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Astro2010: Science First 
•  The Astro2010 program is driven by 

its science goals. 

•  The Science Frontier Panels were 
organized and got to work early in 
the process. 

•  The outcome of their deliberations 
then informed the Program 
Prioritization panels and the main 
Astro2010 committee. 

•  The NWNH program can be directly 
traced to the SFP reports. 
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Science Frontier Panels: Dividing A&A by Five  
  

Cosmology and Fundamental Physics (CFP) -  David Spergel 
§  Early universe, microwave background, reionization and galaxy formation up to virialization of 

protogalaxies. Large scale structure, intergalactic medium, determination of cosmological 
parameters, dark matter, dark energy. High energy physics using astronomical messengers, tests 
of gravity, physical constants as determined astronomically. 

The Galactic Neighborhood (GAN) -  Mike Shull 
§  Structure and properties of nearby galaxies including the Milky Way and their stellar 

populations, interstellar media, star clusters. Evolution of stellar populations. 
 
Galaxies across Cosmic Time (GCT) -  Meg Urry 
§  Formation and evolution of galaxies and galaxy clusters, active galactic nuclei and QSOs, 

mergers, star formation rate, gas accretion, global properties of galaxies and galaxy clusters, 
supermassive black holes. 

 
Planetary Systems and Star Formation (PSF)  -  Lee Hartmann 
§  Solar system bodies (other than the Sun) and extrasolar planets, debris disks, exobiology, 

formation of individual stars, protostellar and protoplanetary disks, molecular clouds and the cold 
ISM, dust, and astrochemistry. 

 
Stars and Stellar Evolution (SSE) -  Roger Chevalier 
§  The Sun as a star, stellar astrophysics, structure and evolution of single and multiple stars, 

compact objects, supernovae, gamma-ray bursts and solar neutrinos. Extreme physics on stellar 
scales. 
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Charge to the Panels 



Charge to the Panels 

Deliberate instruction: be selective 
No “shopping lists” 

Disclaimer: I must select even further! 



Science Frontier Panel on  
Cosmology and Fundamental Physics (CFP) 

Questions: 

•  How did the universe begin? 

•  Why is the universe accelerating? 

•  What is dark matter? 

•  What are the properties of the 
neutrino? 

Discovery area: 

•  Gravitational wave astronomy 



Cosmology and Fundamental Physics (CFP) 

•  The CMB 
•  Weak lensing 
•  Dark Age HI 
•  Billion Galaxy HI 

survey 



Cosmology and Fundamental Physics (CFP) 
• Dwarf galaxy 

dynamics 

• Detection of  
UHE neutrinos 



Cosmology and Fundamental Physics (CFP) 

• Pulsar 
timing 

• High 
energy 
source 
followup 

• Radio 
transients 



Science Frontier Panel on  
the Galactic Neighborhood (GAN) 

Questions: 



The Galactic Neighborhood (GAN) 

• Studies of 
dust and gas in 
MW and other 
galaxies 



The Galactic Neighborhood (GAN) 

•  Zeeman studies 

•  Faraday rotation 
studies 

•  All-sky C-band 
survey 



The Galactic Neighborhood (GAN) 

•  MHD/shock theory 

•  Studies of dust 

•  Laboratory 
astrophysics 



The Galactic Neighborhood (GAN) 



The Galactic Neighborhood (GAN) 

• Maser 
astrometry 
in MW, 
Local Group 
and beyond 

• Astrometry 
of SgrA* 



Science Frontier Panel on  
Galaxies Across Cosmic Time (GCT) 

Questions: 



Galaxies Across Cosmic Time (GCT) 

• Maser SBMH 
masses 

• Strong lensing 



Galaxies Across Cosmic Time (GCT) 

• CO surveys at z = 1-3 
• Develop capability for HI surveys at z = 1-3 
• Radio and (sub)mm continuum wide area survey 
• Far-IR spectroscopic survey of luminous dusty galaxies 



Galaxies Across Cosmic Time (GCT) 

•  High z radio galaxies 
•  Reverberation mapping of 

AGN 
•  High resolution imaging of 

jets 



Galaxies Across Cosmic Time (GCT) 

•  CMB 
•  Dark Ages and reionization HI 
•  z > 6 galaxies, quasars 



Science Frontier Panel on  
Planetary Systems and Star Formation (PSF) 

