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What is What is the the origin origin and and 
evolution evolution of of stars stars and and planetsplanets??
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Science QuestionsScience Questions
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 can we learn probing stellar interiors?What can we learn probing stellar interiors?

What is the lifeWhat is the life--cycle of the ISM and stars?cycle of the ISM and stars?

How do planetary systems form and evolve?How do planetary systems form and evolve?

What are the demographics of planets in the What are the demographics of planets in the 
Galaxy?Galaxy?

How do we tell which planets How do we tell which planets harbour harbour life?life?
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How do stars form?How do stars form?

The complexity of star formation: microphysics, feedback; The complexity of star formation: microphysics, feedback; 
magnetic fields, turbulencemagnetic fields, turbulence

The modes of star formation: quasiThe modes of star formation: quasi--static static vsvs. dynamic, clusters. dynamic, clusters

Low metallicity Low metallicity star star formation formation and and primordial primordial star star formationformation
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How do stars form?How do stars form?

The role of clusters: dynamical evolution => demanding The role of clusters: dynamical evolution => demanding 
computations, evolution of binaries, impact on planet formationcomputations, evolution of binaries, impact on planet formation

High angular resolution observations => resolve dense clusters, High angular resolution observations => resolve dense clusters, 
understand the structure of understand the structure of protoclustersprotoclusters, extragalactic super , extragalactic super 
star clustersstar clusters
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IsIs the the initialinitial mass mass functionfunction of of 
starsstars universaluniversal??
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(Non(Non--))Universality Universality of the stellar IMF; of the stellar IMF; primordial primordial (Pop III) IMF(Pop III) IMF

Origin Origin of the IMF (feedback of the IMF (feedback vsvs. imprinting). imprinting)

The IMF The IMF as as a a global product global product of Star of Star Formation across Formation across the the 
Universe Universe and and its implication its implication on the on the evolution evolution of the of the UniverseUniverse
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What do we learn by probing What do we learn by probing 
stellar interiors? stellar interiors? 

Asteroseismology as Asteroseismology as a probe of stellar interiora probe of stellar interior

Interior Interior PhysicsPhysics: : structurestructure, , magnetic fieldsmagnetic fields, rotation, , rotation, convectionconvection, , 
nuclear reactionsnuclear reactions

Stellar Stellar atmospheresatmospheres: : abundancesabundances
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Detection and Detection and characterizationcharacterization of the ISM at high redshift, in of the ISM at high redshift, in 
““normalnormal”” nonnon--lensedlensed galaxiesgalaxies => => ChemicalChemical evolutionevolution of the ISM of the ISM 
in the in the UniverseUniverse

ChemistryChemistry of the of the locallocal ISM and connection ISM and connection withwith SolarSolar System System 
bodiesbodies, , AstrobiologyAstrobiology, , LaboratoryLaboratory sudiessudies

What is What is the the lifelife--cycle cycle of the of the 
ISM and ISM and Stars?Stars?
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WhatWhat isis the the lifelife--cyclecycle of the of the 
ISM and ISM and StarsStars??

Supernova/Supernova/hypernovahypernova progenitorsprogenitors, , explosionexplosion physicsphysics

UnderstandUnderstand SN Ia and CC SN Ia and CC SneSne diversitydiversity and the and the possiblepossible
cosmologicalcosmological evolutionevolution

YieldsYields and mass and mass lossloss historyhistory of of SneSne, , PnePne, , ……
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HowHow do do planetaryplanetary systemssystems formform
and evolve?and evolve?

Inner disk Outer disk

DisksDisks structurestructure and and evolutionevolution => => PlanetsPlanets formationformation

DustDust evolutionevolution fromfrom ISM ISM grainsgrains toto pebblespebbles and and planetesimalsplanetesimals

ChemicalChemical evolutionevolution of the of the molecularmolecular gasgas
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QuickTime™ and a
Cinepak decompressor

are needed to see this picture.

HowHow do do planetaryplanetary systemssystems formform
and evolve?and evolve?

Direct detection of Direct detection of formingforming planetaryplanetary systemssystems

Are Are PlanetaryPlanetary systemssystems a common output of star a common output of star formationformation??

IsIs ourour ownown SolarSolar System a common System a common productproduct of the of the planetaryplanetary
formationformation processprocess??
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WhatWhat are the are the demographicsdemographics of of 
planetsplanets in the in the GalaxyGalaxy??

ExpandExpand statisticsstatistics, search , search forfor ““widewide”” JupitersJupiters

Are Are PlanetaryPlanetary systemssystems a common output of star a common output of star formationformation??

