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Part of the multi-wavelength universe 
Ø central region for many processes 

OIR Astronomy 
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radio to gamma rays. In this strategy, OIR
astronomy plays a central role. Almost every
new astronomical source, whether discovered by
radio telescopes on the ground or by infrared,
ultraviolet, X-ray, or gamma-ray telescopes in
space, must be observed by ground-based OIR
telescopes to understand its physical nature and
significance.

Conversely, observations with ground-
based OIR telescopes are essential for the
efficient use of far more costly telescopes in
space. For example, the Hubble Space
Telescope (HST) has a very nanow field of
view and can observe only a tiny fraction ofthe
sky. We can realize the full benefits of the
HST's superior image quality and unique
ultraviolet spectroscopic capability only if we
identiff its targets on the basis of extensive
studies with ground-based OIR telescopes.
Moreover, the HST will image distant sources
so faint that their spectra can be measured only
by ground-based OIR telescopes offar greater
aperture. The same considerations apply to
other NASA programs under development, such
as the NICMOS infrared instrument on HST, the
Space Infrared Telescope Facility (SIRTF) and
the Stratospheric Observatory for Infrared
Astronomy (SOFIA) infrared telescopes, and the
Advanced X-ray Astrophysics Facility (AXAF)
X-ray telescope. Even ignoring the scientific
discoveries enabled by OIR telescopes alone,
NSF's $40 M annual expenditure to support
ground-based OIR astronomy can be justified
easily on the basis ofthe enhanced scientific
yield from NASA's $800 M annual funding of
space astrophysics.

The AASC report pointed out that major
opportunities to address fundamental cosmic
questions will be enabled by new technologies
and instrumentation for ground-based OIR
telescopes. For example:

o How do stars form? Telescopes equipped
with modern infrared instruments will be
able to observe newly forming stars that are
enshrouded in dust clouds from which
optical light cannot emerge. The images
will reveal the morphology of the disks and

jets around these stars, and the spectra will
tell us about the gas temperatures,
velocities, and magnetism that control the
star formation dynamics.

Ilhat is the origin of the heavy elements in
the universe? Astronomers believe that the
heavy elements are formed as a result of
nuclear reactions in stars, particularly in
their final convulsions as novae and
supernovae. Surveys with2- to 4-meter
telescopes will find many more of these
events, and large telescopes will obtain
detailed spectra, particularly at infrared
wavelengths where newly formed elements
are most apparent, to confirm and enrich
this theory. With powerful new
spectrometers, astronomers will be able to
understand better how the products of
supernova nucleosynthesis are dispersed
and built up in stars, galaxies, and
interstellar and intergalactic gas.

How many stars have planetary systems?
With infrared telescopes, astronomers will
be able to detect and image disks of dust
particles around stars from which planetary
systems are believed to form.

How do galaxies form and evolve? With
large optical and infrared telescopes,
astronomers will be able to find newly
forming galaxies at high redshifts and learn
about their dominant physical processes.

ll/hat powers the central engines of active
galaxies and quasars? Are they
supermassive black holes? Do many other
galaxies, including the Milky Way, also
contain quiescent black holes? If so, what
are the environmental conditions that
determine the rich variety of phenomena
associated with quasars and galactic nuclei?
To answer these questions, astronomers
need to observe many galactic nuclei with
OIR telescopes having high angular
resolution, broad spectral range, and
polarimetric capability. The coordination of
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A plethora of facilities 
Ø Optical-Infrared ground-based telescopes up to 40m 

aperture 
•  surveys, interferometry, synoptic programmes  

Ø mm and sub-mm telescopes 
•  ALMA, NOEMA, SMA, APEX, Planck, Herschel, SOFIA 

Ø Radio telescopes of all sizes covering many frequencies 
Ø Space-based telescopes 

•  Gaia, HST, JWST, Euclid, WFIRST-AFTA 
•  Spitzer, Kepler, CoRoT, Cheops, TESS, PLATO, SVOM, … 

Ø X-ray sky available through  
•  XMM/Newton, Chandra, eROSITA and Athena 

Ø Gamma-ray sky 
•  INTEGRAL, MAGIC, HESS, CTA 

Bright Present and Future 



Science Themes 

Similar for most observatories 

Defined in several communities 

Ø Astronet Science Vision(2007) and Roadmap (2008)  
à recent updates (2013 and 2014, respectively) 

Ø ESA Cosmic Vision 

Ø National decadal reviews 

Ø Special publications 
•  ESA-ESO working group reports 
•  Specific fields (e.g. Connecting quarks with the Cosmos) 
•  Various reviews specific by wavelength 

80 

 

China seeking to increase their space involvement, which includes research satellites, therein 

lies a further opportunity for Europe. An example of which is the Millimetron 92
 project, a 

Russian-based mission to undertake spectroscopy in the far-IR region. 