Questions: 



Planetary Systems and Star Formation (PSF) 

• Dust and molecular studies of GMCs => cores 



Planetary Systems and Star Formation (PSF) 

•  Protoplanetary disks 
•  Debris disks 
•  Mass transport/accretion 
•  Laboratory astrophysics 



Planetary Systems and Star Formation (PSF) 

•  Protoplanetary disks 
•  Debris disks 



Science Frontier Panel on  
Stars and Stellar Evolution (SSE) 

Questions: 



Stars and Stellar Evolution (SSE) 

• Radio gyrosynchrotron observations of the 
magnetic structure of the Sun 

• Multiwavelength studies of solar activity 

• Radio studies of SNe 

• Masses of neutron stars from pulsar 
timing 



Stars and Stellar Evolution (SSE) 



New Worlds, New Horizons 





The Science Frontier  
discovery areas and principal questions 
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Discovery areas: 
•  Identification and characterization of nearby habitable exoplanets 
•  Gravitational wave astronomy 
•  Time-domain astronomy 
•  Astrometry 
•  The epoch of reionization 

Questions: 
•  How did the universe begin?  
•  What were the first objects to light up the universe and when did they do it?  
•  How do cosmic structures form and evolve?  
•  What are the connections between dark and luminous matter?  
•  What is the fossil record of galaxy assembly and evolution from the first stars to the present?  
•  How do stars and black holes form?  
•  How do circumstellar disks evolve and form planetary systems? 
•  How do baryons cycle in and out of galaxies and what do they do while they are there?  
•  What are the flows of matter and energy in the circumgalactic medium?  
•  What controls the mass-energy-chemical cycles within galaxies? 
•  How do black holes work and influence their surroundings? 
•  How do rotation and magnetic fields affect stars?  
•  How do massive stars end their lives?  
•  What are the progenitors of Type Ia supernovae and how do they explode? 
•  How diverse are planetary systems and can we identify the telltale signs of life on an exoplanet?  
•  Why is the universe accelerating?  
•  What is dark matter?  
•  What are the properties of the neutrinos?  
•  What controls the masses, spins and radii of compact stellar remnants?  
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SFP => NWNH Science Objectives 

•  Building on the science priorities identified by the 
survey, the recommended program is organized by 
three science objectives that represent its scope: 

− Cosmic Dawn 
− New Worlds 
− Physics of the Universe 

•  Success in attaining these science goals will 
enable progress on a much broader front 

•  Also foster unanticipated discoveries 
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Cosmic Dawn 
Searching for the first stars, 

galaxies, and black holes 
 

•  We have learned much about the history of the universe, from 
the Big Bang to today 

•  A great mystery now confronts us: when and how the first 
galaxies formed and the earliest stars started to shine - our 
cosmic dawn 

•  JWST, ALMA and radio telescopes already under construction 
will help point the way 

•  Approaches: 
–  Locating “reionization” – finding the epoch ~0.5 billion years, 

when light from the first stars split interstellar hydrogen 
atoms into protons and electrons 

–  “Cosmic paleontology” – finding the rare stars with the lowest 
concentrations of heavy elements 
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New Worlds 
Seeking nearby, habitable planets 

•  Nearly 500 extrasolar planets now detected - extraordinarily rapid 
progress 
–  Huge range of properties exhibited, surprisingly different from 

those in our own solar system 
–  Many ongoing approaches seek new “Earths” – potentially 

habitable rocky planets with liquid water and oxygen 
–  New techniques being developed 

•  Kepler data adds over 300 "candidates" to the list, including many 
less than twice the size of Earth 

•  Next great step forward: understand frequency of different types 
of planets and lay scientific and technical groundwork to inform 
future strategies for detailed study of nearby Earth-like planets 
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Physics of the Universe 
Understanding Scientific Principles 

•  Determine properties of dark energy, responsible for perplexing 
acceleration of present-day universe 

•  Reveal nature of mysterious dark matter, likely composed of new 
types of elementary particles 

•  Explore epoch of inflation, earliest instants when seeds of 
structure in the universe were sown 

•  Test Einstein’s general theory of relativity in new important ways 
by observing black hole systems and detecting mergers 


