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Astronomical Research Astronomical Research -- II
Study of everything beyond the EarthStudy of everything beyond the Earth
Objects far away, hence small and faintObjects far away, hence small and faint
–– Limited information about their natureLimited information about their nature
–– Need for large instruments: resolution and sensitivityNeed for large instruments: resolution and sensitivity

Combining different types of observations crucialCombining different types of observations crucial
–– Images/spectra/timeImages/spectra/time--seriesseries

–– Electromagnetic/neutrinos/gravitational wavesElectromagnetic/neutrinos/gravitational waves
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Astronomical Research Astronomical Research -- IIII
Exploration is integral component of this fieldExploration is integral component of this field
–– Large numbers of objects, all differentLarge numbers of objects, all different
–– Searches and surveys with small telescopes and  Searches and surveys with small telescopes and  

followfollow--up by large telescopesup by large telescopes
–– Examples: black holes, Examples: black holes, exoexo--planets, dark energyplanets, dark energy
–– In situIn situ measurements possible in Solar System measurements possible in Solar System 

Physical science driven by observationsPhysical science driven by observations
–– Test models versus observations: theory and Test models versus observations: theory and 

numerical simulations are crucial numerical simulations are crucial 
–– Links with physics, chemistry, computer science, Links with physics, chemistry, computer science, 

laboratory experiments, geophysics, and biologylaboratory experiments, geophysics, and biology



Poitiers, 23 January 2007Poitiers, 23 January 2007 Science Vision for European AstronomyScience Vision for European Astronomy 44

GroundGround--based Telescopesbased Telescopes
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Satellites in Orbit Satellites in Orbit 

Hubble Space TelescopeHubble Space Telescope

XMMXMM--NewtonNewton

Also:  Chandra, Spitzer, SWIFT, Also:  Chandra, Spitzer, SWIFT, AkariAkari, Spirit/Opportunity, MRO, Messenger, , Spirit/Opportunity, MRO, Messenger, ……

RosettaRosetta

CoRoTCoRoT

MarsMars--ExpressExpress

Venus ExpressVenus ExpressSOHOSOHO

IntegralIntegral



Poitiers, 23 January 2007Poitiers, 23 January 2007 Science Vision for European AstronomyScience Vision for European Astronomy 66

ALMAALMA

VLT(I)VLT(I)

JWSTJWST

GaiaGaia

Under DevelopmentUnder Development

GTCGTC

LOFARLOFAR

HerschelHerschel PlanckPlanck

LBTLBT

VSTVST VISTAVISTA

BepiColomboBepiColombo

SofiaSofia
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Angular Resolution & SensitivityAngular Resolution & Sensitivity
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Astronomy and TechnologyAstronomy and Technology
AstronomyAstronomy benefitsbenefits fromfrom andand drives drives advancesadvances in in 
technologytechnology
ItIt is is nownow possiblepossible toto
–– StudyStudy objectsobjects over 95% of the over 95% of the ageage of  the of  the UniverseUniverse
–– DetectDetect and and studystudy planets planets aroundaround otherother starsstars
–– UseUse particlesparticles (and (and gravitationalgravitational waveswaves) ) toto studystudy objectsobjects
–– ExploreExplore SolarSolar systemsystem objecsobjecs in in situsitu

And And alsoalso toto
–– SimulateSimulate complicatedcomplicated astrophysicalastrophysical processesprocesses
–– AnalyzeAnalyze largelarge data data streamsstreams
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Far awayFar away
==

Long agoLong ago
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Extra solar planetsExtra solar planets
Predicted for centuriesPredicted for centuries

Technology now Technology now 
available to detect and available to detect and 
characterize them characterize them 

Wide range of properties Wide range of properties 

AD 1798AD 1798
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Astronomy and SocietyAstronomy and Society
Important for society and cultureImportant for society and culture
–– Navigation, mobile phonesNavigation, mobile phones
–– Asteroid impacts Asteroid impacts 
–– Existence of other worlds, development of lifeExistence of other worlds, development of life

Important for educationImportant for education
–– Attracts young people to physical sciencesAttracts young people to physical sciences
–– Many universities opening astronomy departmentsMany universities opening astronomy departments

Many exciting discoveries to comeMany exciting discoveries to come
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Predicting the FuturePredicting the Future
Key questions in astronomyKey questions in astronomy
–– The nature of dark matter and dark energy, and physics The nature of dark matter and dark energy, and physics 

in extreme conditions (black holes, gammain extreme conditions (black holes, gamma--ray bursts)ray bursts)
–– Formation & evolution of galaxies: first light Formation & evolution of galaxies: first light ⇒⇒ Milky WayMilky Way
–– Formation of stars and planets, and the origin of lifeFormation of stars and planets, and the origin of life
–– How do we (and the Solar System) fit in? How do we (and the Solar System) fit in? 

