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  Background 
  Shaped pupils at Princeton 

(2005-2007) 
  PIAA at NASA Ames (2008-) 
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Is there another Earth out there?  



Courtesy of W. Traub 





TPF AT PRINCETON 



TPF-C: Original Flagship Mission 
TPF-C 



Courtesy of James Lloyd 
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  State-of-the-art facility for testing 
high-contrast imaging concepts 
and wavefront correction 
schemes 

  Vacuum chamber 

  6’ diameter 

  10 mTorr or better 

  5’x7’ vibration isolated optical 
table 

  Xinetics DM 

  32x32 actuators, 1mm pitch 

  30mm beam 

  785nm, 836nm, or 760-840 
broadband 

  Fully automated and remote-
controlled 

Courtesy of J. T. Trauger 



Contrast: 2.4 x 10-9 

Bandwidth: 10% @ 800nm 

IWA:  4 λ/D 









NASA Ames 



Focal plane 
Original uniformly 

illuminated pupil plane 

New, apodized  
pupil plane 

Focal plane 

PECO mission concept Simulated Earth image  
around Tau Ceti,  

Shaped pupil 
Apodizer 



Ames Coronagraph Lab 

In a partnership with JPL’s HCIT 
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Contrast results 
  Wavefront control algorithms (both 

based on image-plane sensing through 
DM diversity): 
  Variant of classical speckle nulling 

(Trauger and Burrows) 
  Based on targeting and removing 

individual speckles 
  Many speckles at a time 
  For each speckle, scan not only the 

phase, but also the amplitude of 
corresponding ripples on DM 

  Slow (100s of iterations, hours), but 
does not require detailed system 
model 

  “Classical” Electric Field Conjugation 
(Give’on et. al.) 

  Estimates and corrects the entire 
dark zone on each iteration 

  Fast (minutes), but requires a 
precise system model 7e-8 from 2.0 to 4.8 λ/D 



Princeton, before 
wavefront control 

First results with 
wavefront control 

Initial HCIT 
experiment 

Before wavefront 
control 

First results with 
wavefront control 

FPS  
installed 

can see exo-earths on raw image 

can start detecting exo-earths with differencing methods 

Second HCIT 
experiment 














