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EXEP’s Technology Focus

Exoplanet Exploration Program

The EXEP’s Technology Gap List (TGL) responds to the missions and
technologies cited in the Astrophysics Implementation Plan (AIP),
which in turn responds to the 2010 Decadal Survey and mid-decadal
assessment.

The AIP calls for studies of large- and probe-class missions for the
direct imaging and characterization of exoplanets.

The TGL (and the annual Technology Plan Appendix) responds to the
enabling and enhancing technology needs of these missions.

The TGL and the Appendix are used to guide investments, including
the SAT/TDEM and directed development or IR&D development.
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Technology Gaps Selection Criteria

Exoplanet Exploration Program
1. Technology gaps considered for tracking and development by the

EXEP must support APD exoplanet science missions as:

. described in the Astrophysics Implementation Plan;

. directed through the Science Mission Directorate;

. selected through open competition;

. described in the APD 30-year roadmap; or,

. defined by the needs of the 2020 Decadal Survey large mission concepts.

2. The subset of these gaps that either enables or enhances the direct
detection and characterization of exoplanets are selected and
prioritized onto the EXEP Technology Gap List (TGL).

= Technologies that address these gaps are the ones prioritized for development
and considered for resource allocation

= The list is published in the annual Technology Plan Appendix

= Some of these technologies may be funded outside of the EXEP and will require
collaboration amongst programs.

3. The remaining technology gaps are considered to benefit exoplanet
science and will be captured onto a second “Watch List” in the annual
Technology Plan Appendix

« These gaps will be tracked and re-evaluated annually for potential TGL inclusion



Input from the community

Exoplanet Exploration Program

 Received 21 Technology Gaps
— 7 from LUVOIR STDT
— 2 from HabEx STDT (on top of current EXEP gap list)
— 8 from Far-IR Surveyor STDT
— 4 from community at large

 Most were consolidated within existing gaps or merged
with each other



Technology Selection and Prioritization Process

Exoplanet Exploration Program
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Output from the Selection Process

Exoplanet Exploration Program

Zero new enabling technologles
— Polarization, for the first time, added to Coronagraph Architecture gap

Four new enhancing technology gaps added to the gap list
— UV Ultra-low Noise Detector (LUVOIR)
— UVNis/NIR Mirror Coatings (LUVOIR/HabEX)
— Extreme Precision Ground-based Radial Velocity (HabEXx)
— Mid-IR Spectral Coronagraph (OST)

Four gaps for the Watch List (not currently recommended
for funding from ExXEP)

— Sub-Kelvin Coolers (OST)

— Advanced Cryocooler (OST)

— mid-IR Ultra-low Noise Detectors (LUVOIR)
— Astrometry

2017 version of Technology Gap List posted here:
https://lexoplanets.nasa.qov/exep/technoloqgy/qgap-lists/




The Enabling Coronagraph/Telescope Technology
Contrast Gaps
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The Enhancing Coronagraph/Telescope Technology
Contrast Gaps
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Starshade Technology Needs
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Table A.4 Starshade Technology Gap List

EXEP Technology Plan Appendix
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Exoplanet Exploration Program
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EXEP Technology Web Colloquium Series

Exoplanet Exploration Program

Brings together exoplanet scientists and technologists from WFIRST, LUVOIR,
HABEX, and general community to discuss recent technology results

First installment was on November 29, 2016:
o Title: The ExEP Segmented Coronagraph Design Analysis Study
o Speakers: S. Shaklan (JPL), G. Ruane (Caltech), N. Zimmerman (STScl),
R, Belikov (NASA-Ames), O. Guyon (UA)
o If you missed it, see the archived audio/video

Second telecon scheduled for January 23, 2017 (10 am PST)
o Title: Edge Sensors for Segmented Telescopes
o Speakers: S. Knight (Ball), C. Shelton (JPL)

NASA EXOPLANET PROGRAM Technology
Te

chnology Overview  Technology Needs and Gap Lists ~ TDEM Awards  EXEP Technology Colloquium Series

ExEP Technology Colloquium Series

Upcoming Seminars

Januan 'y 23,2017

Location: 321-129 at 10:00am - 12:00pm

Webex: https://jpl.webex.com/jpl/j.php?MTID=m917562be0a3362c2ba5105c50ceadf56
Meeting number (access code): 906 738 405

Audio: 1-510-210-8882 Passcode: 906 738 405

Title: Edge Sensors for Segmented Mir

Abstract: TBA
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https://exoplanets.nasa. qov/exep/technoloqv/tech Colloqwum/




