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There Are More Planets Than Stars

Program Overview

Discover, Characterize

Search for Life on Exoplanets

Engage!

Credit: Ben Canales



Program Overview
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Astrophysics Division, NASA Science Mission Directorate
NASA Exoplanet Exploration Program
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Program purpose described in
2014 NASA Science Plan

1. Discover planets around other stars 

2. Characterize their properties 

3. Identify candidates that could harbor life 

ExEP serves the Science Community and NASA:
• Focal point for exoplanet science and technology
• Integration of cohesive strategy for future discoveries

https://exoplanets.nasa.gov

NASA's search for habitable planets and life beyond our solar system



NASA Exoplanet Exploration Program
Space Missions and Concept Studies

Supporting Research & Technology

Key Sustaining Research

Large Binocular 
Telescope 

Interferometer

Keck Observatory

Technology Development

Archives, Tools, Sagan Program, 
Professional Engagement

NASA Exoplanet 
Science Institute (NExScI)

NN-EXPLORE

Exoplanet Communications

Kepler K2
Large- and Probe-Scale 

Mission Concepts

Coronagraph
Starshade
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High Resolution
Imaging

Coronagraph 
Technology

Development

Starshade 
Technology 

Development (S5)



Exploring a Galaxy of Worlds While Inspiring our Own
ExoComm
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Series of Exoplanet Products

Exoplanet Travel 
Bureau
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Discover, Characterize



Kepler Mission:  Three Key Results

1. There are more 
planets than stars in 
the galaxy

2. Small planets are 
common

3. Small planets in the 
Habitable Zone are 
common
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Credit:  NASA/Ames Research Center/
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A Familiar Habitable Zone
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Measuring HZ Exozodiacal Dust to Inform Designs of Future Missions
Large Binocular Telescope Interferometer

• 35-stars observed

• NASA survey 
planned to 
complete June 
2018

• Paper by S. Ertel
accepted by ApJ
on first 30 stars

• Result:  majority of 
stars in survey 
are not dusty
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Phil Hinz, PI

Credit:  NASA/GSFCCredit:  ESO/Y. Beletsky



Provides targets for JWST transit spectroscopy
Transiting Exoplanet Survey Satellite
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• Designed to find 
transiting planets 
around nearby 
stars

• Will survey the 
entire sky

• Order of 
magnitude more 
planets than 
Kepler

Credit:  MIT/G. Ricker



NASA ExEP Science Gap List (2018)
(grouped by topic, no implied priority in ordering)
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• Spectral characterization of small exoplanets
• Modeling exoplanet atmospheres
• Spectral signature retrieval
• Understand the abundance and substructure of exozodiacal dust
• Measurement of accurate radii for transiting exoplanets
• Planetary system architectures
• Occurrence rates for HZ exoplanets (e.g. 𝜂⨁)
• Yield estimates for exoplanet direct imaging missions
• Improve target lists and stellar parameters for exoplanet missions
• Mitigate stellar jitter as a limitation to exoplanet dynamical 

measurements 
• Dynamical confirmation of exoplanet candidates, determination of their 

masses & orbits
• Precursor surveys of direct imaging targets
ExEP Science Plan Gap List & Appendix: 
https://exoplanets.nasa.gov/exep/science-overview/

Need Planet Mass

Credit:  E. Mamajek

https://exoplanets.nasa.gov/exep/science-overview/


Making the Planets Count!
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Doppler Spectroscopy 
(Radial Velocity)Transit



NASA-NSF Exoplanet Observational Research
NN-EXPLORE

• Extreme precision radial velocity 
spectrometer (<0.5 m/s) at the WIYN 
Telescope on Kitt Peak

• On track for late 2019 
commissioning

• Guest Observer program:
– Starting 2019B:  90 nights per year 
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PI: S. Mahadevan 

Menlo Systems 
Laser Frequency 
Comb

Zygo Cross 
Dispersion Prism
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Appendix�A.� Mosaic�Photograph�
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Echelle Grating Parabolic Mirror
Rayleigh Optical

Credit:  J. Callas, E. Mamajek



NASA support of precision radial velocity work
• Development of NN-Explore instrument NEID (collaboration w/NSF). This 

will lead to community access to state-of-the-art PRV spectrograph on 
northern 4-m class telescope, and pipeline/data archiving at NExScI

• Recently additional time purchased on SMARTS 1.5-m (CHIRON) and 
AAT (VELOCE) to help w/TESS followup (through NOAO proposal calls)

• Community access to Keck HIRES (managed through Keck Cooperative 
Agreement for NASA time)

• KPF on Keck will be available for science mid-2021. Support by NExScI. 

