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Exoplanet Exploration Program

Discussion Outline 

1. How ExEP Technology needs are identified and prioritized

2. Current technology needs
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Exoplanet Exploration Program

ExEP Technology Development Team
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Exoplanet Exploration Program

How Technology Needs are 

Identified and Prioritized
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Exoplanet Exploration Program

Driving Documents
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• #1 large-scale 

recommendation: 

WFIRST

• #1 medium-scale 

recommendation: 

Preparation for a 

planet imaging 

mission (HabEx)

• LUVOIR Surveyor

• Far-IR Surveyor

• X-Ray Surveyor

• Earth Mapper 

(interferometer)

• Confirms WFIRST 

as #1 Division 

priority after 

JWST

• Commissions 

Exo-C and Exo-S 

probe-class 

studies



Jet Propulsion Laboratory

California Institute of Technology

Spitzer

Kepler

JWST2

TESSMissions

New Worlds 

Telescope

WFIRST

Gaia

PLATO

CHEOPS

NASA

Missions

ESA/European

Missions

1 NASA/ESA Partnership
2 NASA/ESA/CSA Partnership
3 CNES/ESA Partnership

Hubble1

CoRoT3
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First high-contrast 

coronagraph;

starshade to be 

studied

2020 Decadal Survey 

Mission Concept Studies
 FAR IR Surveyor 

 Habitable Exoplanet Imaging 

Mission

 Large UV/Optical/IR Surveyor 

 X-ray Surveyor



Exoplanet Exploration Program

The ExEP Technology Focus

Enabling the science capability to directly image and spectrally 

characterize exo-Earths in the HZ and beyond of Sun-like stars . 

– most other valuable exoplanet science goals can be achieved 

along the way (study of larger planets, disk science, planetary 

orbits, etc)
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ExEP Technology Gap Lists

Coronagraph Technology Gap List

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

Starshade Technology GaStarshade Technology Gap List

Coronagraph/Telescope 

Technology Gap List
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ExEP Technology Spinoffs

WFIRST Coronagraph 

Instrument

Starshade Technology 

Project



Exoplanet Exploration Program

Technology Needs and Prioritization Process

ID Activity Date

1 Technology Needs Input Window Opens 06/08/16

with email to the ExoPAG: Technology Gap Lists, Input Forms, process 

explanation

presentation at June ExoPAG 06/12/16

2 Technology Window Closes 08/26/16

3 Prioritization Criteria Concurred by the ExEP 09/15/16

4 Technology Gaps Prioritized by the ExEP 10/20/16

5 Technology Gap Lists Inform TDEM Amendment mid-Nov

Technology Amendment released through NSPIRES mid-Dec

6 ExEP Technology Plan Appendix Updated and Posted 12/22/16

Presentation at Winter ExoPAG 01/02/17

7 TDEM Proposal Deadline 03/17/17

8 TDEM Awards Selected Aug 2017
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– Enabling technologies only - requires ExEP iteration with community members

– PCOS/COR Technology team involved in every step; ExEP involved in their prioritization 

process



Exoplanet Exploration Program

Current Technology Needs
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Coronagraph 

Architectures (CG-2)

Detection Sensitivity

Mirrors

Starlight Suppression
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Deformable mirrors (CG-3)

Image post-processing (CG-4)

WFE Stability

Wavefront sensing 

and control (CG-5)

Ultra-low noise visible 

detectors (CG-8)

Large monolith (CG-1)

Segmented  (CG-1)

Segment phasing and rigid body

sensing and control (CG-6)

Telescope vibration 

sensing and control (CG-7)

Coronagraph/Telescope Technology Gaps

Ultra-low noise infrared 

detectors (CG-9)



Starshade Technology Gaps

Starlight Suppression

Suppressing starlight and 

validating optical model (S-1)

Controlling Sunlight scattering 

off petal edges (S-2)

Positioning the petals to high precision, blocking on-axis starlight,

maintaining overall shape on a highly stable structure (S-5)

Fabricating the petal 

to high precision (S-4)

Formation Sensing 

and Control 

Deployment Accuracy 

and Shape Stability

Maintaining lateral offset requirement 

between the spacecrafts (S-3)

13



Exoplanet Exploration Program

Nominated New ExEP Technologies

Focus has been on technologies enabling the direct imaging of 

exoplanets.

Other?