8.2  Comparison with other Strategic Surveys of Astronomy and Space Science 

The yardstick by which any astronomy roadmap is judged is the so-called ‘US Decadal 

Surveys’ 93
. The survey for Astronomy and Astrophysics has been ongoing for over fifty years 

since the first was published in 1960. The last survey was released in 2010, entitled ‘New 

Worlds, New Horizons in Astronomy and Astrophysics (2010). There are also two further 

‘decadal surveys’ pertinent to that of the ASTRONET Science Vision and Roadmapping. 

These are for the planetary and for the solar and space communities and are respectively: 

‘Vision and Voyages for Planetary Science in the Decade 2013-2022 (2011)’; ‘Solar and 

Space Physics: A Science for a Technological Society (2013)’. Although other countries have 

produced strategic surveys (e.g. Canada with ‘Unveiling the Cosmos: A Vision for Canadian 

Astronomy 2010-2020 - Report of the Long Range Plan 2010 Panel 94
’) for comparison of 

scale we shall only discuss those from the USA, and even then, focus more on the Astronomy 

and Astrophysics area. 

 

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

 

                                                            

 

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

93   http://aas.org/resources/decadal‐surveys 

94   http://www.casca.ca/lrp2010/11093_AstronomyLRP_V16web.pdf 
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Radio Astronomy in Europe: 

Up to, and beyond, 2025

A report by ASTRONET’s 

European Radio Telescope 

Review Committee
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Nature of Gravity 
Ø strong gravity à Galactic Centre 
Ø weak gravity à Dark Matter, Dark Energy 

Stars and Galaxies 
Ø formation, evolution, baryon cycle 

Other Worlds 
Ø characterisation of exo-planets and exo-planetary 

systems 

Transient Sky 
Ø variability as signature of physical processes 
Ø discovery enabled through many (near-)all-sky surveys 

Major Science Topics 



European Science Vision (2007) 
•  How do stars form?  
•  Do we understand stellar structure and evolution? 
•  What is the life-cycle of the interstellar matter and stars? 
•  How do planetary systems form and evolve? 
•  What is the diversity of planetary systems in the Galaxy? 
•  How did the Universe begin? 
•  What is Dark Matter and Dark Energy? 
•  Can we observe strong gravity in action? 
•  How do supernovae and gamma-ray bursts work? 
•  How do black hole accretion, jets and outflows work? 
•  What do we learn from energetic radiation and particles? 
•  How did the Universe emerge from its Dark Ages? 
•  Where are most of the metals throughout cosmic time? 
•  How were galaxies assembled? 
•  How did our Galaxy form? 



European Science Vision (2007) 
•  How do stars form?  
•  Do we understand stellar structure and evolution? 
•  What is the life-cycle of the interstellar matter and stars? 
•  How do planetary systems form and evolve? 
•  What is the diversity of planetary systems in the Galaxy? 
•  How did the Universe begin? 
•  What is Dark Matter and Dark Energy? 
•  Can we observe strong gravity in action? 
•  How do supernovae and gamma-ray bursts work? 
•  How do black hole accretion, jets and outflows work? 
•  What do we learn from energetic radiation and particles? 
•  How did the Universe emerge from its Dark Ages? 
•  Where are most of the metals throughout cosmic time? 
•  How were galaxies assembled? 
•  How did our Galaxy form? 
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OIR in the 2020s 
Exquisite angular resolution 
Ø 40m telescopes, interferometry 

Deep (all-)sky information 
Ø LSST and Euclid 

Deep infrared observations possible 
Ø JWST 

Dynamic Milky Way and Local Group 
Ø Gaia and spectroscopy 
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Thousand of planet candidates 
Ø Transient searches 

