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Starlight Suppression is the Key Technology in the 

Search for Life on Earth-Size Exoplanets 

Turnbull et al. 2006 

Macintosh et al. 2015 

Direct Imaging 
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External Occulters (Starshades) 

Nulling Interferometry 
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Internal Occulters (Coronagraphs) 



Jet Propulsion Laboratory 

California Institute of Technology 

Spitzer 

Kepler 

JWST2 

TESS 
Missions 

New Worlds 

Telescope 

WFIRST 

1 NASA/ESA Partnership 
2 NASA/CNES/ESA Partnership  

Hubble1 
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NASA’s 

(2017) 

(2018) 

(~ 2025) 

(~ 2030s?) 

First high-contrast 

coronagraph 

baselined; 

starshade is being 

studied 

coronagraph 

coronagraph 
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WFIRST 
Wide-Field Infrared Survey Telescope 

 

Coronagraph Instrument  

• Direct imaging and 

spectroscopy of exoplanets  

Wide Field Camera (IR) 

• Dark Matter 

• Dark Energy 

• Exoplanet detection 

using gravitational 

microlensing 



Dark Energy, Alien Worlds 

WFIRST 

• WFIRST in Formulation Phase 

• Managed by Goddard Space Flight Center 

• Next NASA Key Decision Point (KDP)-B Sept 

2017 

• Coronagraph Instrument baselined for exoplanet 

direct imaging and spectroscopy.  Managed by 

JPL 

• Formulation Science Working Group and 

Science Investigation Teams underway (two for 

coronagraph:  Macintosh, Turnbull) 

• Project received APD direction (June 2016) to 

incorporate starshade compatibility into Phase A 

DRM – for SMD decision following SRR/MDR 

 



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  
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Angular Separation (arcsec) 
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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 
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Segmented Coronagraph Design Analysis 



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 
 

Light Suppression 

Suppressing diffracted light 

from on-axis starlight  

Formation Sensing 

and Control  

 

 

Deployment Accuracy and 

Shape Stability 
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Desert Testing of the Starshade  

Northrop Grumman Aerospace Systems 



Desert Testing of the Starshade 

Northrop Grumman Aerospace Systems 



simulated planet 100 million times 
fainter 

Desert Testing of the Starshade 

Northrop Grumman Aerospace Systems 



 

Heliostat and 4” Starshade 

credit: Steve Warwick (NGAS), Web Cash/Anthony Harness (UC-Boulder) 

Optical Testing at the McMath Solar Telescope 



Optical Demonstrations at Princeton University 

 Jeremy Kasdin (Princeton) 



Starshade Technology Needs 
 

Light Suppression 

Suppressing diffracted light 

from on-axis starlight  

Formation Sensing 

and Control  

 

 

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 5m 5 m Origami Optical Shield Deployment Trial at JPL 



5 m Origami Optical Shield Deployment Trial 
(approaching flight-like materials) 



Starshade Technology Needs 
 

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  

Formation Sensing 

and Control  

 

 

Deployment Accuracy and 

Shape Stability 

Maintaining lateral offset requirement  

between the spacecrafts 
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2017 ExEP Technology Plan Appendix 

Coronagraph Technology Gap List 

http://exoplanets.nasa.gov/exep/technology/gap-lists/ 

Starshade Technology Ga Starshade Technology Gap List 

Coronagraph/Telescope 

Technology Gap List 



Jet Propulsion Laboratory 

California Institute of Technology 

Spitzer 

Kepler / K2 

JWST2 

 

TESS Missions 

Gaia 

PLATO 

CHEOPS 

NASA 

Missions 

ESA/European 

Missions 

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

Hubble1 

CoRoT3 

 

Large Binocular  
Telescope Interferometer NN-EXPLORE 

WFIRST 

LUVOIR 

New  

Worlds 

Telescope 

W. M. Keck Observatory 

Ground Telescopes with NASA participation 
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Hab-Ex 
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