectroscopy. Over the 6 year mission duratiomwilit accumulate sub-arcsec resolution
images and photometry of ~1 billion galaxies andrn® spectra of a subset of abouf 10
galaxies down to H = 22 magnitude.

Technically, the key components of the missionduwih a significant heritage from other
missions and the technological risk appears gdydd except for the Ground Segment,
where the total amount of data and its proces®pgesent one of the main challenges of the
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mission. The other technological challenge is toetlgp an attitude control system able to
achieve 0.1 arcsec pointing stability over longqus of time.

While EUCLID is ESA funded to the sum of €606M, dgishal funding is anticipated from
national agencies to about €150M. ReceMMSA has announced that it will contribute to
the EUCLID mission as a minority partner, providihg IR detectors. This is an area where
Europe remains in need of urgent technology devedoyt, to ensure its own capability and
to foster European industry building on the exctlleeritage of optical detectors (e.g. Gaia,
LSST).

Artists impression of the EUCLID satellite set agsithe background of the Cosmic Web. Courtesysé¥ E

4.2.4.3 Space Infrared Telescope for CosmologlyAstrophysics (SPICA)

SPICA is a Japanese-led mission with a cooled (-5&)n telescope to follow-on from
Herschel, mainly undertaking spectroscopy overva-yiear lifetime. This project was in
ESA'’s program as a ‘Mission of opportunity’ and ESAontribution would be the Telescope
Assembly and a European Ground Segment. In additionationally funded consortium
would provide the SAFARI instrument, a cryogenigaltooled Fourier Transform
Spectrometer operating over the 30-2ith range. However, following a ‘Mitigation
Review’ in 2013 the resulting cost increases havghpd the ESA requirement into the M-
class category and so a new proposal for an Eumogeatribution to SPICA will be
presented for the next Medium Class Mission call, Mhich should be issued in late 2014.

The development of the SAFARI instrument involvésidstitutes from 11 countries (7 of
which are European). The key new technologiesilibe detectors (Transition Edge Sensors)
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and their coolers (Adiabatic De-magnetisation Refrator), both of which have a low
Technology Readiness Level (TRL) and still reqsignificant development.

4.2.5 Space-based, longer-term - M3 candidatea¢a2021-2025)

4.2.5.1 PLATO - Planetary Transits and OscillatiohStars

PLATO was submitted to ESA for the M2 launch butswaot selected. It was then
resubmitted as a candidate for the M3 mission aasl successfult will be a follow-up to
the COROT and Kepler missions but with enhance@luéipes allowing the detection of a
significant sample of earth-size planets and smates. PLATO will perform high-precision
monitoring in visible photometry of a sample of 80]000 relatively bright (\K 12) stars
and another 400,000 down to V=14, and will meanhgént requirements: a field-of-view
larger than about 300 de total duration of the monitoring of at leasar¥ preferably 5
years; a photometric noise < 8 x2@oal 2.5 x 18) in one hour for stars of V=11-12. This
data set will allow the detection and characteiorabf exoplanets down to Earth-size and
smaller by their transit in front of a large samplebright stars, while getting detailed
knowledge of the parent stars thanks to asteroséigimecal measurements. The ability to
detect planets around bright and therefore closestiays will provide targets for more
ambitious imaging and spectroscopic missions infatere. PLATO, therefore, can act as a
pathfinder for a downstream DARWIN-like mission €sé.2.6) or the Terrestrial Planet
Finder (TPF). As an M3 mission, PLATO will have @st cap of €508M from ESA and the
launch is planned for 2024.

4.2.6 Space-based, long-term (launch beyond 2025)

Several ambitious missions were in competition tfoe first round of implementation of
ESA’s Cosmic Vision Large Mission, the L1 missidimong them, two were based on space
interferometers, DARWIN for the study of terredteatra-solar planets, and FIRI, a submm
interferometer to study star formation and primakdjalaxies. Despite the excellence of the
scientific programs, they were not selected foressent as part of the L1 competition.
Nevertheless, in response to ESA’s call for sdienthemes that might be implemented
through L-class missions two proposals based orsd¢hentific aims of DARWIN and FIRI
were submitted for the L2/L3 slots. However, agaeither was successful and the next
revision of the Science Vision and InfrastructuaBmaps will need to assess their scientific
priorities.

A third mission was proposed for the L2/L3 slotthre Panel-B area; this was to carry out a
survey of the microwave to far infrared sky in bothensity and polarization, and, in

addition, measure its absolute spectrum. The samenent applies with regard to future

prioritisation.

Recommendation 4.4: long-term missions usuallyirequonsiderable study and technical
development and it is important that adequate fogadieeds to be provided by ESA and
National Agencies to support the preparatory R&Dh\ates in the future. Areas that require
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special attention are e.g. the development of lai@&-noise detector arrays, and the
development of techniques that will allow high En formation flying.

4.3 Continuing Facilities

4.3.1 2-4m-class Optical Telescopes

While the small & medium size facilities (SMFs) amet part of the large infrastructures
addressed by ASTRONET, they do have a role to playtheir own in supporting the
programmes of the Science Vision (see Section 23bklow). Optimisation of their
scientific impact and cost effectiveness was a kegommendation of the original
Infrastructure Roadmap along with the urgent needkfine a strategy for 2-4m telescopes at
the European Level. Accordingly, the European Tape Strategy Review Committee
(ETSRC) was appointed by the ASTRONET Board in do@tion with the OPTICON
Executive Committee to identify how Europe's medisize telescopes can best contribute to
the delivery of the Science Vision goals, and toppse how a suite of existing telescopes
can do so in a cost optimized manner. This par@leted its final report in March 2030

The cluster of telescopes on the Island of La PaPhato/image/video courtesy of the Isaac Newtoou@rof
Telescopes, La Palma

The ETSRC identified the most important classesliffervational capabilities to be in the
domain of wide-field astronomy, combining multiplexulti-object spectroscopy and wide-
field imaging in the near-IR and visible (as notibve also for the 8m telescopes). To
obtain a better definition of the scientific spesations for the wide-field spectrometers, the

> http://www.astronet-eu.org/IMG/pdf/PlaquetteT2_4m-final-2.pdf
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ASTRONET board, in co-ordination with the OPTICOMeEutive Committee, set up a
European Wide-Field Spectroscopy Working Group (W¥S) and the report was published
in September 20£1 The recommendations of this working group havenbeanslated into
several projects as discussed above (MOONS, 4AMOEWEAVE).

Facilitating international access to these mediire-s telescopes was another
recommendation of the ETSRC. This took place in ttamework of the OPTICON
Transnational Access program. Today, a single nateynal time allocation process offers
about 150 nights spread on 13 2-4m telescopestimtmmispheres. Time has been reserved
on the smaller (2m) telescopes to organize traisgggions for undergraduate and graduate
students. This was organised, in the frameworkhef @PTICON NEON schools (see also
Panel E).

Indeed, recent years have seen the start of a coorelinated approach to utilise European
(or partly European) mid-size facilities in astramg with specialisation of the 4m class
telescopes, open time for training young astronsnagrd transnational access to most of
these facilities (see Chapter 7). There is, howeselt room for more coordination and
optimisation and the situation is still far from affective pan-European organization of the
small and medium-sized facilities. Neverthelesgarnant steps have been taken in the right
direction and the first results are encouraging.

While this is a positive step, it is also cleartthaaumber of telescopes in this class are under
threat of closure or transfer of ownership. UKIR3stbeen transferred to the University of
Hawaii and negotiations are currently underwayaogfer ownership of the JCMT.

Recommendation 4.5: the future optimisation of2fen class optical/IR telescopes in
Europe requires further and ongoing work in ordemtaximise overall efficiency and cost
effectiveness.

4.3.2 8-10m-class Optical Telescopes

The Roadmap recommended that a study be estahlishddr the auspices of ASTRONET
with OPTICON, within the next 3-5 years to devebpong-term strategy for the scientific
exploitation of the 8-10m class telescopes and fiather investments into their
instrumentation. This is still awaited. Most of tleaergy at ESO and in the European
community has been spent on the delivery of thersegeneration instruments for the VLT
(X-Shooter, KMOS, MUSE, SPHERE), which should benpteted by 2016 with the arrival
of ESPRESSO, the end of the ALMA construction (eh#@014), and the consolidation of the
E-ELT design phase. Once the construction of tiid E-has started in earnest, the landscape
will be well defined for the next 15 — 20 years. ABTRONET working group addressing
the question of the 8-10m telescopes has begun. work

% http://www.astronet-eu.org/IMG/pdf/D26-Vsdef-2.pdf
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4.3.3 Optical-IR interferometry

Slow but steady progress has been made on thaliblyrehallenging technique of ground-
based optical-IR interferometry through the VLTlowkever, as the programme has met
significant challenges and new facilities have ayadr(e.g. Gaia) the decision was taken to
cancel the PRIMA facility and instead focus on emguthat the VLTI is ready for the two
new instruments, Gravity and MATISSE. The curreBiCEstrategy is to ensure the success
of these second-generation VLTI instruments andadwotinue with PIONIER for imaging
capabilities in the short-term. The longer-term elepment, such as additional ancillary
telescopes and/or extended wavelength coverage, sapported by unique science
programmes but will likely depend on the succesh@fsecond generation instrumentation.

Recommendation 4.6: A coherent long-term plan shbalestablished under the auspices of
ESO and the European Initiative for Interferomeduyring the coming two years. It should be
built on the realizations of Gravity and MATISSHE qnepare the future plans for enhanced
high angular resolution capabilities in the ELT eaad in complement to exoplanets and
stellar physics space missions.

A view along the Interferometric Tunnel, with tladg for two of the VLTI Delay Lines. Courtesy &&

4.3.4 Millimetre and Submillimetre Telescopes

The millimetre and sub-millimetre wavelength rangésy a key role in studying the ‘cold
universe’. The entire millimetre and sub-millimewavelength ranges can only be observed
from space. From the ground, the observationsesteicted to the atmospheric windows at 3,
2, and 1mm, and a number of sub-millimetre wind@xtending to below 0.3mm. Water
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vapour absorption lines are the primary cause Herdpacity of the Earth’s atmosphere in
these wavelength ranges, which are therefore Bpktited from dry, high altitude sites.

With Europe’s significant participation in ALMA, vith is now essentially complete, and has

already produced outstanding scientific resultsiopean astronomers have access to the
world-leading instrument for high resolution obsdrons in the southern hemisphere that

will address most if not all of the pertinent S\iegtions.

In addition, astronomers from France, Finland, Garym the Netherlands, Spain, Sweden
and the UK, are presently operating a number dimmetre and submillimetre facilities, most
of them at high altitude sites in Europe, Hawaii &hile, with several of them ranked as
world-class. These facilities have been built toveethe needs of the scientists in the
countries involved, but they also accept obsenpngposals from all across Europe and
indeed worldwide on a scientific merit basis. Whtiturope, access to these facilities is
supported by the EC under the RadioNet Trans Naitidiccess (TNA) scheme. These
facilities, owned by European institutions, com@ras number of single dishes, namely the
APEX telescope in Chile, the JCMT on Hawaii, theANR Pico Veleta telescope, the
Metsahovi and Onsala telescopes and the Yebesaekesall in Europe. In addition, there is
the Plateau de Bure Interferometer with its six ddiameter telescopes, to which four more
telescopes will be added in the coming 4 yearss ©Phase 1 of converting the PdB array
into NOEMA (Northern Extended Millimeter Array). NEMA will have twice the current
number of antennas and the length of the basehtiealso be doubled as well as the number
of spectral channels. This situation compares featdy with the situation elsewhere in the
world.

The IRAM 30m telescope at the
Pico Veleta site in Spain. Image
courtesy of IRAM

With Germany’'s participation in the SOFIA airbormdservatory, which is now fully
operational, observations can be performed acressubmillimetre and far-infrared range.
This is an important option for Herschel follow-gbservations and as a complement to
ground-based deep surveys and single dish obsemgatdowever, this facility is now under
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threat because of recent reductions on the NASAydild-or the future, the planned CCAT
telescope offers potential for European particgogticurrently only institutions in Germany
are members of this US-led consortium.

At millimetre and submillimetre wavelengths ther® still a lot of room for further
improvements by installing e.g. more sensitive, esidandwidth receivers, bolometric and
heterodyne receiver arrays with larger numbersixélp (like e.g. SCUBA-2), large format
arrays based on new technologies (e.g. Kineticdtashece DetectorKIDs), and much more
powerful spectral backends. Also, the softwaresdot data reduction and analysis need to
be developed further, especially in view of a gmyviuser community of non-specialists.
Institutes in France, Germany, the Netherlands,irSgweden and the UK are actively
engaged in such development work, which is paytslipported by the EC-funded RadioNet
project. However, although this sounds very positthere is a cloud firmly on the horizon
with the pull-out of the Netherlands and the UK &Tffom the JCMT, leaving the sole
European submm facility as APEX. A number of UKvarmsities are attempting to buy-back
into the JCMT to maintain access to the array softenstruments and to complete the
SCUBA-2 surveys currently underway.

Recommendation 4.@coherent long-term plan should be established utiteauspices of
ASTRONET and RadioNet during the coming two yéashould outline the scientific role of
each of the facilities mentioned above in the ALdvi# develop an access strategy beyond
the current Trans National Access (TNA) scenanma & should define the future investments
to be made on the basis of the scientific excedl@fithe projects that can be carried out.
This is very urgent as the future funding for sahthese facilities is currently under
discussion/threat.