•  WASP, HAT, CoRoT, Kepler, NGTS, Cheops, PLATO 

System to follow-up alerts from other wavelengths 
and messengers 
Ø Optical surveys 

•  Pan-STARRS, Zwicky Transient Factory, LSST 
Ø X-rays, radio 
Ø Gravitational waves and neutrinos 

OIR in the 2020s 
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Transients in the 2020s 
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Complementarity of the different methods 
Ø radial velocities, direct imaging, transits 
Ø needed for full characterisation of masses, densities, 

atmospheres, formation scenarii 
Ø Cheops, PLATO, HARPS, ESPRESSO,  

NIR spectrograph 

 Coordination of the different facilities will be 
essential 

Planets in the 2020s 
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Move towards a systems approach 
Ø Big problems need coordinated observations 

•  Milky Way dynamics  
à Gaia astrometry plus velocities and abundances 

•  Cosmology  
à EUCLID and redshifts 

•  Particle Physics  
à messengers and electromagnetic follow-up 

Ø Several astrophysical problems need observations across 
the electromagnetic spectrum 

•  High-energy astrophysics 
•  Complex astrophysical sites  
à e.g. star formation regions, SN remnants, galaxy clusters, 
distant universe 

Strategic Changes 
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Facilities are part of observational system 
Ø Ground-space coordination (next talk) 
Ø Coordinated observations at many telescopes 

•  Multi-wavelength programmes 
–  ALMA - optical synergies 

»  star/planet formation, distant universe 
–  radio - optical synergies 

»  non-thermal and thermal universe 
•  Exo-planet search and characterisation 

–  timed photometry, spectroscopic monitoring,  
multi-wavelength observations (planet-star contrast!) 

•  Milky Way structure and local dwarf galaxies 
–  spectroscopic follow-up of the photometric catalogues  

(SDSS, Gaia) 

Future Strategies 
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Future Strategies 
“Guidelines” for OIR observatories 
Ø Flexibility 

•  adapt to new topics and discoveries 

Ø Uniqueness 
•  explore features of your observatory others don’t have 

–  e.g. interferometry (VLTI) 
•  provide unique capabilities for simultaneous coverage of large 

wavelength ranges 
–  e.g. observations of Comet Shoemaker-Levy 9 or Hale-Bopp 

Ø Complementarity 
•  spectral follow-up of imaging surveys 
•  monitoring of special objects 
•  complementarity to space missions 

Ø Supplementarity 
•  support observations for other facilities 
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“Internet Astrophysics” 
Ø Most research based on databases 
Ø Coordinated programmes produce coherent data 
Ø Context for many new observations 
Ø Open Data proven to be key to success 

•  SDSS, 2MASS/DENIS, Kepler, eventually LSST 
•  observatory data archives 

➞ Make data available to the whole community 
Ø Easy to find 
Ø Easy to understand 
Ø Easy to use 

Future Strategies 
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Flagship facilities 
Ø ALMA, ELTs, JWST, LSST, EUCLID, (SKA, ATHENA) 

Archives 
Ø Planck, Gaia, HST, Spitzer, Herschel, Kepler, XMM-

Newton, INTEGRAL, Chandra, observatory archives 
Ø Literature 

General user facilities (with some specialisation?) 
Ø 6-10m telescopes (16 ground-based) 

•  “people’s observatories” 
•  large variety of instrumentation, also interferometry 
•  built-in flexibility 
•  main resource for follow-up work 

Ø 2-4m telescopes 
•  pick your specialisation 
•  dedicate telescope to specific science question 

OIR Observational System of the 2020s 
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ALMA and E-ELT 
Ø Flagship facilities 

VLT 
Ø Unique capabilities 

•  interferometry à VLTI special session on Friday 
•  large instrument complement, flexibility, modern operations model 

La Silla/4m telescopes 
Ø Transients: NTT; exo-planets: 3.6m;  

multi-object spectroscopy: VISTA;  
platform for smaller experiments: La Silla 

ESO Archive 
Ø Rich resource of optical data 

•  large coherent data sets from surveys 
•  advanced data products 

ESO – an integrated system 
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Recently in another community … 
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SPHERE spectropolarimeter with high contrast AO and the ESPRESSO echelle spectrograph for 
radial velocity measurements. Part of ESO’s mission is to organize collaborations; its 
instruments are developed in a coordinated way, with most built by consortia of institutes. ESO 
has a suite of smaller telescopes as well, which are mostly run by ESO member consortia. The 
ESO community has thus maximized its combined resources by having a strong support network 
of partnerships for instrument development and small and medium telescope operations, with 
ESO concentrating on operating and upgrading the largest facilities. The E-ELT, a planned 39-
meter telescope, is expected to have first light in the early 2020s. 