• warp drives

• correlated-line spectral technique (Mawet)

• 10 cm/s RV

• polarization

• interferometry
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Exoplanet Exploration Program

Additional Slides
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Coronagraph 

Architectures (CG-2)

Detection Sensitivity

Mirrors

Starlight Suppression
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Deformable mirrors (CG-3)

Image post-processing (CG-4)

WFE Stability

Wavefront sensing 

and control (CG-5)

Ultra-low noise visible 

detectors (CG-8)

Large monolith (CG-1)

Segmented  (CG-1)

Segment phasing and rigid body

sensing and control (CG-6)

Telescope vibration 

sensing and control (CG-7)

Coronagraph Technology Gaps

Ultra-low noise infrared 

detectors (CG-9)



Starshade Technology Gaps

Starlight Suppression

Suppressing starlight and 

validating optical model (S-1)

Controlling Sunlight scattering 

off petal edges (S-2)

Positioning the petals to high precision, blocking on-axis starlight,

maintaining overall shape on a highly stable structure (S-5)

Fabricating the petal 

to high precision (S-4)

Formation Sensing 

and Control 

Deployment Accuracy 

and Shape Stability

Maintaining lateral offset requirement 

between the spacecrafts (S-3)
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Exoplanet Exploration Program

Technology Needs and Prioritization Process 

Timeline
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Activity Resp J F M A M J J A S O N D J F M A M J J A S O N D

ExEP Technology Needs and 

Prioritization Process 
 

TNPP and TGL Presented to ExoPAG 

EC
TDM 1st Tue

TGL Window Opens TDM
day 

after 

TGL Presented at Summer ExoPAG TDM
mid-

month

TGL Window Closes  last Fri

TGL Prioritization Criteria Concurred TDM
2nd 

week

TGL Prioritization  TDM
mid-

month

Present Final TGL to ExoPAG EC and PSTDM 1st Tue

Provide Input to TDEM Amendment

PCT, 

PS, 

TDM

mid-

month

Update Technology Plan Appendix TDM
mid-

month

TGL Presented at Winter ExoPAG TDM
1st 

week

TDEM Year TDEM Year plus 1



Exoplanet Exploration Program

TDEM Timeline
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Activity Resp F M A M J J A S O N D J F M A M J J A S O N D

TDEM Process

Solicitation Released PS
mid-

month
 

Amendment Posted PS
mid-

month

Pre-Proposal Briefing Telecon PS
mid-

month

Proposal Due
mid-

month

Proposals Selected PS

by 

month 

end

TDEM Year TDEM Year plus 1



ExoPlanet Exploration Program

Astrophysics Technology Gap Process 
and 2016 SAT Timeline

HabEx Imaging STDT

LUVOIR Surveyor STDT

FIR Surveyor STDT 

Organized/Prioritized by Published in

X-ray Surveyor STDT 

COR PATR

ExEP Tech Plan

October 2016

December 2016

PCOS PATR

October 2016

O1 tech gaps deliverable (optional) from

HQ posts 
amendments
to SAT calls 

Nov – Dec 2016

 Non-Exoplanet-related gaps due June 30, 2016; Exoplanet-related gaps due August 26, 2016.
 Community technology gap inputs are also provided to the respective Program Offices (POs) to be prioritized each year by the Programs’ 

Technology Management Boards (TMBs) for COR and PCOS and by the ExEP PO.
 Program Chief Technologists participate in each other’s technology prioritization processes.
 Current Program Annual Technology Reports (PATRs) and Technology Plan are available on respective Program websites.
 Gaps identified in M3 (2/2017) and O2 (6/2017) Study Deliverables can also influence the 2016 SAT funding or directed funding decisions.
 SAT funding nominally starts in January but could be ±3 months depending on receiving organization.

ExEP PO

COR PO/TMB

August 2016

October 2016

PCOS PO/TMB

August 2016

SAT 
proposals 

due

Proposals 
awarded

August 2017March 2017

SAT funding 
begins

January 2018



M3



O2

Astrophysics 
Division 

Programmatic 
Decisions

Nov - Dec 2016

Gaps due Jun 30, 2016 
and Aug 26, 2016

(see below)



Exoplanet Exploration Program

Proposed 2017 Coronagraph Technology Gap List (1/2)
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Exoplanet Exploration Program

Proposed 2017 Coronagraph Technology Gap List (2/2)
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Exoplanet Exploration Program

Proposed 2017 Starshade Technology Gap List
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ID Title Description Current Capabilities Needed Capabilities

S-2

Optical 

Performance 

Demonstration 

 and Validated 

Optical Model

Experimentally validate the 

equations that predict the 

contrasts achievable with a 

starshade. 