4.3.5 Radio Observatories

European groups own and operate more than a dedem telescopes with collecting areas
larger > 500, and a number of smaller solar radio telescopless& facilities are located in
France (Nancay), Finland (Metsahovi), Germany (Eifferg+5 LOFAR stations elsewhere),
Italy (Medicina, Noto, Sardenia), Latvia (Irbendéhe Netherlands (Westerbork), Poland
(Torun), Portugal (Pampilhosa), Spain (Yebes), SwmedOnsala), United Kingdom
(Manchester, e-MERLIN). The European VLBI NetwoB/N) and LOFAR facilities both
involve several of these countries in addition.

Some of these dishes operate for some fractiomef &s part of Europe-wide networks. This
holds for LOFAR (section 4.1) and the EVN. with fp@pating telescopes in the Netherlands,
France, Germany, Sweden, Italy, Poland, Finland taedUnited Kingdom and in Puerto
Rico, China, Russia and South Africa respectiviety. VLBI, a central correlator facility has
been developed in Dwingeloo, and is operated byEJIWe Joint Institute for VLBI in
Europe, currently moving to an ERIC structure. TIZFAR data also requires a dedicated,
high performance central computing facility (red¢gntupgraded) because of the
unprecedented amount of radio astronomical dataettreated. A few of the facilities like
Metsahovi and Medicina are engaged in systematicitoring work, which is particularly
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important in view of the time variability of mangdio sources, including some that served as
flux calibrators.

A particular role for existing European radio fd@k arises in connection with the

preparation of the SKA. The European radio comnyuisitactively developing and testing

the new technologies that will be needed for thé& SKOFAR is, of course, one of the prime

examples of an SKA pathfinder for low frequenciesaddition, there is the phase array feed
(PAF) technology demonstrator project APERTIF (fuiinded via two NWO grants) that

will be installed on the Westerbork array. One gtyjie is already in place in one of the
telescopes and has delivered first data. Thresdepes will be equipped with PAFs in 2014,
with installation of the remaining nine PAFs exgettn 2015. In the UK the technology to

enable time and phase transfer across a fibre-optigork, essential for the operation of the
SKA, is being developed and tested on e-MERLIN. sehefforts have clearly begun to

attract and foster a new generation of radio astr@rs in many countries and provide a
solid basis for European interest and involvemenhée SKA.

International LOFAR Telescope (ILT)
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Locations of the International LOFAR Telescope.dmaourtesy of ASTRON

Following the recommendation in the original Roagnta review the overall situation of
European radio astronomy with regard to its intkomal competitiveness, and the options
for future developments, a review is underway untter auspices of ASTRONET in
coordination with RadioNet (ERTRC). Its findings Ilwbecome available in late 2014.
Similarly, the FP7-funded RadioNet3 project inclside workpackage to reflect on future
developments, the results also being due in 20l Ikssues for the radio astronomy
community will be (i) how to maintain and even sigthen Europe’s current position in radio
astronomy by new technical developments like thosmtioned above, (i) how to foster
even more cooperation between the existing gronpsder to optimise the use of existing
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radio telescopes, and (iii) how to attract and imea@n even larger fraction of the European
astronomical community in radio astronomical researThe necessary tools, including
access to the facilities and data reduction andysisasupport clearly need improved
coordination, and new organisational and fundingeswes will most likely have to be
invented for this, in addition to the funding negder Europe's participation in the SKA
project.

4.4 Perceived Gaps and Technology Developmerfidture Facilities

At present, there is no consolidated database wiregeing conceptual design activities, pre-
development work, prototyping and testing of newhtecal developments are registered.
Most of the ongoing activities become more widatpwn only when consortia are formed to
respond to an opportunity that opens up, e.g. byEG for Joint Development Activities, or

through Announcements of Opportunities (AOs) issue&SO or ESA.

Recommendation 4.8: before considering in any syatie manner perceived gaps and
technology developments, it seems desirable tdammfie creation of such a database, e.g.
through ASTRONET. This should cover developmeiitsfooinstrumentation and for
software.

In general, it seems clear that the technical remsdi of new projects at component, sub-
system and system level needs to be carefully sedlpefore taking the final decision to go

ahead with the construction phase. Pushing the fiRhigh standards obviously creates a

cost at a stage when the project is not yet fudlgficmed, and may indeed not be selected as
the next project to build, or at least be signifita delayed. This risk should be taken. The

advantages of having established a high level dirieal readiness before confirming a

project and starting its construction outweigh &ythe potential financial losses.

Recommendation 4.9: the preparatory studies for pejects should include a verification
of an advanced stage of technical readiness (TRiis will help to reduce the risk of
significant cost-overruns during the constructidrape.

As noted above, the need to continue very activ®Rébrk to improve the performance of
existing devices, e.g. in the area of infrared cdets and detector arrays, and to develop
enabling new technologies can only be emphasizeminagrhe funding mechanisms
mentioned are still limited and need to be developather. As it comes to full-scale
projects, it seems that many (if not all) of thetngeneration facilities will require enormous
investments. Even if they are conceived from eanhas global projects, Europe’s share will
be in the order of hundreds of millions of Eurassbme cases this is inherent to the project,
in others there may be room for economies of scatg by new approaches to risk
management.

Recommendation 4.1 is critically important that these technologgwlopments needed
for the future in terms of key parameters (e.ggéascale detector arrays) and high-tech
solutions are explored in close collaboration witldustry.
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In the broader context there is one area in whiehet will soon be a global gap, and this is in
the area of UV astronomy (from space). Currently ih supported by the HST, but this has a
limited lifetime as no future repair/service missowill be possible. Furthermore, apart from
the World Space Observatory (WSO-UY¥/)there are no UV missions on the near-term
horizon and so this is an area in which the scieagairements needs to be tensioned across
the opportunity and cost. This will be an areaafus for the next version of the Science
Vision and Infrastructure Roadmap.

4.5 Concluding Remarks

As described above, it can be seen that the lapdsta Panel B has changed significantly
since the initial Roadmap. Several of the projélatd Panel B had identified as high priority
projects that must be implemented in a timely marae either occurred (like Herschel,
Planck and Gaia), or their construction is neamogpletion and first science operations
have started - as in the case of ALMA and LOFARojéuts that were still in a
preparatory/study phases in 2007/2008 have in teantime been approved (like the E-
ELT), or they have come significantly closer td mpproval and funding (like the SKA). For
space projects, ESA’s selection of the tranche ddsions to be implemented in the
framework of the ‘Cosmic Vision’ programs has sfgaintly clarified the picture.

However, some of these missions stretch into tha heo decades before launch and
therefore agencies and communities need to dewlapegies to deal with potential long
gaps. This also goes for long-timescale groundebasejects. It is very important for all

future projects that adequate funds be spent opapméory activities, even at the risk that
some of them may fail or the respective projectendée implemented. Given that the final
approval of projects has severe consequences fifi $ears into the future, scientific
excellence must remain the primary selection daterbut technical readiness should follow
closely behind. This is mandatory for a realistitpiementation plan; both timewise and
moneywise (see also Chapter 8.2).

7 http://www.wso-uv.org/wso-uv2/index.php?lang=en
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Stunning composite image of a coronal mass ejedtiom the Sun as seen by the SOHA satellite. Image
courtesy of ESA
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5 Pand C: Solar Telescopes, Solar System Missions, L aboratory Studies

5.1 Introduction

The introductory text is still valid and much oétbescription of the near future has become
reality in the intervening years.

Ulysses has now ceased operation and the Solambgs@bservatory (SDO) was launched
in 2011. Partial archives for SDO data have bedabbBshed in Brussels (mainly AlA-
Atmospheric Imaging Assembly data) and Lindau (iiyai#iMI- Helioseismic and Magnetic
Imager data). These will become more generallylalvig in Europe through the EU funded
SOLARNET project (see 5.2.1.1). Among the achieveef the Cassini mission, a new
result is the unexpected discovery of many complgkrocarbon and nitrile species of very
high atomic masses in the ionosphere of Titan. NIB&/Curiosity rover, launched by NASA
in November 2011, has been successfully operatmghe Martian surface since August
2012, analysing the elemental composition and tireralogy of the Martian surface and
searching for possible traces of past life. The QUMission was launched by NASA in
August 2011 to approach Jupiter in 2016, with thee objective of probing its interior and
better understanding its origin.

Spectacular image of the Martian surface taken BYR®@ Express. Image courtesy of ESA/DLR/FU Berlin

The mission extensions recommended in the origkoadmap have all been realised and all
missions in operation have been extended untiletiek of 2014 at least. The ESA Science
Programme Committee (SPC) has also awarded extensm the operations of Cassini-
Huygens, Cluster, Hinode, Mars Express and SOH® ftd January 2015 to 81December
2016 subject to a mid-term review and subseque@ &bhfirmation in November 2014.
Separately, Venus Express operations have also édended into 2015 subject to a mid-
term review in 2014 as the fuel is expected toouhsometime within 2015. The originally
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planned launch dates for the future missions hppesl somewhat and currently the launch
of BepiColombo is not before 2016.

5.2 High Priority New Projects
5.2.1 Ground-Based, Medium-Term

5.2.1.1 European Solar Telescope (EST)

This is still the flagship and highest priority ot for European Solar Physics. The
conceptual design study was completed in 2011. iRgntbr the design and construction
phases is not yet secured but the EST project \sngdorward in spite of a difficult funding
climate in Europe. The EU FP7 Capacities project SRNET has received funding (€6M)
for 2013-2017. SOLARNET provides access to thetexjssolar observing facilities on the
Canary Islands for countries not owning the fae#it There is also funding for technological
development work and for streamlining data reduncpigpelines and providing data in a form
suitable for a solar virtual observatory; all ireparation of EST. The US equivalent project,
the ATST (see Chapter 8.2.3), is now under constmucThe recommendation in the original
ASTRONET Roadmap that EST should be included inB8E&RI list in the next revision is
again supported by Panel C.

Concept design for the EST. Image courtesy ofrtbiituito de Astrofisica de Canarfds

>8 http://www.iac.es/
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5.2.2 Space-Based, Near-Term
5.2.2.1 Solar Orbiter

Solar Orbiter has been selected by ESA as the M&iam for launch in 2017. This mission is
high priority for solar physics; it combines imagimnd spectral capabilities, in situ and
remote observing from the close vicinity of the Sun

5.2.2.2 ExoMars

The exploration of Mars is the top priority for tliiropean planetology community and
ExoMars is an essential part of it. However, theMars project has been reshaped several
times since 2007, not the least after the withdraf/&ASA from the project. The project is
now led by ESA and Russia. The first phase willide an orbiter and a descent lander and
is planned for launch in 2016, while a rover, dedoto exobiology studies, is to be launched
two years later. The objective is to search fort pagpresent signs of life by obtaining and
analyzing sub-surface samples extracted with & thilparallel, the NASA mission InSight,
to be launched in 2016, will be devoted to the wtatlthe internal structure of Mars, in
particular by seismology. As a next step, NASAusrently preparing a new rover mission to
Mars, Mars-2020. This mission is designed as agregpry phase for a future Mars sample
return mission, which remains the ultimate scienigective of planetary exploration.

Artist impression of ExoMars Rover on the surfac®ars. Image courtesy of ESA

5.2.3 Space-Based, Medium-Term

5.2.3.1 Cross-Scale
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Cross-Scale has not been selected by ESA for fudbmesideration. The science remains
important but there is no European mission to aehignis. In the USA, MMS is under
development by NASA for a launch in 2014.

5.2.3.2 Marco-Polo

Returning samples of extraterrestrial matter totlE& among the major objectives of the
planetology community for the decades to come. Agntre possible targets, near-Earth
asteroids (NEAs) are of major interest for bettgtlerstanding the origin and evolution of the
solar system, but also in view of potential hazassociated with them. They are also
attractive targets in terms of feasibility. The MaPolo mission, devoted to this objective,
was competing for selection as M3 in ESA but wast selected. Nevertheless, a sample
return mission from a NEA, like Marco-Polo-R, remsia high priority for solar system
science.

5.2.3.3 Titan and Enceladus Mission (TandEM)

Following the spectacular discoveries achievedhgy @assini-Huygens mission, defining a
follow-up mission devoted to the exploration ofafitand Enceladus was fully justified.
However, in the competition for the planetology mission, Laplace was selected instead of
TandEM, ultimately leading to JUICE. The conceptwkver, should appear again among the
long-term flagship projects.

5.2.3.4 LAPLACE

LAPLACE was selected to compete for L1 but was mked into the JUICE project when
NASA pulled out. JUICE has been selected as ESA’grlission for launch in 2022. The
mission will approach the Jovian system in 2030wilt include two flybys of Europa,
several flybys of Ganymede and Callisto and witlafly orbit Ganymede in 2032. JUICE
will address a broad range of planetary objectinelkiding an exobiology perspective.