IsIs ourour ownown SolarSolar System a common System a common productproduct of the of the planetaryplanetary
formationformation processprocess??
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HowHow do do wewe telltell whichwhich planetsplanets
harbourharbour life?life?

Search Search forfor terrestrialterrestrial planetsplanets in in habitablehabitable zonezone

CharacterizationCharacterization of of planetaryplanetary atmospheresatmospheres and search and search forfor lifelife--
supportingsupporting and  and  lifelife--byproductbyproduct moleculesmolecules
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RecommendationsRecommendations
GeneralGeneral

Essential role of theoryEssential role of theory
–– Dedicated machines and development of Dedicated machines and development of matematicalmatematical

tools for dynamical evolution computationstools for dynamical evolution computations
–– From microscopic to macroscopic processes in Star From microscopic to macroscopic processes in Star 

FormationFormation
–– Stellar evolution and structure modelsStellar evolution and structure models
–– Planetary systems formation and evolutionPlanetary systems formation and evolution

Laboratory studiesLaboratory studies
–– AstrobiologyAstrobiology
–– Complex molecules and solids, obs. benchmarksComplex molecules and solids, obs. benchmarks
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RecommendationsRecommendations
Requirements for principal facilitiesRequirements for principal facilities

Near infrared imaging and spectroscopy at high angular Near infrared imaging and spectroscopy at high angular 
resolution => Fully AO ELTresolution => Fully AO ELT

NearNear-- to Farto Far--IR at very high spatial resolution with high contrast IR at very high spatial resolution with high contrast 
=> IR => IR interferometryinterferometry in spacein space

High angular resolution and sensitivity in the mm and radio for High angular resolution and sensitivity in the mm and radio for 
continuum and spectroscopy => main facility ALMA and continuum and spectroscopy => main facility ALMA and 
possibly SKApossibly SKA

Long term continuous monitoring with high accuracy => Long term continuous monitoring with high accuracy => 
dedicated space platformdedicated space platform

High accuracy radial velocity experiments from the groundHigh accuracy radial velocity experiments from the ground

High accuracy astrometry from ground or spaceHigh accuracy astrometry from ground or space
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RecommendationsRecommendations
Requirements for secondary facilitiesRequirements for secondary facilities

Measurements of velocity and magnetic fields on a broad range Measurements of velocity and magnetic fields on a broad range 
of scales => sensitive mm/radio large single dish telescopes of scales => sensitive mm/radio large single dish telescopes 
and interferometersand interferometers

Wide field diffraction limited imaging and multi object Wide field diffraction limited imaging and multi object 
spectroscopy with current generation of large telescopesspectroscopy with current generation of large telescopes

Full exploitation of ALMA/SKA critically depend on the Full exploitation of ALMA/SKA critically depend on the 
availability of large single dish and VLBIavailability of large single dish and VLBI

AsteroseismologyAsteroseismology and and exoplanetsexoplanets transits  will benefit from transits  will benefit from 
coordinated programmes on telescope networkscoordinated programmes on telescope networks

Availability of XAvailability of X--ray observatories for deep/large area surveys ray observatories for deep/large area surveys 
and spectroscopy of individual objectsand spectroscopy of individual objects
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Input from the communityInput from the community
Stellar AstrophysicsStellar Astrophysics
–– P. Diamond: LifeP. Diamond: Life--cycle of starscycle of stars
–– I. I. PaganoPagano: Issues in stellar astrophysics: Issues in stellar astrophysics
–– D. Lennon: Exploiting stellar surveys, spectroscopyD. Lennon: Exploiting stellar surveys, spectroscopy
–– G. G. TautvaisieneTautvaisiene: Interpretation of stellar spectra : Interpretation of stellar spectra 
–– Th. Th. AppurchauxAppurchaux: : AsteroseismologyAsteroseismology
–– J. J. SurdejSurdej / A. / A. QuirrenbachQuirrenbach: Stellar astrophysics at high resolution: Stellar astrophysics at high resolution
–– I. I. PustylnikPustylnik: peculiar binary systems: peculiar binary systems

Interstellar MediumInterstellar Medium
–– P. P. SarreSarre: Cosmic dust: Cosmic dust

ExoplanetaryExoplanetary SystemsSystems
–– J.J.--L. L. BeuzitBeuzit: Direct detection of : Direct detection of ExoplanetsExoplanets
–– J. Schneider: EarthJ. Schneider: Earth--like planets and biomarkerslike planets and biomarkers
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