3x10
-10

 contrast at 632 nm, 5 cm mask, 

and ~500 Fresnel #; validated optical 

model

9x10
-10

 contrast at white light, 58 cm 

mask, and 210 Fresnel #

Experimentally validate models predicting  

contrast to ≤ 10
–10

 just outside petal edges 

in scaled flight-like geometry with Fresnel 

numbers ≤ 20 across a broadband optical 

bandpass.

S-1 

Controlling 

Scattered Sun 

Light

Limit edge-scattered 

sunlight and diffracted 

starlight with optical petal 

edges that also handle 

stowed bending strain.

Machined graphite edges meet all specs 

but edge radius (10 um); etched metal 

edges meet all specs but in-plane shape 

tolerance (Exo-S design). 

Integrated petal optical edges maintaining 

precision in-plane shape requirements 

after deployment trials and limiting 

contrast contribution of solar glint to < 10
-

10
 at petal edges. 

Fo
rm

at
io

n
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e
n

si
n

g 
an

d
 C

o
n

tr
o

l

S-3

Lateral 

Formation 

Sensing

Demonstrate lateral 

formation flying sensing 

accuracy consistent with 

keeping telescope in 

starshade’s dark shadow.

Centroid star positions to ≤ 1/100
th

 pixel 

with ample flux. Simulations have shown 

that sensing and GN&C is tractable, 

though sensing demonstration of lateral 

control has not yet been performed.

Demonstrate sensing lateral errors ≤ 0.30 

m accuracy at scaled flight separations (±1 

mas bearing angle).

Estimated centroid positions to ≤ 1/40
th 

 

pixel with limited flux from out of band 

starlight. 

Control algorithms demonstrated with 

scaled lateral control errors corresponding 

to ≤ 1 m. 

S-5

Petal 

Positioning 

Accuracy and 

Opaque 

Structure

Demonstrate that a 

starshade can be 

autonomously deployed to 

within its budgeted 

tolerances after exposure to 

relevant environments.

Petal deployment tolerance (≤ 1 mm) 

verified with low fidelity 12m prototype 

and no optical shield; no environmental 

testing (Exo-S design).

Deployment tolerances demonstrated to ≤  

1 mm (in-plane envelope) with flight-like, 

minimum half-scale structure, simulated 

petals, opaque structure, and interfaces to 

launch restraint after exposure to relevant 

environments.

S-4
Petal Shape 

and Stability

Demonstrate a high-fidelity, 

flight-like starshade petal 

meets petal shape 

tolerances after exposure to 

relevant environments.

Manufacturing tolerance (≤ 100 µm) 

verified with low fidelity 6m prototype 

and no environmental tests.

Petal deployment tests conducted but on 

prototype petals to demonstrate rib 

actuation; no shape measurements.

Deployment tolerances demonstrated to ≤ 

100 µm (in-plane envelope) with flight-like, 

minimum half-scale petal fabricated and 

maintains shape after multiple 

deployments from stowed configuration.

Proposed 2017 Starshade Technology Gap List
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Exoplanet Exploration Program

2016 Gap Prioritization Criteria 
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Legend for Technology Gap Prioritization

Impact:
4: Critical and key enabling technology - required to meet mission concept objectives; without this 

technology, applicable missions would not  launch

3: Highly desirable - not mission-critical, but provides major benefits in enhanced science capability, 

reduced critical resources need, and/or reduced mission risks; without it, missions may launch, but 

science or implementation would be compromised

2: Desirable - not required for mission success, but offers significant science or implementation 

benefits; if technology is available, would almost certainly be implemented in missions

1: Minor science impact or implementation improvements; if technology is available would be 

considered for implementation in missions

Urgency: 4: In time for the Decadal Survey (2019); not necessarily at some TRL but reduced risk by 2019

3: Possible launch date < 10 yr (< 2025)

2: Possible launch date < 15 yr (< 2030)

1: Possible launch date > 15 yr (> 2030)

Trend:
4: Very large perceived risk of not being ready in time: (a) no ongoing current efforts (b)  little or no 

funding allocated 

3: Large perceived risk of not being ready in time: (a) others are working towards it but little results 

or their performance goals are very far from the need, (b) funding unclear, or (c) time frame not 

clear 

2: Medium perceived risk of not being ready in time: (a) others are working towards it with 

encouraging results or their performance goals will fall short from the need, (b) funding may be 

unclear, or (c) time frame not clear 

1: Small perceived risk of not being ready in time: (a) others are actively working towards it with 

encouraging results or their performance goals are close to need, (b) it's sufficiently funded, and (c) 

time frame clear and on time



Exoplanet Exploration Program

Technology or Engineering?
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TRL/TRA Guidelines

Frerking et al (JPL) in review