Artist impression of the JUICE mission in the
Jovian system. Image courtesy of ESA/AOES
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5.2.3.5 Other solar system missions to be corsitlierthe frame of an L-class mission

Several solar-system missions were submitted iporese to the ESA call for ideas for
selecting concepts for the L2 and L3 missions ef@wosmic Vision program. Although none
was selected, in addition to the above-mentionessions several concepts were highly
ranked. The first is the exploration of the icyrgiglanets, which was perceived by ESA’s
Senior Survey Committee (SSC) as a first priorityview of both our present limited
knowledge regarding Uranus and Neptune (only eepldsy the Voyager missions in the
1980s) and the fast increasing number of Nepture-skoplanets discovered around other
stars. Another important mission concept selectethb SSC is the exploration of Venus,
with special emphasis on its surface and interior.

5.2.4 Space-Based, Long-Term

5.2.4.1 PHOIBOS

Probing Heliospheric Origins with an Inner Bound&pserving Spacecraft. This was not
selected for further study but many of the scientifbjectives are covered by the NASA
SolarProbe Plus mission.

5.2.5 Ongoing Space Missions with Probable Apgilice for Mission Extensions

Ongoing ESA-led space missions within the rempariel C (Cluster, Hinode, MarsExpress,
SOHO, VenusExpress) have all been extended torttie®e2014 with extensions for 2015-
2016 being in the budget but in need of confirnrattoNovember 2014.

5.3 Perceived Gaps
Radio spectral imaging of the Sun at centimetrmétre wavelengths

This is still a perceived gap even though solargimg with LOFAR and ALMA will go a
certain way towards fulfilling the science goals.

A medium-aperture (1-2 m) (extreme-) ultraviolegefige facility with X-ray capabilities

The Japanese Solar-C (1.5m) mission fulfils mosthaf science requirements of such a
mission. Following the 2010 ESA call for M-class dgiions, a team of scientists from
Europe, the US, and Japan proposed that ESA sHeatltl the development of a large
EUV/FUV high-throughput telescope feeding a sctenpayload of high-resolution imaging
spectrographs and cameras. This scientific paylsai be provided by an international
consortium with European, US and Japanese parfoeded by their respective national
agencies and institutes. In the proposed scherseintagration and test of the instrument
payload should be led by ESA with support from the&ernational consortium. This
instrument, proposed as LEMUR (Large European Medai solar Ultraviolet Research),
received a very positive evaluation by the ESA e advisory structure in the M-
missions evaluation.

5.4 Concluding Remarks and Priorities
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The original conclusions are still mostly valid sge the above for the update of individual
space missions. CrossScale and Marco Polo arengeran the competition but the science
these missions were to address is still of higbrfiyi.

In the near-term, ExoMars is the high priority nossfor the European planetology and
exobiology community, whilst in the long-term, tbelection of JUICE, which deals with all

aspects of planetology (internal structure, surfand atmosphere, planetary environment,
solar system formation and evolution, exobiologygets the priorities of a very large

community.

5.5 Recommendations

The original recommendations are still valid (armine are already implemented). The
process of updating the ESFRI roadmap was launich&gril 2014 and the recommendation
that EST should be included in the ESFRI roadmapghi next revision is therefore,

especially important, given the current fundingnate in Europe, but it is clear that this will
not be an easy process.

For the space missions, the above updates needpmpagated into a new recommendation.

Recommendation 5.1: the European Solar Telescopé&)(Ehould be included in the ESFRI
Roadmap in the current revision process.

5.6 Laboratory Astrophysics

There is a separate ASTRONET exercise addressisdi¢ld and so an update is therefore
not included here in detail. In summary, a twalvember European Task Force for
Laboratory Astrophysics (ETFLA) has been estabtishend a mid-term report to
ASTRONET on the establishment of a European Laboyafstrophysics Network was
completed in November 2033 It includes a major survey of laboratory astiygsits activity

in Europe. The field is growing rapidly in capgcitmpact and coherence driven by strong
demand for the best possible data for analysis stfomomical results and their
interpretation. However, it remains in need oh#igant investment. Notably, the Horizon
2020 programme ‘Integrating and opening existingional and regional research
infrastructures of European interest’ has iderdifieiropean Laboratory Astrophysics as one
of four keyStarting Communities the Physical Sciences

9 http://www.labastro.eu/
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6 Pand D: Theory, Computing Facilities and Networks, Virtual
Observatory

6.1 Introduction
This remains generally valid and good progressieas made on a number of broad fronts.

The need to be able to analyse massive spectresdafa sets is being reinforced with the
new ground-based survey instruments of 4AMOST, MOGNS8 WEAVE as well as the
current ESO VLT surveys in support of Gaia. Regagdhe requirement for supercomputers;
in addition to the actual hardware there is now tbeognition that the requirement for
complex and efficient algorithms has become evererpoessing in order to make use of the
exascale computing facilities anticipated for 20W8th the clock-speed of individual CPUs
basically being constant over the past decadeeaser of computing power goes along with
multicore vector-like structures. Exascale perfamogis anticipated to require parallelization
over more than 1 Million cores.

Considering the size of the current multi-dimenalogsimulation data sets, parallel, non-data
local algorithms also for data visualisation and@lgsis are required. It is also foreseeable
that in the field of simulations, even running widual simulations may become less and less
the task of individual people or groups. The tremay be that joint analysis of a few, very big
simulations, is undertaken by the community atdarg

6.2 The Virtual Observatory

The importance of ‘open data’ and e-Infrastuctu@stinues to be recognized by high-level
European and International bodies. Governmentsfamding agencies are promoting ‘open
data’ policies requiring that data obtained withblm funds be, in general, publically

accessible. The G8 Science Ministers have statsdtaf principles for open scientific

research dafdemphasising that data should be ‘easily discoveratzcessible, assessable,
intelligible, useable and wherever possible interaple to specific quality standards’, which
is in line with the recommendations of the ASTRONEdGadmap.

The EC formed a High-Level Expert Group on Sciéntibata, which produced the
influential report in 2010 entitled ‘Riding the wav How Europe can gain from the rising
tide of scientific data’. The EC supports a Digitafjenda Stratediy. The International
Council for Scienc¥ (ICSU) World Data System, founded in 2008, consehe long-term
stewardship of data for the international scienmmmunity. The Research Data Alliafite
(RDA), founded in 2013, is a major initiative fanaging research data across borders and

https://www.gov.uk/government/news/g8-science-ministers-statement
http://ec.europa.eu/ digital-agenda

http://icsu-wds.org

http://rd-alliance.org

55



disciplines. Astronomy e-Infrastructures are pragninin these organisations and astronomy
is recognized as being at the forefront for dataisly and re-use in this fast evolving field.

The architecture of the Virtual Observatory (VO3¥t&yn is now well established with a set of
core standards. It has progressed from an earlpylepnt phase in 2008 to an operational
phase, whereby the basic interoperability buildigcks have been defined and are being
implemented.

The relevance of the VO to European data centreslisestablished via the 2008 and 2010
Data Centre Census (conducted by EuroVO-DCA and\EDrAIDA). This provided a
snapshot of European astronomy data centres, figiegti69 data centres across Europe
covering all areas of astronomy. The census shohigllalevel of intent to implement the
International Virtual Observatory Allian€®(IVOA) protocols, and this is verified by the
European entries in VO registries. VO usage is laigimeasured by service query statistics,
although impact metrics are difficult to define whservices are being accessed transparently
via multiple tools and interfaces.

m ELH::IE-T
Aﬂn

s

> ®
Do "!

HVO Cavo

Members of the International Virtual Observatoryigice. Image courtesy of IVOA

IVOA remains the international coordinating body 0O, and now comprises twenty-one
organisations and VO initiatives. IVOA has maturad an alliance with established
procedures for setting scientific and technicabyties for development of standards aligned
with global member project priorities. Euro-VO contes to coordinate activities at the
European level.

6.2.1 Future Development of the VO

The Euro-VO AIDA project was completed successfully2010 and was followed by a
bridging project EuroVO-ICE (2010-2011).

64 http://www.ivoa.net/
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The EuroVO-CoSADIE (2012-2014) project is currenttefining the medium-term
requirements to establish a sustainable Europednal/iObservatory. The activities include
support to science users and data centres, codtiegbnological development of standards
and tools, and forming an education network. Co3ABuUpports the Euro-VO Science
Advisory committee, which continues to play an imtpot role with the capacity to define
European science priorities that are transmittethéointernational level through the IVOA
Standing Committee on Science Priorities.

Elements of the sustainability study include thechéo maintain VO registry support, VO

publishing tools, support to coordinated technalabjidevelopment, and support for

professional engagement via schools and worksh®pgernance and support models for a
sustainable VO are being developed in coordinatiibin Astronet.

Interoperability of tools via VO protocols has peovto be a major step forward leading to
significant improvements since 2008. This includesess to images, catalogues across
multiple distributed archives, the ability to parfobillion-object cross matches, and complex
gueries on large tables.

6.2.2 VO Compliance

Publishing tools and advice are collected by th©Avand include VO ‘layers’ and other
approaches. Critically, support for publishing néede made sustainable through ongoing
funding.

Another aspect of growing importance is the devalept of VO-like projects in several sub-

disciplines of astronomy, including planetary amdidgspheric physics, and the interest of the
high energy community, in particular CTA, for impilenting their data in the VO. The

development of the Virtual Atomic and Molecular B&entre, which includes atomic and
molecular data of high astronomical interest, dl@es advantage of the astronomical VO
framework.

6.2.3 Computing within the VO

Computing within the VO is now more often describederms of cloud computing. VO
interfaces for asynchronous queries and remoteepdrution are in place and various
implementations of VOSpace provides remote storage.

One of the new developments is the requiremensdpercomputing to operate some of the
big observational facilities of this and the nexcdde. For example, LOFAR, SKA and
LSST all depend on near-site, supercomputer—likbopaance for their data reduction and
data management.

6.3 Impact of the VO on Theory

The original statement that VO is both a challeage an opportunity for the development of
theory still stands in the regime of VO-compliardtatbases. However, there has been
definite progress; large, structured, and VO-coamtlidata-bases are very good examples of
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the increased usage of such theory VO-Tools. Amgka is in the area of simulations of the
large-scale structure of the Universe in the Mitiemn®® and Multidark® data-bases.

Image from the Millennium simulation of the Dark tiéa in the Universe at the current epoch. Courtethe
Millennium Simulation Project

The challenges of matching theoretical modellinthvabservational data will become even
more challenging with the increased availability leirfge, medium-to-high resolution
spectroscopic data from surveys like Gaia, MOONBIO&T and WEAVE, featuring
millions to tens of millions of spectra. This istpost because of the size of the data-set, but
the differing instrumental characteristics and ‘auztta’.

6.4 Astrophysical Software Laboratory (ASL)

Good progress has been made in this area and angogkoup has been established (Pl
Steinmetz 2011-2012, Klessen 2012-) in order to anakcensus of the codes used by a
substantial subgroup of the community. A totalafetome 40 codes has been identified that
are currently used by the astrophysical community Burope for high-performance
simulations in various fields of astrophysics. Abeight of these are sufficiently modular in

®  http://www.mpa-garching.mpg.de/millennium/

66 http://www.multidark.org/MultiDark/
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design that they can be seen as major internaticaxa@ework for simulation studies in the
field of astrophysics. Furthermore, there are aswmrable number of modules that are
designed to be incorporated in various applicatiéech of these libraries and framework
needs continuous maintenance and updating, souetst like the one proposed here is
desperately needed.

A plan for a future ASL has been proposed to th8 RGNET board. This foresees the key
role of a Director, in the function of a CEO, ae thain coordinator of the ASL. The Director

is supported by a project office. The projects sufgal by the ASL are selected by an
international peer review system for a limited amtoaf time (a few years). Support is at the
level of 1-2 FTE per project. Funding purpose avauation criteria include documentation,

optimization, portability, further development aasksistance to users. A regular reporting is
required for each project.

Recommendation 6.1: the ASTRONET Board needsdondee the status of the
Astrophysical Software Laboratory in the near-figtur

6.5 Computational Resources

This continues to be a high requirement in orderetmain competitive and within Europe
this has led to the establishment of the PRACEastfucture (Partnership for Advanced
Computing in Europe), networking, coordinating aopgtimizing the use of the major
European tier-O supercomputer centres.

6.5.1 Major Computers

On the high performance computing end, China hagldped as a major player, currently
operating the fastest supercomputer worldwide. dnegal there is a certain diversification
visible, indicating the fundamental need of higinfpenance computers for an internationally
competitive research infrastructure. Five of the ten machines are currently outside of the
USA (with 2 in Europe, 2 in China, and 1 in Japdnjleed, 16 of the top 50 machines are
located in Europe. An interesting trend is thattthtal performance becomes more and more
dominated by the highest performance machines0QI8250% of the total performance of
the top 500 was provided by the fastest 11 machinbge in 2008 (and the years before),
the top 60 machines were required on average.

However, one of the developments that is now dfcaliimportance is the infrastructural
support, where power consumption is a critical espé further development. The top 10
supercomputers have 5-folded their power consumptiadhe past 5 years (a factor of 3 for
the top 50 as well as the top 500). Along with poaensumption comes the problem of heat
dissipation and further infrastructural requirensent

6.5.2 Data Networks and Data Grids

Progress continues to be made in this area and &xanple LOFAR is using dedicated
high-throughput, point-to-point, links between thtations and the centralized computer
facilities. The trend for observatories and instemts to produce ever larger datasets from
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surveys in the petabyte category continues anctisen need for dedicated data facilities
distributed throughout Europe to provide accessil&\8ome activities in this direction are
underway (e.g. in UK and in Germany) there is nisedurther development to keep pace
with the data increase.

