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ExEP Develops Technology for Future 
Exoplanet Missions 



   

 

 

Since we last met: 

Five ExEP technology initiatives all launched (some completed): 

1. Coronagraph Technology Roadmap 
Creating a comprehensive plan to mature coronagraph technology 

2. Deformable Mirror Technology Roadmap 
Created draft requirements, shared with vendors 

3. Coronagraph Design Survey 
Investigating 17 coronagraph designs: traditional to immature to 
emerging 

4. Segmented Optical Telescope Assembly Simulator 
Demonstrated a segmented pupil phase mask 

5. Starlight Suppression Technology Workshop 
Held in August 2023 in Pasadena; all talks posted online
including pedagogical talks on coronagraph, starshade, and 
terrestrial exoplanet direct imaging science 3 



  

        
            

   

           
  

   
  

    
 

       

  
  

      
 

2024 Update to Astrophysics Technology Gap List 

• The Astrophysics Division maintains a prioritized Technology Gap List 
– A technology gap is the difference between a capability needed to enable a future mission 

and the current state-of-the-art 

• Program Office technologists jointly carry out a biennial Technology Gap List 
Process – last update in 2022 

– Identify Technology Gaps applicable to 
Astrophysics strategic objectives based on 
2020 Decadal Survey: Habitable Worlds 
Observatory is highest priority 

– Rank Technology Gaps to prioritize them for 
investment 

– Inform the community (particularly SAT 
proposers) of NASA’s technology needs 

• Published in the NASA Astrophysics Biennial 
Technology Report 
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Submit Candidate Technology Gaps 

• You can help with the Technology Gap List update! 
– We rely on the science/technology community to 

help identify missing capabilities needed to enable 
future NASA missions 

• Please review current Gap List 

• Submit Candidate Technology Gaps 
– Anyone can submit candidate gaps via a 

Technology Gap Submission Form 
available via ExEP/PhysCOS/COR 
websites 

• Submission deadline for this cycle is 
June 3, 2024 

• New prioritized Gap List to be published 
in ~September 2024 5 



    

 
 

  
 

 

 

 
 

 

Recent Starlight Suppression Lab Demos 
(10% science bandwidth) 

Coronagraph 
demos with a 
simulated 
clear pupil 

Subscale 
starshade demo 

Coronagraph 
demos with a 
simulated 
segmented pupil 

Improvements needed in: 
• DM electronics ✓ 
• Masks 
• Testbed modeling 
• ? 

6 



   

   
 

 

    

  

  
   

  

        
      

   
         

    

   

 
 

 

 

   
 

Vacuum Coronagraph Testbed Updates 
Available to SAT Proposers!

High Resolution Deformable 
Mirror Drive Electronics 

• 20-bit resolution 

• Measured 0.65 pm optical 
resolution 

• Stability better than 1pm/hr 

Wavefront 
showing 1 pm 

pokes 

Histogram 
showing 

resolution 1 and 
2-bit pokes 

Segmented Pupil Phase Mask 
• Enabling simulated segmented 

mirror coronagraph demos 

435 pm 
step 

Optical path difference error measured across two segmented 
hexagons from Prototype 1 (2.5 mm); Step size differences 
are produced through multiple overlapping rounds of 
photolithography and e-beam deposition. 
(image credit: Dr Dan Shanks, JPL) 7 



   

           
  

          
  

      
 

        
  

 
      

  

 
        

  

          

         
        

Six new exoplanet SAT-2022s awarded 

• Starshade: 
– Starshade Petal Fabrication and Accuracy Demonstration at Full-Scale for IROUV Great Observatory 

PI: Arya (Stanford) 

• Coronagraphy: 
– A Low-order Hardware Implementation for Sensing and Control in Exoplanet Imaging 

PI: Trauger (JPL) 

– Laboratory Demonstrations of High Contrast with Black Silicon Masks 
PI: Riggs (JPL) 

– Robust Deep Contrast Imaging with Self-Calibrating Coronagraph Systems 
PI: Guyon (Arizona) 

• Low-vibration propulsion: 
– Colloid Thruster Life Testing and Modeling 

PI: Marese-Reading (JPL) 

• Segmented telescope: 
– Demonstration of Advanced Wavefront Control for Segmented Aperture Telescopes 

PI: Tesch (JPL) 

• And other detector awards relevant to exoplanet technology (managed by 
PhysCOS/COR program office) 
– Four megapixel sensor for ultra-low-background shortwave infrared astronomy PI: Bottom (Hawaii) 
– Characterizing Single-photon-sensing CMOS image sensors for NASA missions PI: Figer (RIT) 8 



         
    

         
       

        

        
       

      

Starshade 

• Work continues in FY24 to close remaining technology gap: 
Deployment Accuracy and Shape Stability 

• Assessment, by an external board, of starshade optical and 
formation flying technology maturity for HWO posted on 
starshade website 

– Conclusion: The two technologies are low risk for a HWO starshade 

• An SAT-2022 award “Starshade Petal Fabrication and Accuracy 
Demonstration at Full-Scale for IROUV Great Observatory” (PI 
Manan Arya, Stanford) continues the funding in FY25 

https://exoplanets.nasa.gov/exep/technology/starshade/ 9 

https://exoplanets.nasa.gov/exep/technology/starshade


   
 

  
  

 
 

 
 

   
 

Exoplanet Exploration Technology 
Colloquium Series 

• Terrestrial Exoplanets 101 
Giada Arney (NASA/GSFC) 

• Coronagraphy 101 
Jeremy Kasdin (Princeton) 

• Starshades 101 
Jeremy Kasdin (Princeton) 

• Recordings and slides available: 
– 10https://exoplanets.nasa.gov/exep/technology/tech_colloquium/ 

https://exoplanets.nasa.gov/exep/technology/tech_colloquium/


    

   

  
  

   

     

        
   

    

How you can be involved 

• Propose to NASA programs to help develop technology: 
– Strategic Astrophysics Technology (SAT) 
– Astrophysics Research and Analysis (APRA) 
– Nancy Grace Roman Technology Fellowships 

[proposals Due Jan 31, 2024] 

• Participate in the 2024 Technology Gap List process 

• Tune in to the ExEP Technology Colloquium Series 
– or propose a talk! 

• Participate in the ExEP technology initiatives 

11 
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2022 Astrophysics Technology Gaps 

The 10 ExEP 
Technology 
Gaps 

13 



     

    

       
 

   
 

Where to find the Gap List 

https://apd440.gsfc.nasa.gov/tech_gap_priorities.html 

Gap Name Description Current SOA TRL Performance Goals and 
Objectives 

Scientific, Engineering
and/or Programmatic 

Benefits 

Applications and Potential 
Relevant Missions 

Urgency 

Click on the tiers for details 14 

https://apd440.gsfc.nasa.gov/tech_gap_priorities.html