Amongst most fundamental questions in scienceAmongst most fundamental questions in science
–– Of interest to broad community and general publicOf interest to broad community and general public

To be answered by To be answered by 
–– Observations with telescopes on the ground and in space Observations with telescopes on the ground and in space 
–– Combined with interpretation & theoretical developmentCombined with interpretation & theoretical development
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Ambitious PlansAmbitious Plans
European astronomy plans through 2025: European astronomy plans through 2025: 
–– May need several May need several GEuroGEuro new investment/operationsnew investment/operations
–– EU may fund a modest fractionEU may fund a modest fraction
–– Bulk of the support to come from funding agenciesBulk of the support to come from funding agencies

Funding agencies request comprehensive plan: Funding agencies request comprehensive plan: 
–– Covering all of astronomy, ground and space, including Covering all of astronomy, ground and space, including 

links with neighbouring fieldslinks with neighbouring fields
–– Founded ASTRONET to develop this plan together with Founded ASTRONET to develop this plan together with 

entire European astronomical communityentire European astronomical community
–– Prototype for equivalent of US Decadal Surveys Prototype for equivalent of US Decadal Surveys 
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Developing the Science VisionDeveloping the Science Vision
Look broadly at key science questions in all of  Look broadly at key science questions in all of  
astronomy for the next two decadesastronomy for the next two decades
–– Observations, simulations, laboratory experiments, Observations, simulations, laboratory experiments, 

interpretation and theoryinterpretation and theory
–– Identify key types of facilities needed to make progressIdentify key types of facilities needed to make progress
–– Twenty year horizonTwenty year horizon

Make use of available documentsMake use of available documents
–– National plans, ESANational plans, ESA’’s Cosmic Vision, ESAs Cosmic Vision, ESA--ESO studiesESO studies

Input for Infrastructure Roadmap and subsequent Input for Infrastructure Roadmap and subsequent 
implementation planimplementation plan
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Science Vision Working GroupScience Vision Working Group
Appointed by the Funding AgenciesAppointed by the Funding Agencies
–– Four supporting panels (about Four supporting panels (about 5050 persons in total)persons in total)
–– Good distribution of expertise, gender, nationalitiesGood distribution of expertise, gender, nationalities

Panel chairs and coPanel chairs and co--chairs: chairs: 
A: John Peacock, Claes FranssonA: John Peacock, Claes Fransson
B: Jacqueline Bergeron, Robert KennicuttB: Jacqueline Bergeron, Robert Kennicutt
C: Leonardo Testi, Rafael ReboloC: Leonardo Testi, Rafael Rebolo
D: Oscar von der Luhe, Therese EncrenazD: Oscar von der Luhe, Therese Encrenaz

Members at large:Members at large:
Michael Bode, Michael Bode, ReinhardReinhard GenzelGenzel, Michael Perryman, , Michael Perryman, AlvioAlvio RenziniRenzini, , 
Rashid Sunyaev, Catherine Rashid Sunyaev, Catherine TuronTuron, Tim de Zeeuw (chair) , Tim de Zeeuw (chair) 
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Structure of the Structure of the DraftDraft ReportReport
IntroductionIntroduction
–– Astronomy in society, and role of technology Astronomy in society, and role of technology 

Four broad science questionsFour broad science questions
–– A: Do we understand the extremes of the Universe?A: Do we understand the extremes of the Universe?
–– B: How do galaxies form and evolve?B: How do galaxies form and evolve?
–– C: How do stars and planets form?C: How do stars and planets form?
–– D: How do we fit in?D: How do we fit in?

RecommendationsRecommendations
Appendix with abbreviations and webAppendix with abbreviations and web--linkslinks
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Panel A: Do we understand the Panel A: Do we understand the 
extremes of the Universe?extremes of the Universe?

How did the Universe begin?How did the Universe begin?
What is dark matter and dark energy?What is dark matter and dark energy?
Can we observe strong gravity in action?Can we observe strong gravity in action?
How do supernovae & gammaHow do supernovae & gamma--ray bursts work?ray bursts work?
How do black hole accretion, jets and outflows operate?How do black hole accretion, jets and outflows operate?
What can we learn about the Universe from energetic What can we learn about the Universe from energetic 

radiation and particles?radiation and particles?