Recommendation 6.2: there is a need for continmegstment in dedicated data facilities
across Europe to keep pace with the data increase.

The BULL Tera 100 supercomputer for the French Ad¢dfnergy Commission. Image courtesy of Bull

6.5.3 Grid Computing

One of the developments is that the EU Commissimiiéd EGEE has developed into the
European Grid Infrastructure (EGI) and its nationahtacts (NGI). Further resources are
available through various providers in the areacloud computing, some of which are
operated by research institutions.

The existing HPC-oriented regional grid systems iwitbe CPUs and storage systems are
connected by Infiniband-4X links making these regiogrids resemble a high efficiency
medium-sized supercomputer have been meanwhilelapede and optimized. Nowadays
these not only cover supercomputing needs butptsade high-performance data-bases and
data servers (e.g. the GrayWulf design).

6.5.4 Screensaver Science

The original idea of ‘screensaver science’; usimg itlling cycles accessible via the internet
to undertake data analysis for a project, has b&panded in a number of ways, especially in
the area of ‘citizen science (see also ChapteN@)v, rather than pure remote data analysis
use of the host pc, the non-scientist users ofetlhesne computers are employed for mass-
analysis of astronomical, and now many other tyjetata. The data are made available to a
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community much larger than the core science groupthis is especially useful where the
pattern recognition of the human brain comes ih&y.pA prime example is Galaxy Zoo but
there are now a number of projects where classificaof astronomical (and other) objects
from a large survey is undertaken by the ‘citizeiestist’ on a home-pc (see Chapter 7.1).

6.6 Recommendations

Comments on the original recommendations are liseddw, while new recommendations
following from these have been listed above inrthespective sections.

(i) Relevant to the VO

The original recommendations 1, 2, 3, 4 remain Ijigblevant for the implementation and
sustainability of the VO with recommendation 3 (Tinérastructure established with EC
support will need to be sustained by the nationatling agencies to allow continuity of the
VO) being especially critical. Recommendations 8 &nhighlight the need for support of
modelling and simulation codes in particular foe tteroperability of theoretical and
observational data.

(i) Relevant to the ASL

All the original recommendations (1-6) remain hightlevant. Connections with other fields
of sciences and the experiences in applied mathesnaihd computer sciences need to be
further fostered, in particular considering varioumstiatives in the area of Exascale
computing. A funding and support model needs tediablished in order to set up the initial
ASL infrastructure and issue the first calls fooposals.

(i) Relevant to High Performance Computing anid&

All the five recommendations remain highly relevaRegarding recommendation 2, the
increasing gap between the top-tier and the nesdl Isystems (see above) needs careful
monitoring. In this context, the power consumptombined with rising energy costs will be

of key importance. Furthermore, this is not limitedtop-level computers, but also for those
systems further down in the pyramid of servicesgeamid-scale compute clusters already
put a considerable strain on the budget of unitiessand research institutions.

For recommendation 4, state-of-the-art data linkesd increasing fundamental importance
for the next generation of astronomy facilitiesaasl as for the accessibility and efficient use
of the various data sources.
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7 Panel E: Education, Recruitment and Training, Public Outreach

7.1 Introduction

Since the ASTRONET Roadmap was published in 20@8atiea of education and public
outreach has changed dramatically. As predictesl]riternational Year of Astronomy 2009
(IYA2009) provided enormous opportunities for thememunity. IYA2009 involved 148
countries and reached more than 800 million peoptar parties, public talks, exhibits,
school programmes, books, citizen-science progranrseience-arts events, astronomy
documentaries and parades honouring astronomytarathievements made IYA2009 the
largest science event so far in this century. [Y@2@ositively changed astronomy education
and public outreach in Europe. The community becaroee organised and more connected,
enabling pan-European collaborations and projects.

Additionally, the media landscape has also chardyadhatically; mainly in the form of a
broadening of the available communication vehictscial media networks like Facebook,
Twitter, Google Plus and Instagram are prolife@tiRurthermore, there has been a notable
shift in the profile of the information gatekeepdérsm being a select group of scientists,
authors, journalists and editors to the new cusatdrknowledge: the crowd. Social media
tools have grown from obscurity to almost uniforaiogtion with incredible rapidity and
popular services like Facebook and Twitter areféiveured knowledge sharing tools among
the new information gatekeepers.

In the new communication landscape there has beiftaboth upwards to high-bandwidth
video channels and to lower bandwidth mobile dey/ldee smartphones and tablets.

The difficulties of launching and sustaining pan-@ean projects have been clearly exposed
and result from: different languages; differenttards; different curricula and a lack of
sustained funding for operations (as opposed tartbee available seed-funding). Some of
these difficulties have been addressed, while stlive not. The translations issue for
instance has been partly addressed by the ESA yoDesk$’ and ESA ESERO Netwotk
along with ESO’s Science Outreach Netwdrkwhich, in the case of the latter translates
material such as press releases to the majorityeoEU Member States. It is, however, worth
noting that there is a considerable overlap ofreffand resources and that each solution is
meant to address the needs of a given agency anldenbigger European-wide problem.

Other changes have taken place. The demographitse darget groups have for natural
reasons- changed over the period. The so-called millesnfal generation Y) are now an
important target. They are accustomed to demarambrgwnership of the communication and
the process, and they want to be involved on tieems and be able to co-create during the
communication process.

* http://www.esa.int/ger/ESA_in_your_country/Germany/ESA_headquarters
68 http://www.esero.org.uk/
69 https://www.eso.org/public/outreach/eson/
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An example of this is the hugely successful citiserence projects that involve the target
audience in the scientific process and allow thenpdrtake in the discovery process. An
analogy to this is the equally successful crowdingdnitiatives. The overwhelming success
of ‘Galaxy Zoo’ (see Chapter 6.5.4) has spawneckaltly of new projects and is one of the
most spectacular impacts in the citizen scienceltaa been seen. The all-up project, called
Zooniversé® now encompasses science areas from astronomg twathral environment and
climate to biology.

Part of the tutorial about identifying asteroid®ofn the ASTEROID ZOO, which is part of the ZOONIMERS
Image courtesy of ASTEROID ZOO

If one could count the number of astronomy EPOugesss available on the web one would
be overwhelmed. Unfortunately, these resourcematevailable in different languages or
cultural adaptions. However, some efforts have lmeade to fill this gap. The ESO Outreach
Network translates and adapts news items, documerdshures, educational material and
presentations, specifically to promote and dissateiastronomy. ESA, Universe Awareness
(UNAWE) ™ and the Network for Astronomy School Education &' are using their own
networks to translate their own resources. IndE&f), ESA, UNAWE and NASE are setting
an example for others to follow in the future.

" https://www.zooniverse.org/

http://www.unawe.org/
https://www.iau.org/education/commission46/nase/
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Built on the success of IYA2009, the European-laticational programme Universe
Awareness (UNAWE) received a large grant under&beFramework Programme 7, which
enabled the project to support the implementatiosome of the Panel E recommendations
(1, 2 and 4). However, a sustainable funding moéelds to be identified to maintain or even
keep community-driven projects. UNAWE is now in fisal year before closing down a
hugely successful operation; delivering anothemwbio already operational projects. NASE
was born also in 2009 inside Commission 46 (Edaonatand Development) of the
International Astronomical Union (IAU). This prognane is integrated by IAU members
with the support of approximately 1,000 voluntearsl is giving support to some of the
recommendations of panel E (1, 2, 3 and 4), howeves also facing serious difficulties in
obtaining financial support for its actions.

Recommendation 7.1: in order to achieve a pan-Eeaopeducational activity using
astronomy as a theme for Science and Technologyresgongoing coordinated funding
streams in addition to start-up funds.

Recent initiatives from the European Commiséidrave been pushing for an open and
flexible learning experience through the use obinfation Communications Technology
(ICT) to improve education and training systemsgrahg them with the current digital
world. In parallel, the EC has been demanding aenogen publication process for research
(Open Access) and for the production of educatioredources (Open Educational
Resources). This will have an impact on future ceimy education initiatives. These
initiatives will need to provide easy and open asc& the resources and training, like
Massive Open Online Courses (MOOCS).

The Universe in a Box; a project from UNAWE. Imagartesy of UNAWE

7 http://ec.europa.eu/education/policy/strategic-framework/education-technology.htm
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It now seems clear that the need for a Europe-etaedination and consolidation of efforts
in education and public outreach is stronger thaer éefore. In addition to the ongoing
funding concerns there are the general pan-Eurogs@ects discussed above. Specific ideas
for the implementation (see also ASTRONET Task &r8)listed below and comprise a new
recommendation.

Recommendation 7.2:

1. Creation of a European-wide translations agetiat can serve as a service
to agencies and national entities
2. Creation of a European-wide Educational materegository (see 7.3.2.4
below)
3. Creation of a European-wide Teacher Trainingrage
4, Creation of standards for a “Top-10’ list of emtomical topics/concepts/

phenomena that students need to gptaaoted with at some point during
their primary or secondary studiesirtgoexamples might include: seasons;
Lunar phases; eclipses; tides; gravitye Sun as a star; etc.

5. Creation of a European-wide standardised edocedi resources (kits that
can be mass-produced and localised)

6. Creation of open access resources for imagdeog, and planetarium
content

The development of the next generation of instrus)emissions and infrastructures will be
one step further towards global astronomy. Thesgegtis will allow Europe to maintain its
leadership position in optical and near IR (OIR¥dxh facilities and its competitiveness at
other wavelengths and in space. Efficient traiminggrammes between the agencies and the
community will allow Europe to optimize its expedi and use its collective 1Q for the
development and operation of these facilities. M@ttms for ‘fast-track’ funding of science
programs using the large European facilities sheldmplemented. Access to small (2-4m
class) telescopes to graduate and PhD studenttddimacilitated through efficient training
programmes and schools. Astronomical Institutes as® encouraged to promote and
develop university nanosatellite programmes thatbtn professional training on high
technology programmes encompassing a broad ranggeuttific and technical skills.

7.2 Background

The original Panel E report contained ten specdemmmendations that can be divided into
two groups: those that seek to change the culhghbviour and those that require specific
funding initiatives. It has already been noted tinplementing both types have been very
difficult, the first because of the difficulty ofap-European working and the second due to
lack of funding. Nevertheless, this update repeftects the changes that have taken place in
the overall field, which have been especially driaenen the areas of communication and
outreach. As well as new recommendations, the raigiecommendations are discussed in
7.6. As such it is also anticipated that this Cagpnh common with others, has significant
overlap with the ASTRONET Workpackage 5.3 — implatagon of the Roadmap.
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Importantly, it should be noted that the new rec@ndations all require actions, but these
will only take place if ‘champions’ are identifigd lead the activity and funding is made
available to undertake these tasks. This is paatiguthe case for pan-European initiatives.
Otherwise, one is left with the situation that wehihaving great merit, many of these
recommendations will show little progress givenitiertia that is experienced when trying to
change cultures and systems.

7.3 Education

7.3.1 University Education and Recruitment

There is little to add to this section since théioal Roadmap publication. Astronomy

continues to be a popular course at universityeketgvel although it is interesting to see the
resurgence of recruitment into physics coursesulyer of universities offer special study
course or secondments to observatories, but tHer isom the norm. The debate about the
use of visits to facilities and observatories fecruitment and the use of facilities for training
of PhD students continues. Other points regardirgggection are picked up in the remainder
of the Chapter.

7.3.2 Primary and Secondary Schools

Currently innovation in education is moving in tlieection of teaching and learning through
the use of projects. Many institutions and schamie reworking their curricula in the

direction of involving students in specific projecto achieve a much more generalist
education. In this, astronomy offers a very speogortunity to introduce students to the
scientific thinking as a consequence of its appalstudents and also its intrinsic
interdisciplinarity.

Schools departments and teachers can use astrasentransversal relation to mix different
subjects in a common project in a natural way. Asstronomy is a very ‘visual’ science and
offers the opportunity to introduce science to stud in a simpler way than for other topics.
Finally, students are naturally interested and wadéd in astronomical content and this
provides a good opportunity for teachers. All obgh that have had the experience of
working in astronomy with students have reinforcb@ view that young people are

especially motivated by astronomy and space science

As an example, in 2002 ESO and the European Adsmtidor Astronomy Education
(EAAE) launched the ‘Catch a Star' progranifndn this, students, with a teacher guide,
choose an object or astronomical phenomena and bagisearch project to learn more about
it. They decide the direction of their researcle kKind of activities and when to finish the
work. It is a real research experience in the otass. Simultaneously, in 2002, the Spanish
version of this contest was initiated, called ‘Atbbpuna Estrella’. This was run by the
'Ciencia en Accion’ Association (CEA), which openeadsimilar contest to Spanish and

74 http://www.eaae-astronomy.org/cas/
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Portuguese speaking countries in Europe and thé&dwohis initiative introduced on-line
contacts between students from different countrésg their native language to explain their
researches. This opportunity is very useful forngest students in primary schools.

Catch a Star and Adopta una Estrella offer studiret®pportunity to enhance their learning
through project work to enable more autonomy inrtaetivities and to connect with students
of other European countries.

