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Introduction

This poster provides an overview of the technology effort funded by NASA in 2010 through the
Research Announcement on “Technology Development for Exoplanet Missions” (TDEM). Several
different approaches to starlight suppression have previously been developed through the
Terrestrial Planet Finder Project, with each stage in development marked by formal technology
Milestones. Following this approach, proposals were chosen for funding under TDEM, and the
Principal Investigators were each required to formally quantify Milestone success criteria in a
whitepaper that was reviewed by a panel of experts. The funded technology and associated
milestones are described in this poster. In each case the Milestone goals are stated, and the
detailed success criteria for the experiments are given verbatim from the whitepapers.

Visible Nulling Coronagraph: Mark Clampin, NASA/GSFC
Milestone: Demonstrate that the Visible Nulling Coronagraph (VNC) can achieve and hold a
contrast of 1×10-8 (goal less than 1×10-9) at a 2 λ0 / D inner working angle at a visible wavelength
centered in a narrowband filter of spectral bandpass <1%.
4.1.	

 Illumination is narrowband light (<1%
spectral bandpass) in a single linear polarization
at a wavelength centered on 632.8 nm.
4.2. 	

 The mean plus 1.281 of the standard error
of the contrast is 1 x 10-8 or smaller at a pixel at
2 λ/D, as reported in a Data Collection Event
(DCE) spanning 1000 seconds of continuous
data-taking containing 200 contrast estimates
reported as a function of time.
4.3.	

 Elements 4.1 – 4.2 must be satisfied on
three separate occasions with at least 24 hours between the beginning of each demonstration.
See the related poster 9.5 “Technology Advancement of the Visible Nu"er Coronagraph,” by Richard Lyon

Geiger-Mode APD Arrays: Don Figer,
Rochester Institute of Technology
Milestone: Measure the performance of a photon-counting
256x256 Focal Plane Array after radiation exposure.
4.1.	

 One or more Geiger-Mode Avalanche Photodiode
arrays will be fabricated with a high fill-factor, as described in
Section 2.3, with a 256×256 format and a pixel size of 25
microns.
4.2. 	

 One GM-APD array described in 4.1 will be tested
following the procedure described in Section 3.2 to demonstrate a baseline photon detection
sensitivity of 35% at 350 nm, 50% at 650 nm, and 15% at 1000 nm.
4.3. 	

 Elements 4.1 and 4.2 must be satisfied for one or more GM-APDs that demonstrate zero
read noise, as per the procedure detailed in 3.2.1.
4.4.	

 One GM-APD, having previously complied with Elements 4.1–4.3, will be exposed to high
energy radiation and tested. The radiation will be in the form of a proton beam, having ~63 MeV
particles (+/-10%), with spatial uniformity of +/-10% across the detector, absolute calibrated flux
levels of +/-10%, delivered in dose increments no greater than 1 krad (Si), and total doses up to 50
krad (Si). The measurements in Section 3.2 will be performed, and the results will be documented.
4.5. 	

 The pre-radiation tests described in 4.2 and the post-radiation tests described in 4.4 shall be
repeated three times without warming up the detector.

Starshade Technology: N. Jeremy Kasdin, Princeton Univ.
Milestone: (1) Build a petal using the same kinematic design as a
flight petal with ultra-low CTE materials. This petal will be stowed
and deployed. The deployed position will be measured using
photogrammetry techniques to determine if it successfully unfurls
without plastic deformation. (2) Show that a precision petal can be
manufactured with an installed and machined optical edge to meet
the precise width requirements. (3) Verify that the radius of
curvature and basic design meet the scattering requirements.
Success criteria are now being formalized. The whitepaper is due for review 9 December 2010.
See the related talk “Occulter Based Missions of Diﬀerent Scales for Terrestrial Planet Imaging,”
by Jeremy Kasdin, at 16:15

Advanced Speckle Sensing: Charley Noecker, Ball Aerospace
Milestone: Using coherent speckle detection
methods, demonstrate that the HCIT is capable of
measuring speckles of 1×10-9 [TBC] contrast with
uncertainty, stability, and repeatability of 20% in
intensity and 10° in phase at < 10λ0/D inner working
angle in one spectral band of width >10% with a
uniform incoherent background of at least 1×109 per pixel.
Success criteria are now being formalized. The whitepaper is due for review 6 December 2010.

!