2017 Prioritization Criteria -

Exoplanet Exploration Program

Impact 4: Critical technology - required to meet mission concept objectives; without this technology,
(weight: 10) [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: reduced risk needed for missions currently in pre-formulation or formulation.
(weight: 10)
3: In time for the Decadal Survey (2019); not necessarily at some TRL but reduced risk by 2019.
2: Earliest projected launch date < 15 yr (< 2030)
1: Earliest projected launch date > 15 yr (> 2030)
Trend 4:(a) no ongoing current efforts, or (b) little or no funding allocated
(weight: 5)

3: (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: (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: (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

Footnote: to be deemed “ready,” the technology is available to NASA at TRL 6 by the earliest possible
Preliminary Design Review (PDR) of a mission; or at TRL 5 by the start of Phase A




2017 EXEP Technology Gap List

Exoplanet Exploration Program

Prioritized List

Enabling Gap
S-2 Starlight Suppression and Model Validation 4 4 2 90 Enhancing Gap
S-1 Control Edge-Scattered Sunlight 4 4 2 90 Watch List
S-3 Lateral Formation Flying Sensing 4 4 2 90
S-4 Petal Shape 4 4 2 90
S-5 SS Deployment and Shape Stability 4 4 2 90
CG-1 Large Aperture Mirrors 4 3 3 85
CG-2 Coronagraph Architecture 4 3 3 85
CG-6 Mirror Figure / Segment Phasing, Sensing & Control 4 3 3 85
CG-7 [Telescope Vibration Control 4 3 3 85 Watch List
CG-9  |NIR Ultra-Low Noise Detector 4 3 3 85 Sub-Kelvin Coolers
CG-3  |Wavefront Sensing and Control 4 3 2 80 R — Cryocooler
Ce Dol e & ¢ 2 | 8 | IMid-IR Ultra-low Noise Detector
CG-8 |Visible Ultra-Low Noise Detector 4 3 2 80 Astrometry
M-1 Extreme Precision Radial Velocity 3 3 3 75
CG-4 Post-Data Processing 4 2 2 70
CG-10 |UV/NIR/Vis mirror coatings 3 3 2 70
CG-11 [Mid-IR Spectral Coronagraph 2 3 3 65
CG-12 |UV Ultra-low noise detector 2 3 2 60




Conclusions

Exoplanet Exploration Program

2017 Technology Gap List reflects a more formalized and
inclusive selection and prioritization process

included inputs from the community, in particular STDTs
Included participation from other program offices
reviewed by ExoTAC

We'll repeat this process starting in June

Received 21 new Gaps from the community

Five were either redundant with each other or already captured on
the existing gap list

Four were folded into the existing gap list (all polarization-related)
Four enhancing gaps added to the prioritized list

Three gaps added to Watch List

Five not selected

Results from this process provided to SAT/TDEM Program
Officer at NASA HQ



Recommendation for EXEP Investments

S-2 Starlight Suppression and Model Validation

S-1 Control Edge-Scattered Sunlight

S-3 Lateral Formation Flying Sensing

S-4 Petal Shape

S-5 SS Deployment and Shape Stability

CG-1 |Large Aperture Mirrors

CG-2 |[Coronagraph Architecture

CG-6 Mirror Figure / Segment Phasing, Sensing &
Control

CG-7 [Telescope Vibration Control

CG-9 |NIR Ultra-Low Noise Detector

CG-3 |Wavefront Sensing and Control

CG-5 |Deformable Mirrors

CG-8 |Visible Ultra-Low Noise Detector

M-1 Extreme Precision Radial Velocity

CG-4 |Post-Data Processing

CG-10 [UV/NIR/Vis mirror coatings

CG-11 |Mid-IR Spectral Coronagraph

CG-12

UV Ultra-low noise detector

Exoplanet Exploration Program

Starshade technology development activity

Starshade technology development activity
Starshade technology development activity
Starshade technology development activity

Starshade technology development activity

Solicited in SAT/TCOR-16; and in SAT/TDEM-16 only as part of a
systems-level study

Solicited in SAT/TDEM-16

Solicited in SAT/TDEM-16 only as part of a systems-level study

Solicited in SAT/TCOR-16; and in SAT/TDEM-16 only as part of a
systems-level study

Solicited in SAT/TCOR-16

Solicited in SAT/TCOR;-16 and in SAT/TDEM-16 only as part of a
systems-level study; currently being advanced by WFIRST project
Solicited in SAT/TDEM-16 only as part of a systems-level study

Solicited in SAT/TCOR-16

NN-EXPLORE; ADAP, ATP possibly provide opportunities for data
analysis / stellar jitter theory

Currently being advanced by WFIRST project

Solicited in SAT/TCOR-16; and SAT/TDEM-16 only as part of a
systems-level study

Solicited in SAT/TCOR-16

Solicited in SAT/TCOR-16