7.3.2.1. Teacher Training

Some progress has been made on teacher trainingthéorcareer and professional
development of teachers (theory, practical obsemg}l Several initiatives have
implemented teacher training programmes at the gaao level (and even at the global
level). At the Primary education level, the UNAWIoject developed and implemented a
comprehensive teacher training programme in 5 EBaopcountries (Italy, Germany, the
Netherlands, Spain and the UK). In total, 1,80@n@ary school teachers have been trained by
UNAWE from 2011-2013. At the secondary level, tidJI programmes Galileo Teacher
Training Programmes (GTTP) NASE and EAAE have been training hundreds oftteex

in Europe.

MH Galileo Teacher Training Program

A LEGACY OF THE INTERNATIONAL YEAR OF ASTRONOMY 2009
GALII.EO

Tember Tramne Prearem

The GTTP is a legacy of the International Year stfédnomy 2009 and is supported by the IAU

The GTTP is now part of an important research asligysupport project towards innovative
methodologies for science teaching and the introoincof real research experiences in
classrooms broadening the impact of the prograovés 2,000 schools in Euroffé”’® The
EAAE Association has been organising internati@moairses and summer schools from 1997,
initially in cooperation with ESO. These coursesl liieeen taught in English but materials
have been offered in the language of the host cpuBurrently EAAE, in cooperation with
NASE, has begun to organise national courses imadlsé country in their national language
and to generate resource materials in these laeguag

http://www.galileoteachers.org/
www.opendiscoveryspace.eu
Www.inspiringscience.eu
http://www.go-lab-project.eu/
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At the national level, several ongoing initiativesve been training teachers to use astronomy
in the classroom (e.g.: Haus der Astrondrh@ the National STEM Centre in the B
Hands-on research is now becoming a reality in mafiools. The International
Astronomical Search Collaboration is an extraondirexample of involvement of students in
such activities, since 2009 over 40 countries égdloin this project and more than 300
asteroids have been discovered by students. lIridleof radio astronomy, a network of
radio antennae have been built, solely devoteddiacaion by the European Hands-on
Universe Consortium.

However, a consolidation of these teacher traireffgrts across Europe is necessary to
maximise the reach and impact. The establishmeatEdropean-wide agency to coordinate
these initiatives could provide the necessary nwibpamework, resources, expertise and
evaluation methodology for a sustainable Europemm®teacher training programme.

Recommendation 7.3: a European-wide agency shauébtablished to coordinate teacher
training initiatives and to provide the necessaepwork, framework, resources, expertise
and evaluation methodology for a sustainable Euampeide teacher training programme.

Beyond the support to these teacher training effortestment in creating innovative and
sustainable solutions of science teaching is urg@éablets and smart-phones are now
common in student’s hands and will certainly bet pértheir future. Preparing students for
the world of work will necessarily mean being skl in the use of such devices.
Furthermore, the existence of large repositorieglaif, available to be used in classroom,
and the possibility of real research experienceslassrooms opens a very interesting
framework of possibilities for schools (see Chagdgr Training teachers to embrace this
methodology is a demanding task but an urgent awtgsary one. Astronomy is multi-
disciplinary in its essence and is therefore théepechoice to engage schools, educators and
students in a new trend towards contextualizedsagraficant teaching and learning. Indeed,
this is the specific main aim of the internatio@altch a Star contest.

7.3.2.2 Sky-observing Experiences

One of the main goals of IYA2009 was to promote esjglead access to the universal
knowledge of fundamental science through the exwate of sky-observing experiences.
Several countries have initiated programmes to meect children and teenagers with
nature®*. Initiatives like Dark Skies ParRéor the IYA2009 Galileoscope project are
promoting a widespread access to sky-observingrexqmes by students (and the general
public). Moreover the UNAWE programme created tHay§ound Human Orreries in

schools in Northern Ireland (UK) and the Celes8phere Playground Models in Spanish

http://www.haus-der-astronomie.de/en/
http://www.nationalstemcentre.org.uk/stem-in-context/professional-development
http://www.childrenandnature.org/ and http://projectwildthing.com/
http://www.darkskydiscovery.org.uk/dark_sky_places/
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primary schools. The use of robotic telescopes (GT®, PIRATE®, National Schools’
Observator$, etc.) in the classroom is now easy and accesgiblenost of the European
schools. Support in other languages is, howevearessary for these initiatives to reach the
widest European community.

Light pollution across Europe but showing there soene dark sky areas good for astronomy. Imagetesyr
of P. Cinzano, F. Falchi (University of Padova),[@ Elvidge (NOAA National Geophysical Data Center
Boulder). Copyright Royal Astronomical Society.

7.3.2.3 Consolidation of Astronomy Education in @&pe

Small progress has been made in consolidating xmers, lessons and best practices for
astronomy education across Europe. Some stepsdsheuimade towards this. A study on
best practices for astronomy education across Eusbpuld be made. This study should also
identify anchor points to introduce astronomy im+stzience-related subjects like history or
arts. Defining standards in astronomy educatiomals essential to create a common
framework to develop educational programmes, re&ssr curricula and evaluation
strategies. It is recommended to create a standaop-100’ list of astronomical
topics/concepts/phenomena that students need tacgeminted with at some point during
their studies (topics like the Sun as a star, Segdaunar phases, Tides, Gravity, etc.).

8 http://Icogt.net/
84 http://pirate.open.ac.uk/
8 http://www.schoolsobservatory.org/
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7.3.2.4 Web-based Distribution System for Educatidmaterial

Considerable progress has been made on this Bprently, the IAU launched an open-
access platform for peer-reviewed astronomy edocatictivities, astroEDES. This is a
platform that allows educators to discover, reviewgfribute, improve and remix astronomy
education activities, and offers a free peer-revéamwice by professionals in education and
science. AstroEDU also links its educational contefth existing European educational
repositories like Scientix. At the moment the matf is only available in English; it will be
necessary to allocate financial resources to expamglatform to other European languages
(the costs are estimate to around 0.2 FTE per Eygu Funding is also needed for
promotion to gain the necessary momentum and stppar the community.

Recommendation 7.4: funding needs to be providedable AstroEDU to be expanded to
cater for the entire European educational commugetension of the original
recommendation 1).
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7.4 Communication

7.4.1 Science Museums and Planetariums

8 http://astroedu.iau.org/
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There has been significant progress in this ar€®A Bnd ESO have each published 2
planetarium shows. It is worth noting that all tiese were done in collaboration with
commercial partners as there was insufficient fugdavailable to enable free use. ESO
provides some limited materials for free use imptariums and is ramping up to develop a
system for innovative distribution that allows atipanetariums to use open access content
from agencies and observatories. This is one offdbadations for the philosophy of the
planned ESO Supernova Planetarium in Garching igeldor 2017).

Recommendation 7.5: ASTRONET and funding agerfunesdsagree and push for open
access content to be made available for museumsglandtariums (extension of original
recommendation 6).

The selected software will provide a ‘menu’ thdbabk the planetarium presenter a daily
selection of interesting news and dataset prevmvenloaded overnight — planetary maps,
images of sky objects, tabular data, event data-etand mark the full datasets and metadata
(descriptions, web URLSs, licensing etc.) up for démad and for possible inclusion in show
segments during the day. Earlier ESO developmeitts this philosophy include the web-
based Portal to the Universe (see below) and ti ESwvs Kiosk.

7.4.2 Public Communication and Outreach

7.4.2.1 Funding for Public Communication and Outhea

Despite the recession it appears that the levebutfeach funding has only decreased
marginally. There is still a need to provide stgatelong-term support for public
communication and education in Europe, especigdbrational funding for existing and new
projects, and not only seed-funding (as in the cA&&NAWE).

There is still a need to organise communicationadepents that operate in a professional
fashion, i.e., by professional science communisatoorking with active scientists.

Funding agencies must increase the expenditureublicpoutreach activities to accompany
the research activities (STFC being a good exawipias).

7.4.2.2 Recognition for scientists involved in paldutreach

Little has happened to ensure clear, career-relesgognition for scientists who become
involved in public communication and to offer mettiaining course. The IAU Commission
55 Washington Chart&rcovers the former but not much has been donedmuyigate it in
Europe and thereby gain recognition for the fidldutreach in general. One of the problems
is the need to provide evaluation processes artérierito assist career development, peer
esteem and measurement of ‘impact’. PLOS ArticleeleMetrics (ALMsf® is providing a
mechanism to measure the impact of published relseanticles, including social media

¥ http://www.communicatingastronomy.org/washington_charter/index.html

88 http://article-level-metrics.plos.org/
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impact. But there is a need to develop metricotber Education and Public Outreach (EPO)
initiatives.

One form of recognition for researchers and aldcoasmy teachers could be a form of
certification, and perhaps this is something toswder in the future for a pan-European
approach.

Recommendation 7.6: ensure clear career-relevardgeition for scientists who become
involved in public communication. Provide, and amege scientists to utilise, media
training courses. The Washington Charter shoulgtmemulgated at all levels. Proper public
communication of astronomy entails the allocatibsufficient resources to secure an
adequate, sustained effort executed by professgm@hce communicators (extension of
original recommendation 7).

7.4.2.3 Creation of a standardised European sci@ocemunication portal for media,
educators, interested laypeople

There has been significant progress in this arba.YA2009 cornerstone project, Portal to
the Universe (PTTUY, was created in mid-2009 to address this exacmetendation, but
has not yet managed to attract the necessary fyndom the agencies for promotion,
marketing and further development to gain the reargsvisibility and momentum.

PTTU enables real-time access to content by agtneg@ulling) from providers of dynamic
content like blogs, images, news, etc. and distingupushing) to users, as well as indexing
and archiving, collecting and maintaining a centrapository of useful information.
Technology such as RSS feeds and standardised ateetathke it possible to tie all the
suppliers of astronomy information together withsiagle, semi-automatically updating
portal. The result is a technologically advancee siat brings together strands of astronomy
content from across the Internet. This enables mayaith a web connection to stay up-to-
date with cutting-edge astronomy and space sciersakthroughs.

7.4.3 Relationships with Industry

The construction of any major facility or instrumiealies heavily on industry. At one level in
the construction, this may not involve cutting-edgehnology, but in the area of control and
instrumentation, it absolutely will. It is in thigtter area that there is a clear dependence on a
close link and working relationship between cuttetge (beyond the state-of-the-art)
research, mainly carried out in university and goweent laboratories and the high-tech
industries that will often be required to take thésw-value TRLs (Technology Readiness
Level) to a production capability. The ability torfle a good working relationship with
industry is therefore vital for these new faciktie

8 http://www.portaltotheuniverse.org/
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There is another area in which industry has an mapo part to play and that is the strategic
value of certain components, so that Europe ishabiolding to a foreign party that can
dictate the availability and price of componentdrdred detectors for space (and to some
extent ground) is a clear example where currentisofe is dependent on the US, who can
then leverage scientific influence (e.g. EUCLID)dasso set the price and availability of
provision of components. While this has not beeaad problem so far, nevertheless, being
self-sufficient in this area is something that Epgdnas been striving for through various EU
initiatives. It is important that this concept isntinued through to a successful conclusion
(see recommendation in Chapter 5).

Integration of the hugely successful European eshiiologies CCDs onto the support structure forftoal
plane of the Gaia satellite at Astrium in Touloulseage courtesy of Astrium.

7.5 Exploitation of Facilities and the Impact oedrRuitment and Training

The 2008 ASTRONET Roadmap recommended that ‘fasktrfunding mechanisms be
implemented to support the scientific exploitatminthe large European facilities, enabling
young astronomers to be more internationally cortipetin large collaborations. Little
progress has been seen on this score as thisrisctugal issue that requires inter-agency (e.g.
ESO, ESA, national agencies) agreements to be avercClearly a balance needs to be
struck between individual peer-assessed programames major programmes that are
potentially world-beating but need access to a walgety of facilities to make the maximum
impact. ASTRONET remains the appropriate body toonmte this important
recommendation and make it happen.

It has long been recognised that small-class tepesc (1 to 2m) in regional observatories
have considerable value for the training of graduand PhD students. The 2008
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ASTRONET Report by the European Telescope Strat®geiew Committee (ETSRC)
recommended that formal graduate schools be maedain addition to resorting to graduate
and PhD students for carrying out the observationglaces where there are no telescope
operators. End-to-end projects, from instrumenetigyment or characterization, observation
and calibration, to data analysis allow studentgyév hands-on professional experience.
Summer schools (usually 1-week long) organized Gynetworks and science programmes
can complement regular training sessions from usityeprogrammes. Continued access to
these facilities should be maintained and encourdgehe agencies, enabling the training of
hundreds of students every year.

The past years have seen the development of uitwe@nosatellite programmes for the
training of students in high technology projecthe3e projects require expertise in a broad
range of domains, from project management to ogbéfohy, electronics, mechanics, thermal
control, etc. Student projects can be easily dgesloat moderate costs in specialised labs,
and can in addition provide valuable research dppdres, e.g. to raise the TRL of specific
components. Indeed, Europe is lagging behind theitJ$his domain, and astronomy
institutes with instrument development capabilitesild play an important role in promoting
and developing such projects.

