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Program Science Goals of NASA’s  
Exoplanet Exploration Program 

• Direct detection of terrestrial planets in 
the habitable zone around nearby stars 

• Characterization of planetary 
atmospheres in search of the signatures 
of life 

• Direct detection and characterization 
of other  constituents of planetary 
systems 
 

• Direct detection - must separate planet light from star light 

• Planet characterization - must determine type of planet, its gross 
physical properties and atmosphere constituents allowing assessment 
of likelihood of life 
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Astrophysics 2010 Decadal Survey 

#1 Priority for Medium-scale space program 

National Research Council of the National Academies 
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Approaches to Exoplanet Detection 

• Combined-light methods 
– Radial velocity 
– Transit 
– Microlensing 
– Timing 
– Astrometry 

 
• Starlight suppression methods 

– Coronagraph 
– Interferometer 
– Starshades 
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Technology for Future Missions 
 

Progress in Exoplanet Science 
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http://exoplanet.eu 

RV

Microlensing

Imaging

Timing

27% of radial velocity 
planets also detected by transits 
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Transit Photometry: Kepler (NASA) 
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Gravitational Microlensing: WFIRST (NASA) 
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Astrometry: GAIA (ESA) 
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Technology for Future Missions 
 

Angular Resolution 
Dynamic Range 
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Diffraction and Angular Resolution 

Brown Dwarf  
44 AU 
20-50 MJ 
 
Discovered 1995 

Starlight 
suppression allows 
the spectra of 
planets to be 
detected  

2.4-m telescope 

50 mas resolution 
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Airy Disk 
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High Dynamic Range 
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Gallery of Exoplanet Mission Concepts 

TPF-C Terrestrial Planet  
Finder Coronagraph   

TPF-I Terrestrial Planet  
Finder Interferometer   

NWO  
New Worlds Observer 

ATLAST Advanced Technology 
Large-Aperture Space Telescope 

DAViNCI Dilute 
 Aperture Visible Nulling 
Coronagraph Imager 

EPIC Extrasolar Planetary 
Imaging Coronagraph 
 
 
 

ACCESS Actively-Corrected 
Coronagraph for  
Exoplanet System  
Studies 
 
 
 

FKSI Fourrier-Kelvin Stellar 
Interferometer 

PECO Pupil-Mapping 
Exoplanet Coronagraphic 
Observe 

O3  
Occulting  
Ozone  
Observatory 
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Technology for Future Missions 
Interferometers 



6 October 2011              IAC 2011  –  Technology for Future Exoplanet Missions  –  Lawson, Devirian, and van Zyl                     16 

Infrared Interferometer Concepts 

TPF-I Terrestrial Planet  
Finder Interferometer   

FKSI Fourier-Kelvin Stellar 
Interferometer 

• Wavelength range: 3-8 microns, 6-18 microns 
• Cryogenic optics, diffraction limited 
• Primary mirrors (0.5–2-m diameter) of beryllium or silicon carbide 
• Cryogenic deformable mirrors for wave-front correction 
• Cryogenic delay-lines and fine-steering mirrors 
• Mid-infrared single-mode fiber optics 
• Cryocoolers for detectors 
• Passive cooling of optics to 35–40 K 
• Formation flying 
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Technology for Future Missions 
Starshades 
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Starshade principle of operation 
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Starshade Concepts 

NWO  
New Worlds Observer 

O3  
Occulting  
Ozone  
Observatory 

• Nominally 4-m 
diffraction-limited 
primary mirror 

 
• Mirror technology 

is not a driving  
concern 
 

• Challenging technology 
is in the starshade itself 
and alignment 
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Deployment Concept for Starshade 
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Starshade Development 
N. J. Kasdin (Princeton University) 

1 of 7 awards in 2009-2011: Technology Demonstrations for Exoplanet 
Missions 2009 
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Technology for Future Missions 
Coronagraphs 
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Coronagraph Concepts 

TPF-C Terrestrial Planet  
Finder Coronagraph   

ACCESS Actively-Corrected 
Coronagraph for  
Exoplanet System  
Studies 
 
 
 

PECO Pupil-Mapping 
Exoplanet Coronagraphic 
Observe Xinetics Inc (NGAS) 
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High Contrast Imaging Testbeds (JPL/Caltech) 
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High Contrast Imaging Testbed 
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Hybrid Lyot Masks 
John Trauger (JPL/Caltech) 

2 of 7 awards in 2009-2011: Technology Demonstrations for Exoplanet 
Missions 2009 
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3 of 7 awards in 2009-2011: Technology Demonstrations for Exoplanet 
Missions 2009 

Advanced Speckle Detection Methods 
M. C. Noecker (Ball Aerospace Tech Systems) 
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Phase-Induced Amplitude Apodization 
Olivier Guyon (University of Arizona) 

Tinsley  
Laboratories 

4 of 7 awards in 2009-2011: Technology Demonstrations for Exoplanet 
Missions 2009 
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Phase-Induced Amplitude Apodization 
vacuum experiment 

Xinetics Inc (NGAS) 
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5 of 7 awards in 2009-2011: Technology Demonstrations for Exoplanet 
Missions 2009 

End-to-End Coronagraph Modeling 
J. Krist (JPL/Caltech) 
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Visible Nulling Coronagraphs 

ATLAST Advanced Technology 
Large-Aperture Space Telescope 

DAViNCI Dilute 
 Aperture Visible Nulling 
Coronagraph Imager 

EPIC Extrasolar Planetary 
Imaging Coronagraph 
 
 
 

Courtesy of M. Helmbrecht 
IRIS AO Inc 

486 Actuator, 163 segment piston/tip/tilt DM 
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6 of 7 awards in 2009-2011: Technology Demonstrations for Exoplanet 
Missions 2009 

Visible Nulling Coronagraph 
M. Clampin (NASA GSFC) 
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7 of 7 awards in 2009-2011: Technology Demonstrations for Exoplanet 
Missions 2009 

Avalanche Photodiode Arrays 
D. Figer (Rochester Institute of Technology) 
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Gallery of Exoplanet Mission Concepts 

TPF-C Terrestrial Planet  
Finder Coronagraph   

TPF-I Terrestrial Planet  
Finder Interferometer   

NWO  
New Worlds Observer 

ATLAST Advanced Technology 
Large-Aperture Space Telescope 

DAViNCI Dilute 
 Aperture Visible Nulling 
Coronagraph Imager 

EPIC Extrasolar Planetary 
Imaging Coronagraph 
 
 
 

ACCESS Actively-Corrected 
Coronagraph for  
Exoplanet System  
Studies 
 
 
 

FKSI Fourrier-Kelvin Stellar 
Interferometer 

PECO Pupil-Mapping 
Exoplanet Coronagraphic 
Observe 

O3  
Occulting  
Ozone  
Observatory 
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State-of-the-Art in Coronagraph Laboratory 
Experiments 
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UV/Optical and Exoplanet Mission? 

Example: GALEX (2003–2011) 

The most cost-effective way to improve sensitivity for a UV telescope would be to develop better  
UV detectors and more efficient coatings – not by going to larger mirrors 
 
Exoplanet missions need mirrors at least 4-m in diameter 
 
 A starshade design would not impose additional constraints on a UV telescope, other than  
  adding navigator beacons or sensors 
 
 A coronagraph design typically requires an unobscured, off-axis primary, and 
  polarization-preserving multi-layer coatings, thus imposing numerous 
  additional requirements on the telescope 
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