The National Astronomical Observatories of the Chinese Academy of Sciences, the 
National Institutes of Natural Sciences/National Astronomical Observatory of Japan, and the 
Indian Institute of Astrophysics have joined TMT as partners, while the Association of Canadian 
Universities for Research in Astronomy joined as associate members. Astronomy Australia 
Limited, Australian National University’s Research School of Astronomy and Astrophysics, the 
Korea Astronomy and Space Science Institute, and the Sao Paulo Research Foundation of Brazil 
are international partners in GMT.  

China operates the 4.3-meter Large Sky Area Multi-Object Fibre Spectroscopic 
Telescope (LAMOST), which is a wide field telescope with 4000 simultaneous optical fibers. 
Japan operates the 8.2-meter OIR Subaru Telescope on Mauna Kea in Hawaii, with several key 
state-of-the-art instruments. A forthcoming Prime Focus Spectrograph (PFS) with 2400 fibers 
will complement the HyperSuprime Camera, and will be a critical instrument for LSST follow-
up. A planned 6.5-meter telescope in Chile (Tokyo Atacama Observatory, TAO) is in the final 
design phase. Mexico is planning construction of a 6.5-meter telescope (San Pedro Martir 
Telescope, SPMT) in Baja, California. 
 The Canary Islands Institute for Astrophysics runs the 10.4-meter Gran Telescopio 
Canarias (GTC), on La Palma, in addition to the 4.2-meter William Herschel Telescope (WHT). 
They are in the process of building EMIR, a wide-field multi-object infrared spectrograph, 
similar to their optical equivalent, the Optical System for Imaging and low-intermediate-
Resolution Integrated Spectroscopy (OSIRIS); they also plan a new multi-object spectrograph, 
WEAVE, for the WHT, which they will use for LSST follow-up.  

Many countries engage in long-term planning for capabilities and prioritized science 
activities. There is a long history of collaborations and partnerships between other countries and 
international institutions, and U.S. federal and private facilities. Many are planning to be partners 
with LSST. Much of the key LSST science does not require rapid follow-up, so non-member 
countries can still benefit from LSST by accessing its publicly available data after the propriety 
period has ended. Nonetheless, access to time-critical events might be of sufficient value to 
barter LSST data in an exchange program.  

As recommended in NWNH,10 it would be useful for the U.S. to engage in periodic 
international discussions in order to consider additional ways of collaboration and coordination 
to maximize scientific output from facilities. Such collaborations can either be formal (as with 
TMT and GMT), or informal, such as trading access to unique or complementary capabilities. At 
the International Astronomical Union XXIX General Assembly in Hawaii in August 2015, a 
focus meeting on Global Coordination of Ground and Space Astrophysics and Heliophysics will 

10 NRC. 2010. New Worlds, New Horizons in Astronomy and Astrophysics. The National Academies Press, 
Washington, D.C., p. 28. 
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Astronomy in the 2020s 
OIR sky measured to ~25 mag 
Thousands of transient alerts per day 
Matching capabilities at (almost) all other 
wavelengths 
Ø angular resolution 
Ø sensitivity 
Ø sky coverage 

Astroparticle detections  
Diverse astronomical community with considerable 
overlap with other sciences (chemistry, biology) 
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OIR Future Strategies 
  Flexibility 
Ø Astrophysics covers many topics and techniques 
Ø Completeness of instrumentation 
Ø Reaction to interesting new events, object and topics 

 Coordination 
Ø Instrumentations programmes at different facilities  

•  either through a large pool or through collaboration between 
observatories 

Ø Planning between ground and space 
Ø Time allocation between observatories 

 Operations 
Ø inbuilt flexibility 
Ø archive à open distribution of data 
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