The new large-scale projects discussed in the gmegeChapters of this document will
require the intellect and the expertise from th@Mlastronomical community across Europe.
The organisation of the community to work efficignon these projects remains to be
consolidated. As an example, the VLT instrumentaptan had a tremendous impact on the
ground-based astronomical community across Eurogising the level of technical and
managerial expertise across Europe. However, tperése in the OIR domain could be
consolidated and optimized, for instance througiioreal centres of well-defined areas of
expertise, somewhat similarly to the situation & mnd radio wavelengths (cf the ALMA
Regional Centred) or for space labs, which have highly complementzapabilities and
domains of expertise. Cross-training between tbesé&res of expertise and the main agencies
(ESO, ESA) would be highly beneficial to the comityiras a whole, raising the level of
expertise in the community and optimizing the depeient of the European projects and
missions. A better organisation of the community thg agencies on technical matters
remains an endeavour that would benefit the whammounity, avoiding unnecessary
competition (as was the case for the selectionhef M1 and M2 ESA Cosmic Vision
missions) while still allowing innovation to blosa@and excellence to prevail.

One must not forget the potential of using ‘oldleszopes and facilities as educational
devices. Even better is the use of visits to adtedities but as these are often quite remote,
time and cost become obvious barriers to seeing wheeal’ observatory can do (in this
context radio telescopes have an obvious advarteig located across mainland Europe).
There are a number of initiatives and competitiohat allow a very small group of
undergraduate students and school children to aifiibnt-line observatory but these remain

%0 http://www.eso.org/sci/facilities/alma/arc.html
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an extreme minority and in many respects should daetract from the mainstream
educational ethos.

European ARC nodes

~
un

Manchester
Leiden

] Bonn-Cologne
o

Ondfejov
ESO Garching ®

Grenoble
Bologna

The European nodes for the ALMA Regional Centr&C)Aproviding local help and support. Image cowtes
of ESO

The use of actual visits, secondments and usdescigpes remains one of the key themes in
recruitment, both to undergraduate courses and@lsome extent in the postgraduate career.
It has long been recognised that the ‘excitemehtiorking at a real observatory and
undertaking real-time observations gives a reatzband studies have shown that this is an
effective tool in recruitment. The use of robottescopes, often aimed at secondary schools,
gives that early edge to propel students into seiet university, perhaps even astronomy
degrees. However, robotic telescopes also have tingsedge place in observational
astronomy, being able to undertake a number ofepts] usually of a long-term or
monitoring nature, that are very hard to gain timreon main-stream, staffed and scheduled
facilities.

Following on from this theme an interesting condeptote is that more large-scale facilities
(space and ground) are now scheduling observingromessentially queue-based process;
scientifically ranked but executed according toilabaity or specific conditions (e.g. seeing
or water vapour content for ground-based faciljtidie ‘observer’ then need not be present
for their observations, a position long held foasp-based observations. This has an impact
on the staffing of the observatories and also entitaining of students. As the drive to make
facilities as productive as possible, this ‘remdtehd is unlikely to diminish and this raises
guestions as to the type of training that mightréguired. The ability to distil a scientific
guestion into an observational programme throughlgarithm that lends itself to a queue-
based and remote-user peer review application mystesomething that pedagogy will need
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to consider, rather than the long-distance trawgland the luck of the prevailing weather at
the telescope (albeit granted that this is onehefrmost exciting aspects of ground-based
observational astronomy).

The robotic Liverpool Telescopen La Palma offers opportunities for research,reath and educational
programmes. Image courtesy of R. Smith and thepided Telescope.

7.6 Summary and Implementation

All of the original recommendations still stand;wever, it is clear that progress on
implementing them has been less than ideal fororeasxpressed earlier. While progress in
the overall field has been huge, the pan-Europegech has made little progress, with
brilliant beacons from individual nations, orgamisas or agencies shining out from an
otherwise bland landscape. It is clear that withobampions’ to take these ideas forward
along with supporting funding, these ideas will e@mjust that. The new recommendations
listed above are designed to assist in the futapementation.

o http://telescope.livim.ac.uk/
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The Anisotropies of the Cosmic Microwave Backgroasdseen by ESA’s
Planck satellite

The CMB is a snapshot of the oldest light in ouivdrse, imprinted on the sky when the Universejusts
380 000 years old. It shows tiny temperature flatitans that correspond to regions of slightly diffet

densities, representing the seeds of all futunecstire: the stars and galaxies of today. CreditSAEand the
Planck Collaboration
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8 Fundingfor astronomy in Europe

8.1 Comparison with the previous Roadmap

One of the most difficult tasks facing the authofghe original Roadmap was determining
the available funding for the programmes under iclemation. This was for a variety of
reasons: multiple agencies in any one country;apeiorganisations; lack of information;
concern about providing medium-term forecasts thigiht have a political impact. Nothing
has changed and so a different approach is taken he

The assumption is that the ESA and ESO programmeegssentially fully funded for the
lifetime of this strategy. For ESO, the picturecisar for the bigger projects: construct and
operate the E-ELT, operate and upgrade ALMA,; ogesattd continue to upgrade the VLT
and VLTI; operate the two survey telescopes on rigdralong with ‘other’ facilities and
instrumentation. The Cosmic Vision strategy is rsmivwith S1, M1, M2, M3 and L1, L2 and
L3 missions approved. This stretches out the progra well into the 2030’s as far as L3 is
concerned. A future M4 is the only new mission twédl be considered in the timescale of
this Roadmap Update.

The SKA is a major, multi-national project and so the moment it is up to the individual
nations whether to participate. Securing an appatgparticipation by European nations in
SKA and guaranteeing the most productive acce€sutopean astronomers to that facility
depends to some extent on the structure and gawenaodel that the observatory ends up
adopting. This needs to be borne in mind by thefean nations involved.

In the realm of astroparticle physics, the two tapked projects (CTA and KM3NET)
currently do not have adequate funding for botipriaceed. These projects are funded by a
variety of sources, but national agencies being oihéhe key areas. Extensive work is
currently being undertaken to prioritise the prtgeand to seek additional sources of funding.

Therefore, moving away from the large-scale Eurog®ajects of ESA/ESO, the choices for
individual European nations boil down to opportigstto contribute to projects on the order
of a ‘few-millions of euros’ scale. This opportuninight be for self-contained, single nation
projects, pan-European projects, or contributi@enstilti-national, major projects (e.g. SKA,
LSST, CCAT). While this situation continues to lob&althy in terms of capital investment,
the ongoing (and rising) cost of non-capital prmns— research grants, training, facility
running costs etc, in the era of flat-cash budgetausing concern. As has been noted earlier
in this report, the need to close world-class fied to maintain within flat-cash could easily
result in a decline in European competitivenesshenglobal stage over the next few years.
The hope is that the new facilities coming on-l{eeg. ALMA) will more than compensate.
However, this may require some strategic directionbe undertaken within Europe to
maximise overall scientific productivity at the exyse of some national ‘treasures’. This will
not be an easy task.

In space, the rising costs of missions have lethéoconcept of ‘small’ (or Explorer-class)
missions. These offer more opportunities for bedat collaborations and with both India and
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China seeking to increase their space involvenvemich includes research satellites, therein
lies a further opportunity for Europe. An exampfewdich is the Millimetrori? project, a
Russian-based mission to undertake spectroscape ifar-IR region.

8.2 Comparison with other Strategic Surveys ofédmdmy and Space Science

The yardstick by which any astronomy roadmap igg@ais the so-called ‘US Decadal
Surveys®. The survey for Astronomy and Astrophysics hasw@eoing for over fifty years
since the first was published in 1960. The lastesywas released in 2010, entitled ‘New
Worlds, New Horizons in Astronomy and Astrophys{2610). There are also two further
‘decadal surveys’ pertinent to that of the ASTRONEGience Vision and Roadmapping.
These are for the planetary and for the solar gmades communities and are respectively:
‘Vision and Voyages for Planetary Science in thecddke 2013-2022 (2011)’; ‘Solar and
Space Physics: A Science for a Technological Sp¢€13)’. Although other countries have
produced strategic surveys (e.g. Canada with ‘Umgethe Cosmos: A Vision for Canadian
Astronomy 2010-2020 - Report of the Long Range P@n0 Panéf’) for comparison of
scale we shall only discuss those from the USA,evh then, focus more on the Astronomy
and Astrophysics area.

ew Horizens

in Astronomy and -ﬁstro%sics

The latest ‘Decadal Survey’ from the USA of 2010.

. http://www.asc.rssi.ru/submillimetron/mm/

http://aas.org/resources/decadal-surveys
http://www.casca.ca/lrp2010/11093_AstronomyLRP_V16web.pdf
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It turns out that the ASTRONET Infrastructure Roagnias, in fact, done exceedingly well
in comparison. The Decadals have always strictignbscience-led (like the ASTRONET
Science Vision) but a recurrent problem with pregidecadals (especially in Astronomy
and Astrophysics, which is used as a generic surveshat follows) was that the programme
turned out to be significantly more ambitious thiae funding available, especially in the
NSF and NASA domains. This was for two principagens: a general under-estimate of
project costs (and lack of rigorous assessmenthe$ef); an over-estimate of available
funding. Either of these would not be helpful teteategic plan, but when both are present,
the outcome is that a significant number of prgeemain unfunded at the end of the decade.
This led to a number of large projects being ‘@trover’ into the next Decadal, hence
curtailing the number of potential new projectsrtkRermore, while NASA fared much better
in this light, the very significant rise in the tas the JWST has led to severe problems in the
astrophysics space area (see below). Of course fuhdimg is strong, as it was in the US in
the 1990s, it is almost incumbent to propose araragie that exceeds the funds to some
extent. The ASTRONET process was well aware ofegh@®blems and so attempted to
recommend a programme that would fit within theilabde resources, or at least would be a
very modest over-projection.

Indeed, the 2010 Astronomy and Astrophysics Dec&daley attempted to counter the trend
of unstarted recommended projects aridigeamount of work was expended in the USA in
producing the final recommendations. Firstly, este@ community consultation and town-
hall meetings were undertaken to agree the saentiémes and priorities. Following this,
specific projects were then subjected to very estt@nreviews in terms of costs, timescales
and risks. The results from these were then fed b@o the recommendations in order to
attempt to have a programme that would fit withe &nticipated resources. Nevertheless,
some four years into the programme, it is clearttinere are still problems in terms of finding
sufficient funding to support the programme timelilAs noted above, one of the major
problems was always out of the control of the Datd&hnel; namely the large over-run in
the cost and timescale for the James Webb Spacescbgle (JWST), which surfaced
relatively late in the mission and which has hasigmnificant impact on astrophysics space
missions. Therefore, it is clear that projects needneet, or almost meet, their predicted
budget envelopes. Should they begin to exceed thigsdficantly, then unless additional
resource can be identified (e.g. through othemeas) then a scientific descope needs to be
considered and weighed against the opportunity @odelaying other missions (which often
results in an increase in cost for them). Thig;afrse, is always easier said than done.

Another problem facing the US Decadal Panels wasliaving a good handle on what the
future budget for their areas might be is far freimple (perhaps especially in the NASA
arena). It can be argued that this is an area wharepe (through for example ESA and
ESO) is in a much stronger position; where thetjoali process and resulting changes do not
usually have huge impacts on programmes, but ratledtia swings’ in the overall funding
profiles. This is contrasted with the USA, whereemtly the annual budgets have been
delayed notably — making long-term planning excegli difficult. A very interesting
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document to read is the ‘Lessons Learned in Ded@ldaining in Space Science: Summary of
a Workshop ( 2013 %°.

8.2.1 Decadal Survey recommendations - Astronamay/Aestrophysics

The recommendations from the latest round of Ddcadeveys in terms of projects and
technological developments were:

Large Space-based projects (in priority order):

1. Wide-Field Infrared Space Telescope (WFIRST)

2. New Explorer Missions — two medium, two small ahéeast four missions of
opportunity in the coming decade

3. Laser-Interferometer Space Antenna (LISA)

4. International X-ray Observatory (1XO)

Large Ground-based projects (in priority order)::

1. Large Synoptic Survey Telescope (LSST)

2. Mid-scale innovation programme (projects and instntation)
3. Giant Segmented Mirror Telescope (GSMT)

4. Atmospheric Cerenkov Telescope Array (ACTA)

Other recommendations (medium-scale funding):

* New Worlds (exoplanets) Technology Developmen&f@020 Decade mission

* Technology development for a mission to study theck of inflation (cosmic
background polarisation)

» Cerro Chajnantor Atacama Telescope (CCAT)

* Small-scale projects

In terms of the ASTRONET Roadmap, a number of th@sgects have parallel European
counterparts, suggesting the potential for dowastrecollaboration as the projects and
budgets pan out. WFIRST is a space-based, widé-figfrared survey telescope fitted with a
low-resolution spectrometer, performing some of shene science as EUCLID but in the
infrared as opposed to the optical. The currenelbas for the mission is called WFIRST-
AFTA, utilising an existing 2.4m telescope (largkan the original design anticipated for
WFIRST) to save costs and reduce risk due to puslWyaested hardware. This concept has
recently been endors®dLISA and IXO (with no timescale for launch or apyal) can be
seen as counterparts to the ESA L3 and L2 missespectively.

