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…and more coming

Earth-size planets in the 

Habitable Zone are 

common.

Planets are common

(> 1 per star).

Planets with sizes 

0.5-2 times Earth 

are the most common.

We now know that in our Galaxy…



Transit Exoplanet Survey Satellite (TESS)
Launched April 18, 2018

Credit: NASA



James Webb Space Telescope
Planned launch approximately May 2020

Credit: Northrop Grumman
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Gaia
Astrometric Discovery of Exoplanets

Launched December 2013Credit: ESA
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Wide Field InfraRed Survey Telescope (WFIRST)
Launch date approximately mid-2020s

.



New Ground-Based Extremely Large Telescopes 
24 – 40 meters in diameter, approximately 2020s

Thirty Meter Telescope

European Extremely Large Telescope

Giant Magellan Telescope



Exoplanet Exploration Program
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TODAY 2020S 2025S
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Detection Sensitivity: Advanced Detectors

Starlight Suppression: Starshades
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1. What type of evidence is needed to 

infer life on an exoplanet?

2. What observational methods will be 

important in obtaining the evidence for 

life?

3. What is the technology readiness of 

each of these methods? What’s still 

needed? and How hard will that be? 



1. What type of evidence is needed to infer 

life on an exoplanet (i.e. to persuade you 

to agree with this headline)?



Near-complete understanding of systems with 
habitable-zone planets around nearby stars

Origin of life

Discovery of 
evidence of lifeWhat are the 

signatures of life?

Good sample for 
deep spectroscopy

SETIOrganic molecules 
in disks, snowline

Complete census of planetary systems

 Orbital stability?
 Exo-zodi?
 Internal structure?
 Spin, magnetic field?
 Time-varying 

features (weather)?
 Host star activity?

Explorations of 
Solar-system 
planets/moons

Laboratory 
experiments

Modeling
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Potential Biosignature Gases
Spectral Lines
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2. What observational methods will be 

important in obtaining the evidence for 

life?
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Kepler’s

Search Area 
WFIRST’s

Search Area 

WFIRST Gravitational Microlensing Completes the 

Exoplanet Census Started by Kepler
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(Penny et al., in prep)

WFIRST Gravitational Microlensing Completes the 

Exoplanet Census Started by Kepler
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Acquiring Spectroscopy of Exoplanets

ReflectionTransmission
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External Occulters (Starshades)

Nulling Interferometry

20

Starlight Suppression Technologies

Internal Occulters (Coronagraphs)



Using the Sun as a Gravitational Lens

Multi-pixel deconvolved image

deconvolution

Highly abberated image

~ 900 AU

Credit: S. Turyshev and M. Shao



3. What is the technology readiness of 

each of these methods? What’s still 

needed to be matured? and How hard 

will that be? 



Exoplanet Exploration Program
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Exoplanet Exploration Program

Starshade Technology Gaps

Starlight Suppression

S-2: Starlight 

Suppression and 

Model Validation

S-1: Controlling Scattered 

Sunlight

S-5: Petal Positioning Accuracy and Opaque Structure

S-4: Petal Shape

And Stability

Formation Sensing

Deployment Accuracy 

and Shape Stability
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S-3: Lateral Formation

Sensing