CL#10-‐4731

Hybrid Lyot Masks: John Trauger, JPL/Caltech
Milestone: Demonstrate, using linear hybrid Lyot masks, calibrated coronagraph contrast of
1×10-9 at angular separations of 3 λ0 / D and greater in a single 720–880 nm (20%) spectral band.
4.1. 	

 A set of three optical filters, with contiguous 7%
passbands, shall be used to discretely sample the 720–880 nm
(20%) FWHM wavelength range. Contrast values for each of
these filters shall be averaged to determine the broadband
contrast.
4.2.	

A mean contrast metric of 1×10-9 or better shall be
achieved in both an outer target dark area ranging from 3 to
10 λ0 / D and an inner area ranging from 3 to 4 λ0 / D, as
defined in Sec. 3.3.2.
4.3.	

Criteria 4.1 and 4.2, averaged over the data set, shall be
met with a confidence of 90% or better, as defined in Sec. 3.1.7. Sufficient data shall be taken to
justify this statistical confidence. It is expected that this confidence level can be met with a data
set taken as a single sequence of images over a period of one hour or more. This criterion is
deemed to have been met by a data set exhibiting the stated statistical confidence.
4.4	

 	

 The demonstration described in 4.3 will be repeated on three separate occasions, with
different masks used on each occasion. In this context a different mask is deemed to be either a
different section of a linear mask separated by an angle of at least 3 λ0 /D, or a physically separate
mask.
See the related talk “Hybrid Lyot Coronagraph for the ACCESS Mission,” by John Trauger, at 15:15

Phase Induced Amplitude Apodization: Olivier Guyon,
University of Arizona
Milestone: Demonstrate using Phase-Induced Amplitude Apodization a baseline contrast averaging
10-9 between a 2 λ/D inner working angle and a 4 λ/D outer working angle, in monochromatic light
at a wavelength in the range of 400 nm ≤ λ ≤ 900 nm.
5.1.	

 Illumination is monochromatic light in single or dual
polarization at a wavelength in the range of 400 nm < λ <
900 nm.
5.2. 	

 A mean contrast metric of 1 x 10-9 or smaller shall be
achieved in a 2 to 4 λ/D dark zone, as defined in Sec. 4.4.
5.3.	

 Criterion 5.2, averaged over the data set, shall be met
with a confidence of 90% or better, as defined in Sec. 4.1.5.
Sufficient data must be taken to justify this statistical
confidence.
5.4.	

 Elements 5.1 – 5.3 must be satisfied on three separate
occasions with a reset of the wavefront control system software (DM set to scratch) between each
demonstration.
See the related talk “Toward direct detection of exo-Earths: high
contrast lab demonstration at 2 λ/D,” by Ruslan Belikov, at 11:10

Coronagraph End-to-End Modeling: John Krist, JPL/Caltech
Milestone: We will identify, implement in code, and verify efficient numerical methods for
representing wavefront modification by the Hybrid Band-Limited Coronagraph (HBLC), the Vector
Vortex Coronagraph (VVC), and the Phase-Induced Amplitude Apodization (PIAA) coronagraph
that are accurate to 1% or better relative to the mean field contrast for contrasts down to 10-10.
4.1 	

 The measurements to be evaluated are comparisons
between the image plane monochromatic electric fields
computed by the efficient models and the reference algorithms.
4.2 	

 The fields will be computed for a wavelength of 550 nm.
4.3 	

 The fields will be measured and compared within an
annulus of 2.5 λc/D ≤ r ≤ 18.0 λc/D radians centered on the
star (λc = 550 nm, D = diameter of the entrance pupil).
4.4 	

 Two fields will be separately evaluated, one with a mean
contrast of approximately 10-5 and another of approximately
10-10 with the input aberrations scaled to provide those levels.
4.5 	

 The RMS difference between the modeled and reference fields, expressed in terms of
contrast, will be less than or equal to 1% of the mean field contrast specified in item 4.4.
4.6 	

 The execution time required to separately propagate 2077 single monochromatic
wavefronts through the chosen optical layout using the PROPER library routines and the efficient
coronagraph models will be less than 48 hours on a current workstation (dual quad-core Xeon
system) and will be evaluated based on the execution time of one wavefront propagation through
the system.
4.7	

 Items 4.1 – 4.6 will be satisfied with simulations representing three different coronagraphs:
Hybrid Band-Limited Coronagraph (HBLC), Vector Vortex Coronagraph (VVC), and Phase-Induced
Amplitude Apodization (PIAA) coronagraph. The system optical layouts are defined in Appendix A
and the coronagraphs and their respective algorithms are defined in Appendices B, C, and D.
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