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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 
by implementing NASA’s space science vision 
for exoplanets

https://exoplanets.nasa.gov

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



Credit: ESO/M.Kornmesser

Our nearest stellar neighbors – 4 light 
years away: !"# $ %#&'()*+ '*+,-# ./.'#0

1 %#& A / Rigil Kentaurus
1 %#& B / Toliman

1 %#& C / Proxima Centauri

{

Exoplanet Proxima Centauri b
Orbital period: 11 days
Orbital separation: 0.05 astronomical unit
Mass: >1.3 Earth mass
Doppler amplitude 1.4 meter/second
(Anglada-Escude et al. 2016)

EPRV is discovering and characterizing important exoplanet targets in search for life!
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TODAY 2020S 2025S
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Challenge to Directly Image 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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Important reminder: 

NASA doesn’t invest in ground-based 
astronomy for the sake of doing 
good science; NASA invests in ground-based 
astronomy because there is a compelling 
mission need to do so.  



Plavchan, 
Latham
et al. 
(2015)
ExoPAG 
SAG 8 
report

(WFIRST)



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. !⨁)
• 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/

EPRV-related

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


Exoplanet Science Strategy (2018)
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ESS (2018) National Academies report can be downloaded at:
https://www.nap.edu/catalog/25187/exoplanet-science-strategy

NASA Auth. Bill S.442 (2017)

https://www.nap.edu/catalog/25187/exoplanet-science-strategy


Exoplanet Science Strategy (2018) (2018)



Exoplanet Science Strategy (2018) key recommendations:

Recommendation: NASA should lead a large strategic direct imaging mission 
capable of measuring the reflected-light spectra of temperate terrestrial planets 
orbiting Sun-like stars.
Recommendation: The National Science Foundation should invest in both the 
GMT and TMT and their exoplanet instrumentation to provide all-sky access to 
the U.S. community.
Recommendation: NASA should launch WFIRST to conduct its microlensing 
survey of distant planets and to demonstrate the technique of coronagraphic 
spectroscopy on exoplanet targets.
Recommendation: NASA and NSF should establish a strategic initiative in 
extremely precise radial velocities (EPRVs) to develop methods and facilities for 
measuring the masses of temperate terrestrial planets orbiting Sun-like stars.
Recommendation: NASA should create a mechanism for community-driven 
legacy surveys of exoplanet atmospheres early in the JWST mission. 
Recommendation: Building on the NExSS model, NASA should support a cross-
divisional exoplanet research coordination network that includes additional 
membership opportunities via dedicated proposal calls for interdisciplinary 
research.
Recommendation: NASA should support a robust individual investigator 
program that includes grants for theoretical, laboratory, and ground-based 
telescopic investigations; otherwise, the full scientific yield of exoplanet 
missions will not be realized.



NAS Exoplanet Science Strategy (2018)



ESS Recommendation: EPRV Initiative
(p.6-2)

NAS Exoplanet Science Strategy (2018)



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

• Community access to Keck HIRES (managed through Keck Cooperative 
Agreement for NASA time), and recently additional time purchased on 
SMARTS 1.5-m (CHIRON) and AAT (VELOCE) to help w/TESS followup

• KPF on Keck will be available 2020. 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)
14



Extreme Precision Doppler Spectrometer

NASA/NSF Partnership for Exoplanet 
Research

• Motivation

– 2010 Decadal Survey called for precise 
ground-based spectrometer for exoplanet 
discovery and characterization

– Follow-up & precursor science for current 
missions (K2, TESS, JWST, WFIRST)

– Inform design/operation of future missions

• Scope:

– Extreme precision radial velocity spectrometer 
(<0.5 m/s) with 40% of time on WIYN telescope 

• Penn State NEID proposal selected in March 2016  

• Instrument to be commissioned late 2019

• R= 100,000; 380-930 nm wavelength coverage

– Guest Observer program using NOAO share 
(40%) of telescope time for exoplanet research 

3.5m WIYN Telescope
Kitt Peak National Observatory
Arizona
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PI: S. Mahadevan 

NN-Explore Exoplanet

Investigations with 
Doppler Spectroscopy



EarthFinder: Taking PRV to 
Space• Study brightest 50 targets for imaging missions

• 1.45 m telescope in Earth-trailing/L2 orbit

– Visible Spectrometer: 0.4-0.96 µm at R=170,000 
(0.6/l)

– Near-IR Spectrometers: 0.96-2.4 µm  at  R=170,000 
(1.6/l)

– Small UV Spectrometer for MgII chromospheric 
activity: 0.28-0.38 µm

• No Telluric atmospheric effects

• Extreme Resolution and l coverage  to reduce jitter

– R>150,000 & continuum normalization for line 
analysis

– Vis-NIR color to isolate jitter from Doppler signals

• L2 Orbit for Instrument Stability

• Line Spread Function  from single mode fibers

• mK thermal control for <10 cm/s measurement accur.

• Micro-resonator LFC for 1 cm/s long term stability

• High cadence (70% of sky >180d; 30% CV) reduces 
aliasing

EarthFinder Probe Mission Concept Study

PI: Peter Plavchan 
& team of 55 coauthors

credit: Peter Plavchan



from NASA ExEP Technology Plan (2019)

17

ExEP Technology Plan: https://exoplanets.nasa.gov/exep/technology/technology-overview/
NASA Research Opportunities in Space & Earth Sciences (ROSES)                                   
Strategic Astrophysics Technology (SAT) Program – see languages in proposal calls

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


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



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

1 cm/s ?

10 cm/s

1 m/s

10 m/s

30 cm/s

3 m/s



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



Closing Comments
• EPRV provides essential NASA mission support for follow-up 

validation and characterization of transiting exoplanets, 
determination of masses and orbits, and target identification 
for future direct imaging missions (more generally: EPRV is 
essential tool for both the ground- and space-based paths in 
the quest to detect biosignatures, hopefully within next 
decade or two)

• NASA and NSF are partnering on response to 
recommendations from National Academies  Exoplanet 
Science Strategy (ESS) report regarding EPRV (Stay tuned)

• See you at EPRV5 !

https://exoplanets.nasa.gov/exep/
mamajek@jpl.nasa.gov

Sign up for ExoPAG email list for ExoPAG, ExEP news and exoplanet events: 
https://exoplanets.nasa.gov/exep/exopag/announcementList/

https://exoplanets.nasa.gov/exep/
mailto:mamajek@jpl.nasa.gov
https://exoplanets.nasa.gov/exep/exopag/announcementList/
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