Recommendations coordinated with ASPERARecommendations coordinated with ASPERA
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Panel B: How do galaxies form Panel B: How do galaxies form 
and evolve?and evolve?

How did the Universe emerge from the Dark ages?How did the Universe emerge from the Dark ages?
How did the structure of the cosmic web evolve?How did the structure of the cosmic web evolve?
Where are most of the metals through cosmic time?Where are most of the metals through cosmic time?
How were galaxies assembled?How were galaxies assembled?
How did our Galaxy form?How did our Galaxy form?
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Panel C: Panel C: WhatWhat is the is the originorigin and and 
evolutionevolution of stars and planets?of stars and planets?

?

Orion NebulaOrion Nebula

How do stars form?How do stars form?
Is the initial mass function of stars universal?Is the initial mass function of stars universal?
What do we learn by probing stellar interiors?What do we learn by probing stellar interiors?
What is the lifeWhat is the life--cycle of the interstellar cycle of the interstellar 

medium and stars?medium and stars?
How do planetary systems form and evolve?How do planetary systems form and evolve?
What are the demographics of planets in    What are the demographics of planets in    

the Galaxy?the Galaxy?
How do we tell which planets harbour life?How do we tell which planets harbour life?
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Panel D: How do we fit in?Panel D: How do we fit in?
What can the Sun teach us about astrophysical processes?What can the Sun teach us about astrophysical processes?
What drives Solar variability on all scales?What drives Solar variability on all scales?
What is the impact of Solar activity on life on Earth?What is the impact of Solar activity on life on Earth?
What is the dynamical history of the Solar System?What is the dynamical history of the Solar System?
What can we learn from Solar System exploration?What can we learn from Solar System exploration?
Where should we look for life in the Solar System?Where should we look for life in the Solar System?
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ApproachApproach
Four main chapters organized in similar wayFour main chapters organized in similar way
–– Brief introduction with background and identification of Brief introduction with background and identification of 

key subkey sub--questionsquestions
–– Each of these is introduced, and specific science Each of these is introduced, and specific science 

questions summarizedquestions summarized
–– Most promising approaches described Most promising approaches described 
–– Distinguish Distinguish PrincipalPrincipal and and SupportingSupporting facilitiesfacilities

Science vision is input to Road mapScience vision is input to Road map
–– Existing facilities and those under construction named Existing facilities and those under construction named 
–– Not yet approved projects described (mostly) genericallyNot yet approved projects described (mostly) generically
–– Specific proposals/projects to come after RoadmapSpecific proposals/projects to come after Roadmap
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Developing RecommendationsDeveloping Recommendations
Answering key science questions requires Answering key science questions requires 
–– Optimal use of existing facilities + those being constructed!Optimal use of existing facilities + those being constructed!
–– Next generation optical and radio telescopesNext generation optical and radio telescopes
–– Specific space observatories/missions (Specific space observatories/missions (cfcf Cosmic Vision) Cosmic Vision) 
–– Dedicated surveys, and investigation of timeDedicated surveys, and investigation of time--domaindomain
–– Supported by theoretical program, numerical simulations Supported by theoretical program, numerical simulations 

and laboratory experimentsand laboratory experiments

Integrated vision is part of a worldIntegrated vision is part of a world--wide endeavourwide endeavour
–– Involves other communities and (space) agencies Involves other communities and (space) agencies 
–– Opportunity for Europe to take leading roleOpportunity for Europe to take leading role
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Timeline Timeline 
DraftDraft Science Vision report public 12Science Vision report public 12--2006 2006 
–– Community input via web and email Community input via web and email 

Discussion at this Science Vision SymposiumDiscussion at this Science Vision Symposium
–– Presentation of current plans by Panel chairs (Jan 23)Presentation of current plans by Panel chairs (Jan 23)
–– Panel discussions aimed at sharpening plans (Jan 24)Panel discussions aimed at sharpening plans (Jan 24)
–– Important to Important to focus on science and retain coherencefocus on science and retain coherence

Final report to be delivered in Spring 2007Final report to be delivered in Spring 2007
To be followed by RoadTo be followed by Road--mapping, 2007mapping, 2007--20082008
–– Implementation plan for development of infrastructures Implementation plan for development of infrastructures 

that enable European astronomy to deliver the Visionthat enable European astronomy to deliver the Vision
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