• IRTF/iSHELL observations (NASA telescope, managed by Planetary 
Sciences Division; astrophysics limited to 50%)

• EarthFinder probe study – develop case for precision RV from space

• R&A Programs (e.g. XRP)

• Other examples: Seed funding for CHIRON (CTIO 1.5-m, PI Fischer), iLocator (LBT, PI 
Crepp), MINERVA-Red (PI: Blake), technology grant to develop laser frequency comb (MIT, 
testing HARPS-N)
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Spitzer

Kepler

TESSMissions
PLATO

CHEOPS 4

NASA
Missions

Non-NASA
Missions

1 NASA/ESA Partnership
2 NASA/ESA/CSA Partnership
3 CNES/ESA
4 ESA/Swiss Space Office

Hubble1
CoRoT3

Large Binocular 
Telescope

WIYN 6

WFIRST

HabEx5

W. M. Keck Observatory

Ground Telescopes with NASA participation

OST5

LUVOIR5

Starshade 
Rendezvous5

Gaia

5 2020 Decadal Survey Studies
6 NSF Partnership (NN-EXPLORE)

JWST2

SMARTS 1.5m 6



The Search for Life on Exoplanets
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Exoplanet Exploration Program

Still a Way to go to Imaging Exo-Earths
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We are here now

WFIRST will get us here

Needed for exo-Earth 
study

Angular Separation (between planet and star, arcsec)
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Credit:  K. Stapelfeldt, N. Siegler



External Occulters
(Starshades)

Internal Occulters
(Coronagraphs)

Starlight Suppression 
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Exoplanet Exploration Program

ExEP Technology List

• 24 technologies currently tracked

• Technology List posted here: 
https://exoplanets.nasa.gov/exep/technology/gap-lists/

• More detail coming soon in the Technology 
Plan Appendix

https://exoplanets.nasa.gov/exep/technology/gap-lists/


Exoplanet Exploration Program

ExEP’s Decadal Survey Testbed
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The DST established a new record 3.8x10-10 contrast using a classic 
Lyot coronagraph mask:  550 nm, 10% bandpass, 3-8 λ/D

Credit:  N. Siegler



Exoplanet Exploration Program

https://exoplanets.nasa.gov/exep/technology/starshade/

Starshade Technology Development
Starlight Suppression and Model Validation

Frick Testbed, Princeton University
Lead: Anthony Harness

Met < 10-10 contrast goal at the inner working angle, 
640-725 nm

Credit:  N. Siegler

https://exoplanets.nasa.gov/exep/technology/starshade/


Credit: http://www.swisswintersports.co.uk

1 cm/s ?

10 cm/s

1 m/s

10 m/s

30 cm/s

3 m/s

Computation and Statistical Methods

Observational Strategies

Calibration Challenges

Telluric Contamination

Stellar Activity

RV Pipelines

Near-IR EPRV

Stellar Oscillations and Granulation

Detectors

ExEP Report on Future of EPRV - Eric Mamajek - ExoPAG 20 - 6/23/2019 26
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From P. Hertz’ CAA Presentation, March 2019

ExEP Report on Future of EPRV - Eric Mamajek - ExoPAG 20 - 6/23/2019 



Engage!



Ways to Engage NASA Exoplanet Program and Community
For Astrobiology Community:

• Be relevant to Agency goals:  reference science 
and technology gap lists during proposals

• Participate in EPRV Initiative – interdisciplinary
• Engage through NExScI:  archive, Sagan 

summer workshops
• Attend ExoPAG – student travel support

– https://exoplanets.nasa.gov/exep/exopag/
• Show us what to measure, what 

technologies we need to develop
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Credit:  Clara Sousa-Silva
Curious Case of Phospine
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"All these worlds are yours" 
- Arthur C. Clarke



jp l .nasa.gov
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Exoplanet Mission Concepts

Large Scale

Medium Scale Concepts Visionary
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EarthFinder
Starshade
Rendezvous

LUVOIR

Habitable
Exoplanet
Observatory

Origins Space
Telescope

https://science.nasa.gov/astrophysics

Life-Finder
Interferometer