The top ground-based project, the LSST, does neé laa European counterpart, but the
VISTA (albeit a significantly smaller telescopekitdy has a number of years head-start on

% http://www.nap.edu/openbook.php?record_id=18434&page=1
% http://www.nap.edu/openbook.php?record_id=18712
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this project, and other survey facilities inclutie SDSS, DES and PanSTARRS. The LSST
is expected to receive construction funding sometim2014. Recently, there was a LSST
conference in Cambridge (UK) to assess intereBuimpean participation and the use of the
LSST for EUCLID follow-up is an attractive optiom@the enhancement of current plans for
data-centres in Europe is one of the ideas beimgupd. The call to set-aside funding for
instrumentation and project studies is interestimthat it demonstrates the need to maintain
‘headroom’ in programmes to allow technological @epments to be undertaken. This is
something that is echoed in the ASTRONET Roadmeg Ghapters 5 and 7). The GSMT is
an attempt to settle on governmental funding amgbasr for a giant telescope (e.g. the Giant
Magellan Telescope slated for a Chilean site aadrthirty Meter Telescope for Mauna Kea).
The ESO E-ELT is larger and more advanced in terfigsnding but the GMT and TMT are
confident of securing their construction fundinglahthis pans out, the GMT (the smallest)
may beat the E-ELT to first light. The ACTA telepeois closely linked to the CTA proposal
from Europe but its future is also dependent orlifog

The theme of technology development is again prechatith regard to a new exoplanet
mission in the 2020’s as well as to study the epothnflation, through Explorer-type
missions, balloons and technological developmeaotsaf future potential satellite cosmic
microwave background polarisation experiment. Th€AT project (a 25m diameter
submillimetre telescope on Cerro Chajnantor) doats have a European counterpart, but
some of the Germany community are heavily involirethe project and the opportunity is
available for others to join as funding for constion has still not been obtained (but see
8.2.4).

8.2.2 Decadal Survey recommendations — Planetaen&e

A key recommendation is to increase the cost ofiomeecale missions to $1B excluding the
launch costs and that NASA should select two missio the decade 2013-2022 to pursue
the following questions:

» Comet Surface Sample Return,

 Lunar South Pole-Aitken Basin Sample Return,

 Saturn Probe,

* Trojan Tour and Rendezvous, and

* Venus In Situ Explorer

The next mission in the series should address:

¢ o Observer,
 Lunar Geophysical Network.

In terms of large missions, the highest prioritythie decade was for the Mars Astrobiology
Explorer-Cacher (MAX-C), which is part of the NASESA Mars Sample Return
programme (including the ESA Mars Exo-Rover). Hoemvthis programme is very
expensive and there is a strong recommendationthigashould be cost-capped and that if
these cannot be verified, then the mission shoalddferred or cancelled. Negotiations with
ESA in overall cost reductions form a strong recandation of the Panel.
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The second priority for the decade is a JupitemparOrbiter (JEO), but again, the projected
cost is very high and the Panel essentially rexiéetheir recommendations for MAX-C

above, the costs need to be reduced or alternddigisions taken. The third priority mission
is the Uranus Probe and Orbiter missions and agahould be cost-capped.

The above shows the tremendous pressure that ti®@ANAIdget has come under and that
projects ‘at any cost’ can no longer be approvetitaat hard decisions (through descopes or
collaborations) need to be taken in order to mas@mtihe overall programme and
opportunities. The committee also recommended gbhejects to be included should the
budgets be increased, or funding becomes available.

8.2.3 Decadal Survey recommendations — Solar padeSPhysics

This survey took a more strategic approach andesddd themes rather than specific
missions, although individual missions are notduaer&fore, it is much harder to compare to
the Roadmap and the other Decadal surveys. Initeghstthe top priority on NASA and the
NSF was to complete the current approved programimexperiments and missions, this
includes the collaborative Solar Orbiter (ESA) naesto be launched in 2017 and the Solar
Probe Plus (a 2018 launch), which will make thstfuisit to the solar corona to discover how
the corona is heated, how the solar wind is acatddr and how the Sun accelerates particles
to high energy.

The second priority was to implement what is calleel ‘DRIVE’ mission. This stands for
Diversify, Realize, Integrate, Venture, and Eduratel is aimed at both NASA and the NSF.
Specifically it means that the agencies should By observing platforms with
microsatellites and mid-scale ground-based asBeiljze scientific potential by sufficiently
funding operations and data analysis, Integrateerobyy platforms and strengthen ties
between agency disciplines, Venture forward witherste centers and instrument and
technology development, and finally to Educate, enwgy, and inspire the next generation of
space researchers. These themes were also very imdink with those expressed in the
ASTRONET Science Vision document, albeit not soidlyc expressed. There are two
specific recommendations within DRIVE: fund the Adeed Technology Solar Telescope
(ATST) — a US counterpart to the European SolareSape; and to create a new
competitively selected mid-scale project fundingeliin order to enable such projects and
instrumentation for large projects. The ATST is nlmwded and is in the advanced stage of
construction on Haleakala, Hawaii and has some faao (UK) involvement.

The third priority was to accelerate and expand hbBophysics Explorer programme to
allow a better mix and more frequent deploymensmofll and mid-size Explorer missions.
The Report also makes a number of recommendatidhgegard to space-weather but these
are not reproduced here.

8.2.4 Decadal recommendations — progress

Because the latter two Decadals have just been letedp it is more instructive to focus on
the Astronomy and Astrophysics Survey, being raeldgast two years after the ASTRONET
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Roadmap. It is clear that things have been difficuthe USA due to the squeeze on budgets
following the economic crash of 2008 and the diffigolitical situation in the government.
In terms of the major ground-based projects, gangness has continued on the LSST and
construction funding is expected sometime in 2(# & in both the NSF and DOE budgets.
The same is true for the funding of the GSMT; whit¢h the GMT and TMT are progressing
with design work and fund-raising, how the NSF wibintribute to a single large optical/IR
telescope remains unclear. The design work corgifmreCCAT, but again, the construction
costs have still not yet been found. However, gg@sal for this funding has recently (March
2014) been submitted to the NSF Mid-Scale InnowatiBrogram (itself a recommendation
from the Decadal Review). As noted previously, ldrge increase in costs for the JWST has
hit the NASA astrophysics programme hard; howevke Solar System and planetary

programmes seem to be in a relatively better shegmecially with the small and medium
missions.

8.3 How has the ASTRONET Roadmap fared — cornmhssi

ASTRONET

The ASTRONET
Infrastructure Roadmap:

A Strategic Plan for European Astronomy

The original ASTRONET Infrastructure Roadmap ptigiisin 2008 has stood the test of time well.

The conclusion is that for a number of reasonsitfi@structure Roadmap has been very
successful in comparison with those previously fiibk USA (i.e. before the latest Decadal
Survey). This is not because the Roadmap was wardbitious in its scope, but because of
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two points: the programme was costed to be ‘do=abled more importantly, the political
situation and funding has been more stable in Eutbpn in the USA. This latter point has
had bigger impacts in the USA, especially where ynaf the missions are not as
international as those in which Europe is involvEdis is highlighted by the fact that ESA
and ESO essentially have control over the finaremakelope of their programmes (which are
expected to be stable over the medium- to long-tdua to the political process within
Europe). The key is then matching the scientifissitins espoused through their own
processes as well as the ASTRONET Science Visidnl@nastructure Roadmap processes.
It is interesting to note how the ESA Cosmic Visigmrogramme has now set the path for
long-term planning for missions, especially thdlyeaajor (large-scale) missions, well into
the 2030 window. However, it should also be notet 8 major perturbation to the NASA
astrophysics programme was the massive cost onerfrihe JWST — see later.

Where programmes do not fit within the ESA/ESOd#glthen the situation is much more
akin to the USA, where multi-national European fimgdneeds to be obtained (always a
slower process to match national aspirations ardfydts) or EU specific funding (another
slow process). This is an area where the fluctnatio annual national budgets for capital
and recurrent costs along with the inherent inBtalaf the process accompanied by a higher
degree of risk take a toll on longer-term planning.

The astroparticle physics field is an area, whioha number of nations, does not have an
individual and separate ‘home’ within the fundingeacies. While to some extent this has
been compensated for within Europe by having a Hamwpean organisation
(ASPERA/ApPEC), nevertheless, the competition fording between the top-two projects
(CTA and KM3NET) means that either significant doiaial funding needs to be identified,
phasing introduced, or competition will see on¢hein fall by the wayside.

86



9 The Roadmap Update conclusions and recommendations

9.1 Introduction

As can be seen from the preceding work, the originfrastructure Roadmap has been
extremely successful in identifying the medium #ade projects and giving some order of
priority and timescales so that the funding envelajfows the maximum number of projects
to be undertaken. The Roadmap compares extremaytably with the equivalent from the

USA because of the financial and political stapildf the two major pan-European

organisations, ESA and ESO. This light-touch updgteerally confirms all that was said in
the original Roadmap and presents an up-beat repdhe general state of the new facilities.

The economic downturn at the start of the decadeergdly slowed the pace of the new
projects but had a more marked impact on the npitadabudgets of nations. The need to
fund research grants and personnel, maintain trgiand provide additional funding for new
facilities has meant that there is a squeeze orotivgoing’ national programmes. This has
manifest itself in reduced research grant awardgin@y research activity, personnel,
experiments and instruments) and a tension againgling to maintain existing facilities.

The ASTRONET review of the small and medium-sizéaaf/IR telescopes has produced
some clear recommendations and a strategic ovengiewow urgently needed of the radio
and submillimetre regimes through the ASTRONET pssc

Below we present theriginal recommendations from the Infrastructure Roadmap the
newones from this Update. The numbering sequenceth&recommendations correspond
to that in the original Roadmap and this Update.

9.2 Panel-A
9.2.1 Original Recommendations

1 Panel A sees both the CTA and KM3NeT as hakigly priority, the latter due to its
potential proof of principle of detecting and diagmg TeV neutrino sources, and the former
having somewhat higher priority due to its moreverocapability for astrophysical

discovery.

9.2.2 New Recommendations

3.1: ESA and national agencies need to plan ford¢tention of key skills and key teams for
the long lead-time missions of Cosmic Vision.

3.2: strengthen multiwavelength collaborations thgh dedicated programmes and grants

3.3: continuing R&D technological research actiggiremains of paramount importance to
maintain European leadership in the field of higlesgy astrophysics

3.4: in view of the excellent health of the XMM-kmwand INTEGRAL missions, this panel
feels confident to strongly endorse, yet againy t@ntinuation. Moreover, this panel
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welcomes the outcome of the recent NASA SenioewRewhich has approved the
continuation of SWIFT and Fermi operations for begw 2 and 4 years.

9.3 Panel B
9.3.1 Original Recommendations

1 Considering the enormous scientific value afesield spectrographic surveys and their
under-representation compared to imaging initiativee recommend setting up a working
group, under the auspices of ASTRONET, with OPTIC@tth the task of (i) developing
the top-level requirements of the surveys, (initfying implementation options on a
European scale, (iii) establishing the merits ekthoptions with a trade-off analysis and
proposing an implementation plan to provide a figcibr the whole European community in
the 2015-2020 time frame.

2 ltis clear that longer-term missions such asiain and FIRI will require considerable
further study and technical development. More arisl funding than is available today
must be provided to support the preparatory R&Dvaies in the future. Areas that require
special attention are, for example, the developrotlarge, low noise bolometer arrays and
the development of techniques that will allow hgglcision formation flying.

3 That a study be established, under the auspfc®STRONET with OPTICON, within the
next three to five years to develop a long-terratstyy for the scientific exploitation of the 8—
10 m-class telescopes and for further investmentisair instrumentation.

4 A coherent long-term plan for the existing Eurapenm—sub-mm facilities should be
established under the auspices of ASTRONET togeitierRadioNet during the coming
three years. It should outline the scientific rofeeach of the current facilities in the ALMA
era, develop an access strategy beyond the cuméhiscenario, and it should define the
future investments to be made on the basis ofdiemtfic excellence of the projects that can
be carried out. Also, this plan should give a caghpnsive answer to the question of how the
European astronomical community can best be suggbtintough software development,
training courses and other activities to optimieegcientific exploitation of ALMA.

5 That the full plan for the future optimisationdause of existing radio facilities in Europe is
developed by ASTRONET in conjunction with RadioMating 2010.

6 That upcoming FP7 calls and subsequent Framelmagrammes provide similar
opportunities for forward-looking collaborationstiveen academia and industry in the
preparation of advanced observing facilities

7 Given the growing interest in the potential ofgy plateau astronomy, Panel B urges that
further European studies be carried out that banldhe current detailed focus of ARENA on
Dome C and broaden the picture to include compl¢éangopportunities at Dome A and
Greenland. The aim would be not only to identifggé scientific questions that would
benefit most from a suitable facility placed onadgp plateau, but would also further explore
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the logistical and financial implications, as wasl liaise with the appropriate national and
international polar operators.

9.3.2 New Recommendations

4.1: ESA, the EU and national agencies should askitlee potential for a more coherent
funding arrangement for the exploitation of sciBatdlata from space missions.

4.2: it is important that the determination of Gaig@recise position from ground-based
observations should be secured for the total hfietiof the mission.

4.3: it is vital that national agencies ensure thaequate funding is provided for data
analysis to ensure that Europe is best placed teimiae scientific return from the Gaia
mission

4.4: long-term missions usually require consideeastiudy and technical development and it
is important that adequate funding needs to beipgex/by ESA and National Agencies to
support the preparatory R&D activities in the futuAreas that require special attention are
e.g. the development of large, low-noise deteat@ya, and the development of techniques
that will allow high precision formation flying.

