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A Program within the NASA Astrophysics Division

NASA Exoplanet Exploration 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 

The Search for Life in our Galaxy 

ExEP serves the science community and NASA APD by 

Implementing NASA’s space science vision for exoplanets

http://exep.jpl.nasa.gov
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Mission Concepts that Employ a Starshade

• Exoplanet Probe Studies (2013-15)

– Exo-S Stand Alone (30m shade, 1.1m aperture)

– Exo-S Rendezvous CS (34m shade, 2.4m aperture)

• Probe Extended Studies (2016)

– Exo-S Rendezvous ES (use SEP for starshade)

– Alternative architectures (Cash et al)

• Decadal Large Mission Studies (2016-19)

– Habitable Exoplanet Imager

– LUVOIR



Exo-S:

External Occulter
(Starshade)

S. Seager, 
STDT Chair, MIT

High-Contrast Imaging

Probe-Scale studies

Exo-C:

Internal Occulter
(Coronagraph)

K. Stapelfeldt, 
STDT Chair, GSFC

Ground rules:

• Compelling Science beyond 

ground capability at time of 

mission

• $1B LCC confirmed by Aerospace 

CATE

• Launch 2024

• TRL 5 by end of Phase A, TRL 6 

by end of Phase B

Purpose

• Alternatives for 2017 new start

• Motivate technology investments

• Candidates for next Decadal 

Survey



Exo-S Mission Concepts

Dedicated (Co-Launched) Mission

• Telescope: 1.1 m 

• Retargeting: by the telescope s/c (SEP)

• $1.1B lifecycle cost

Rendezvous Mission

• Telescope: WFIRST/AFTA 2.4 m is adopted

• Orbit: Earth-Sun L2

• Retargeting: by the starshade spacecraft

• Minimal impact to telescope to be “starshade ready” 

• $0.6B lifecycle cost

Common to both:

• Starshade design (30 m vs. 34 m diameter)

• Formation-flying over ~35,000 km separation

• 3 Year Mission

• Science:

• Spectra or colors for 30 planets.

• Access to several Earths in HZ of their stars
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NASA Exoplanet Exploration Program

Technology Gap Lists

Coronagraph Technology Gap List

http://exep.jpl.nasa.gov/technology/

Starshade Technology Gap List



Starshade Technology Needs

Precision Deployable Structures

Lateral Formation 

Flying Sensing

Diffraction and Scattered 

Light Control

Optical demonstration and 

model validation

Solar glint

Inner disk deployment

Lateral formation sensing

Petal deployment

Petal shape



Starshade Technology Gap List



(3) Half-scale inner disk 

verifying deployment  

and petal positioning 

tolerances

(4) Sub-scale test 

demonstrating lateral 

formation flying sensing 

accuracy

(2) Full-scale latching and 

unfurling mechanism 

verifying controlled petal 

deployment with no edge 

contact during and after 

launch

Key validated models and 

analyses predicting:

(5) Optical performance with 

validated optical model

(6) Maximum micro-

meteoroid hole area

(7) Error budget and draft 

requirements for a possible 

mission concept

Technology Demonstrations to TRL 5

(1) Full-scale petal verifying 

optical shape and edge 

scatter performance



The Starshade Technology Project

• Purpose:  achieve TRL5 by 2019

• Directed funding and reprogramming of 

competed funds

• KDP-A (to enter Formulation) March 2016

• Managed by ExEP at JPL for APD, as a 

technology project

• Intent is broad institutional participation and 

funding



The Starshade Readiness Working Group (SSWG)

• Chartered by NASA APD:  http://exep.jpl.nasa.gov/sswg/

• Require a risk reduction plan for technology validation of starshades

to enable starshade flight science missions to be considered in 2020 

Decadal Survey

• Will answer these questions and deliver recommendation to APD by 

July 2016:

– How to go from TRL 5 to ~TRL6,7

– Do we need a tech demo, and if so, what is it?

• Will adopt the Exo-S probe “Starshade Rendezvous” as 

representative motivation of technology requirements

• Will establish TRL and validation success criteria, generate options, 

choose the strongest recommendation (consensus) for APD

• Chairs:  G. Blackwood (ExEP/JPL), S. Seager (MIT)
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#5: Demonstrate Precision, Lateral Formation-

Sensing over Simulated Long-Distances
Need:
• Sense relative lateral offsets between telescope and 

starshade to enable ±1 m control at 50,000-km 
separations
o ≤ 30 cm sensing knowledge (≤ 1.25 mas angle offset)

• Demonstrate synchronized deadband control in two 
lateral axes with different disturbances over period 
of days

Current Capabilities:
• Starshade formation flying parameters are unique to NASA 

o HST Fine Guidance Sensors accurate to ~1 mas
o ESA Proba 3 formation flying scheduled to measure 30 

mas offset at ~150m 
o GRAIL and GRACE are ~200 km separations, no bearing 

control, just RF ranging

• Unsynchronized, short-term deadbanding for 30 min long 
rendezvous and docking 


