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Towards the Detection of Exo-Earths
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We are 

currently here

WFIRST will take us 

here: 3x10-9  

Need for Earth Study

• Contrasts achieved after post-processing

• Solar system planets shown at 10 pc 

Ground will take us here (> 2027)
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How a Coronagraph Works



Coronagraph 

architectures

Detection Sensitivity

Angular Resolution

Contrast
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Deformable mirrors

Image post-processing

Contrast Stability

Wavefront

sensing and control

Large monolith

Segmented 

Segment phasing and rigid body 

sensing and control

Telescope vibration 

sensing and control

Coronagraph/Telescope Technology Needs

Ultra-low noise visible and infrared detectors



Coronagraph 

architectures

Detection Sensitivity

Angular Resolution

Contrast
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Deformable mirrors

Image post-processing

Contrast Stability

Wavefront

sensing and control

Large monolith

Segmented 

Segment phasing and rigid body 

sensing and control

Telescope vibration 

sensing and control

Technology Advancement by the WFIRST 

Coronagraph

Ultra-low noise visible and infrared detectors
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Segmented Coronagraph Design Analysis
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NASA’s High Contrast Imaging Testbeds (JPL)

WFIRST 

coronagraph 

dynamic testbed

Decadal Survey 

Testbed



Starshade Concept 



Separation distance 

30,000 – 50,000 km

±250 km 
±1m lateral 

control

Starshade 

diameter 34 m
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Inner Working Angle



Starshade Technology Needs

(1) Light Suppression

Suppressing diffracted light 

from on-axis starlight 

(3) Formation 

Sensing and Control 

(2) Deployment Accuracy 

and Shape Stability
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Desert Testing of the Starshade 

Credit: Northrop Grumman Aerospace Systems



Desert Testing of the Starshade

Credit: Northrop Grumman Aerospace Systems



simulated planet 100 million times 
fainter

Desert Testing of the Starshade

Credit: Northrop Grumman Aerospace Systems



Optical Demonstrations at Princeton University

Jeremy Kasdin (Princeton)



Starshade Technology Needs

(1) Light Suppression

Suppressing diffracted light 

from on-axis starlight 

(3) Formation 

Sensing and Control 

(2) Deployment Accuracy 

and Shape Stability
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Suppressing scatted light off petal 

edges from off-axis Sunlight 

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

maintaining overall shape on a highly stable structure 

Fabricating the petal 

to high precision 
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Inner Disk Prototype Deployment Trial at JPL
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2 m Optical Shield Prototype Deployment Trial at JPL



Video of 5m5 m Origami Optical Shield Deployment Trial at JPL



Starshade Technology Needs

(1) Starlight Suppression

Suppressing diffracted light 

from on-axis starlight 

Suppressing scatted light off petal 

edges from off-axis Sunlight 

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

maintaining overall shape on a highly stable structure 

Fabricating the petal 

to high precision 

(3) Formation 

Sensing and Control 

(2) Deployment Accuracy 

and Shape Stability

Maintaining lateral offset requirement 

between the spacecrafts
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Recent Starshade Technology News

 NASA-chartered starshade technology activity in March

– Starshade Technology Project advances technology to TRL-5

 Starshade Readiness Working Group commenced in January to 

identify the recommended path to flight for a starshade mission.

– Multi-institutional working group and participation

– Report out to NASA HQ by end of month

 WFIRST is assessing the impact of accommodating a future 

starshade mission

– Final decision will be made no later than summer of 2017.
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ExEP Technology Gap Lists

Starshade Technology GaStarshade Technology Gap List

Coronagraph/Telescope 

Technology Gap List

https://exoplanets.nasa.gov/exep/technology/technology-overview/
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Opportunities to Participate

• Propose for a NASA Strategic Astrophysics Technology (SAT) 

– for TRL 3-5 (http://nspires.nasaprs.com/external/)

• Propose for an NASA Astrophysics Research and Analysis (APRA) 

grant

– TRL 1-2 (http://nspires.nasaprs.com/external/)

• Propose for a NASA Small Business Innovation Research (SBIR) 

grant

– All ExEP technology gaps are mapped to the 2015 NASA Technology 

Roadmaps

 http://www.nasa.gov/offices/oct/home/roadmaps/index.html

• Competed work solicited by the Starshade Technology Project
– Workshop date to be announced (to be scheduled before end of CY16)

• Visit the Exoplanet Exploration Program (ExEP) technology website

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