4.5: the future optimisation of the 2-4m class cgifiR telescopes in Europe requires further
and ongoing work in order to maximise overall e#fincy and cost effectiveness.

4.6: a coherent long-term plan should be estabtisineder the auspices of ESO and the
European Initiative for Interferometry during theming two years. It should be built on the
realizations of Gravity and MATISSE and prepareftitare plans for enhanced high
angular resolution capabilities in the ELT era aindcomplement to exoplanets and stellar
physics space missions.

4.7 a coherent long-term plan should be establisheceutite auspices of ASTRONET and
RadioNet during the coming two years. It shouldioetthe scientific role of each of the
facilities mentioned above in the ALMA era, develomccess strategy beyond the current
Trans National Access (TNA) scenario, and it shagfine the future investments to be made
on the basis of the scientific excellence of tlwggats that can be carried out. This is very
urgent as the future funding for some of thesdifi@si is currently under discussion/threat.

4.8: before considering in any systematic mannecgieed gaps and technology
developments, it seems desirable to consider #mtion of such a database, e.g. through
ASTRONET. This should cover developments botingtnumentation and for software.

4.9: the preparatory studies for new projects shdatlude a verification of an advanced
stage of technical readiness (TRL). This will itelpeduce the risk of significant cost-
overruns during the construction phase.

4.1Q it is critically important that these technologgwlopments needed for the future in
terms of key parameters (e.g. large-scale detet@ys) and high-tech solutions are
explored in close collaboration with industry.
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9.4 Panel C
9.4.1 Original Recommendations

1 To keep the European leadership in solar physidsproperly address key questions in the
Science Vision it is important that the EST is ierpkented as early as possible. Given the
previous design efforts (LEST, ATST and the ongdtRy pre-design project) the
technology readiness is high and the EST shoutdlasncluded in the ESFRI roadmap in
the next revision. Among the medium cost, spacedasojects, we recommend the
implementation of Solar Orbiter, Cross-Scale anddddolo, in this order of priority.

2 A medium-aperture (1-2 m) (extreme-) ultraviclatellite facility with X-ray capabilities
to study fundamental solar processes that cannsiuioéed from the ground is a long term
goal of high priority. Necessary near- and mid-testeps towards such a future mission are
technology studies of UV polarisation optics angi¢éaformat UV detectors and the
application of the relevant technologies in smaéis space projects demonstrating the
scientific capability of solar UV magnetometry.

3 Finally, one should emphasise the key role gldyeEurope in the field of planetary space
exploration, which has emerged over the past deddds is illustrated in particular by the
success of Cassini-Huygens, Mars Express and \lexuress, as well as the first round
selection of several planetary missions following €osmic Vision Announcement of
Opportunity. In the near term, ExoMars is the hpgiority mission for the European
planetology and exobiology community. In the mml{dng-term, both TandEM and
LAPLACE are top priority missions devoted to theéeyplanets and their environments.
Both missions (one of which is to be selected fwthfer consideration by ESA in 2009) deal
with all aspects of planetology (internal struciigerface and atmosphere, planetary
environment, Solar System formation and evolutiany] also have implications for
exobiology. They are strongly supported by the whm¥&netology community.

4 It is proposed that laboratory astrophysics @ognes outlined above be accomplished in
practice through:

(i) New European Laboratory Astrophysics Netwonssdfically dedicated to fundamental
laboratory experimental, interpretative and companal research and modelling, and
database provision for spectra, cross-sectionstiogarates, analogue materials etc. This
includes provision of funding to cover running cofdr experiments and postdoctoral
researchers. Part of the implementation could tigh ASTRONET joint calls.

(i) Individual laboratories in Europe funded thghucompetitive awards including funding
for laboratory astrophysics instrumentation.

(iif) Introduction of a European Research and Tewddri-ellowship programme of jointly
held positions that will enhance contact betweéoratories and will complement the
objectives described by Panel E (see Chapter 7).

These three initiatives constitute a strategic pdacoordinate and synchronise joint efforts of
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separate laboratories, the principal objective gpéinincrease the size and efficiency of
research in laboratory astrophysics for the bewéfiuropean astronomy.

5 We also strongly recommend development of a ntigdicated European facility for
analysis and curation, particularly for sample metmissions. Samples returned from, e.g.,
Mars need to be quarantined until their biologitature and safety has been determined. A
thorough discussion of these factors and risksasgnted in the 18328/04 ESA Report,
reference CR(P4481). Given the precious nature@di samples, it is essential that the most
up-to-date analytical techniques are availablé@éfacility. Coordination on a European
scale is vital to the success of the facility.

9.4.2 New Recommendations

5.1: the European Solar Telescope (EST) shoulchtleded in the ESFRI Roadmap in the
current revision process.

9.5 Panel D
9.5.1 Original Recommendations

1. Provision of a public VO-compliant archive shibble an integral part of the planning for
any new facility. We recommend that data centresige science-ready data.

2. Providers of astronomical tools should make tM&acompliant so they can easily talk to
other VO tools and can be accessed within the V@r@mment.

3. The infrastructure established with EC suppaltt meed to be sustained by the national
funding agencies to allow continuity of the VO.

4. The development of the VO should be coordinatéth evolution of the generic e-
infrastructure, and that evolution should refléwt domain-specific needs of astronomy.

5. To prepare for the challenges posed by largeegar multi-wavelength astronomy and the
VO, modelling codes need to be made modular.

6. Substantial investments are required in softwhia simulates mock data with the
observational biases inherent in current and futacdities. Publication of such software in
VO-compliant form should become an integral parhefconstruction of any instrument.

7. Given the growing importance of sophisticatedwations for the future of astronomy,
funding of theory must not fall far behind that yided for observational facilities.

8. Increasingly astronomy will depend on codes Hrat too complex to be written from
scratch by students and post-docs, and astropbtgstbroughout Europe must have access to
state-of-the-art standard codes. These codes sheuldgarded as essential infrastructure on
a par with major observational instruments.

9. A laboratory without walls called the Astroplgali Software Laboratory should be
established to coordinate and fund software devedop and support, user training, and to
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set standards. Training and development fundingldvowake it possible for codes to remain
at the cutting edge of the field for extended pasidDevelopment funding would also ensure
that supported codes conformed to modular stang#ndsASL would be the catalyst that

enabled the community to establish these standards.

10 Code authors supported by the ASL should beritied to the open-source model.

11 The ASL would have an important role in nurtgrihe next generation of theorists and
codes, both by funding postdoctoral positions witta programme of pan-European
networks, and by supporting the development of vatige codes.

12 The ASL committee will select a few highly cortifpee astrophysics projects each year
to send proposals to the European pan-scienceigiogbmputers; this will ensure a
significant share of CPU hours at the petascalel iew astronomy.

13 The human resources required for the ASL arenattd at 50 FTE/yr. This number
includes scientists who are already funded at tt@mal levels, plus a core of researchers
(estimated at about 20 FTE/yr) to be funded at pema level, and who will be responsible
for the ASL'’s activities and organisation. The AShould be financed by the national
agencies: a specified percentage of each agengebsidould be reserved for it.

14 Astronomy should continue to benefit from HPEsalence centres, and share the efforts
to develop and increase continuously their perforeea in order to be at the forefront of the
international competition.

15 The development of the top-tier HPC centres lshioot slow down that of the lower tiers:
the whole pyramid of computers at different scat@sional and local, is absolutely necessary
to satisfy all computing needs.

16 Astronomy must exploit the grid infrastructureorm widely, and contribute to the
expansion of the capabilities of its middlewarepanticular for data processing.

17 Data links within Europe and to the outside @waréed to be kept abreast of advances in
technology. The VO is likely to require a differerdtwork architecture from that put in place
for LHC science.

18 The possibility of using billions of otherwis#ie processors for scientific calculations is
now real, and could revolutionise data modellingtrénomy should lead the way in this

area, either by exploiting its popular appeal tb @BU owners to donate spare CPU cycles,
or by initiating a classical market in such cyclése ASL could possibly coordinate this

activity, which could have a significant commerapln-oft.

9.5.2 New Recommendations

6.1: the ASTRONET Board needs to determine theisstat the Astrophysical Software
Laboratory in the near-future
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6.2: there is a need for continued investment idickted data facilities across Europe to
keep pace with the data increase.

9.6 Panel E
9.6.1 Original Recommendations

1 Create new and support existing training couizethe career and professional
development of teachers, which include practicaleobations, modern topics and examples.
Courses and conferences for teachers from difféarapean countries should be promoted
and attendance must be accounted for as teachmeg Tihe Ministries of Education should
encourage and facilitate attendance at such events.

2 Encourage schools to use their playgrounds as-ap&stronomical observatories
equipped with simple devices. Interested orgamsatshould actively lobby governments
and other relevant bodies to minimise light potiatto facilitate the appreciation of the sky
throughout Europe. It is important that teacheespaioperly trained to teach astronomy both
in the classroom and (in a hands-on manner) outkidag day and night. It is becoming
increasingly possible for schools to gain accesshotic telescopes. Such opportunities
should be publicised and their exploitation encgaca

3 Encourage European stakeholders involved in dpuel educational programmes and
curriculum delivery to realise the inspirationakbtjty of learning using astronomy-related
exercises and experiences, and how this may lefgith®r engagement in science,
technology, engineering, and mathematical endea¥aurpupils in the latest key-stages,
dedicated astronomy courses should be offeredaat bptionally.

4 Implement a centralised, web-based distribusigstem for educational material in a range
of languages. This system will collect the necgssdormation, make it universally
accessible and help lay the foundation for a comastronomy programme in Europe.

5 Active steps should be taken to forge links betwscience museums/planetaria and the
European Agencies (ESA/ESO), the principal prodagrhigh quality media and related
resources in astronomy.

6 Adequate strategic long-term support must beigea for public communication and
education in Europe. Firstly, observatories, latwras and all facility-funding authorities
should allocate sufficient resources for public cmication and education. As a useful
benchmark, this would amount to at least a fewqygrof the overall budget (1-2% is
sometimes quoted as a good starting point). Follemiastitutes, it should be understood
that a threshold investment must be reached tdemaatuccessful communication effort.
Secondly, public communication of science is sulfi@the same competitive pressures as all
other kinds of public communication. Hence commatian departments must be organised
and operated in a professional fashion, i.e., bygssional science communicators, working
with active scientists (see recommendation 7).dfiras strategic management tools,
communication departments must be placed at octtjirknked to the highest levels of the
institutional scientific hierarchies.
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7 Ensure clear career-relevant recognition faergcsts who become involved in public
communication. Provide, and encourage scientisiiliee, media training courses. The
Washington Charter should be promulgated at a#ll&Proper public communication of
astronomy entails the allocation of sufficient ne®es to secure an adequate, sustained effort
executed by professional science communicators.

8 Support the creation of a standardised Europei@mce communication portal for media,
educators, interested laypeople and others. Thialmhould promote best practices and
requirements for public communication with a pariéc awareness of the spectacular image
material produced by astronomical research act{aityg whose production is currently
dominated by the US), on multimedia products (ationa, video podcasts, etc.) and engage
the community in its continuous growth.

9 Create an international network of experts ant®logy transfer which organises an
annual audit of technology transfer activities ider to increase the visibility of the
industrial relevance of astronomy.

10 Large-scale, potentially high impact astron@hiesearch in Europe generally has to go
through a “two-hoop” process for the allocatiorfagfility time and the support of analysis
and publication. We propose that a way is foundsifig the high quality peer review process
already operated by the facilities to provide “fastk” funding for suitable projects, so
enabling them to be internationally competitive afhtligh value for training. These projects
are likely to use multiple facilities and may bengguropean and pan-continental in nature.

9.6.2 New Recommendations

7.1: in order to achieve a pan-European educaticalvity using astronomy as a theme for
Science and Technology requires ongoing coordin&teding streams in addition to start-
up funds.

7.2: 1. Creation of a European-wide translations agetitat can serve as a service
to agencies and national tegi
2. Creation of a European-wide Educational materggository (see 7.3.2.4
below)
3. Creation of a European-wide Teacher Trainingrage
4. Creation of standards for a ‘Top-10’ list of Bmtomical topics/concepts/

phenomena that students need to gptaacted with at some point during
their primary or secondary studiesitgoexamples might include: seasons;
Lunar phases; eclipses; tides; grauitye Sun as a star; etc.

5. Creation of a European-wide standardised edocedi resources (kits that
can be mass-produced and localised)

6. Creation of open access resources for imagdeog, and planetarium
content
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7.3: a European-wide agency should be establishambbrdinate teacher training initiatives
and to provide the necessary network, frameworkoueces, expertise and evaluation
methodology for a sustainable European-wide teattaéning programme.

7.4: funding needs to be provided to enable AstidE® be expanded to cater for the entire
European educational community (extension of thgireal recommendation 1).

7.5: ASTRONET and funding agencies should agreepast for open access content to be
made available for museums and planetariums (exterd original recommendation 6).

7.6: ensure clear career-relevant recognition faremtists who become involved in public
communication. Provide, and encourage scientistsitiise, media training courses. The
Washington Charter should be promulgated at alkelsvProper public communication of
astronomy entails the allocation of sufficient nes®s to secure an adequate, sustained
effort executed by professional science communmgatdextension of original
recommendation 7).
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