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Statement of Work:
Starshade (or External Occulter) is one of the starlight suppression technologies for high contrast imaging of exoplanets and is baselined for large- and probe-class mission concepts funded by the NASA Astrophysics Division and being assessed by the Astro2020 Decadal Survey
,
. The Astrophysics Division authorized the Exoplanet Exploration Program (ExEP) to execute a directed technology development activity to advance starshades to Technology Readiness Level (TRL) 5 to enable potential future exoplanet science missions. The Starshade Technology Development Activity to TRL5, or S5
, follows an approved Technology Development Plan
 with technology milestones that respond to documented mission performance requirements. Specifically, S5 includes experiments and analyses to demonstrate small-scale starshade masks that could reach 10-10 instrument contrast at the inner working angle at a flight-like Fresnel number, to develop an optical edge for the starshade petals that would limit scattered sunlight (i.e., solar glint) to acceptable levels, to demonstrate the ability to sense the lateral offset between the starshade and the telescope, and to demonstrate the ability to design, manufacture and deploy the starshade mechanical elements that could meet the contrast requirement. Together with S5, ExEP has chartered a Science and Industry Partnership (SIP) to engage the science and technology communities during the execution of the S5 activity.

Given the completion of most of S5’s technology milestones on instrument contrast, solar glint, and formation flying, we are motivated to evaluate the noise budget of starshades’ application in exoplanet observations using synthetic images that capture all instrument effects, i.e., the data challenge. The purpose of the data challenge is to validate the flow down of requirements from science to key performance parameters based on synthetic images, quantify the accuracy of calibration of noisy backgrounds dominated by solar glint and exozodiacal light, and prepare the science community for analyzing starshade exoplanet observations. Specifically, the solar glint varies with the solar angle and the starshade’s position and orientation and an exoplanetary dust disk may have structures created by dynamical interactions with embedded planets. Both would need to be calibrated to high precision to avoid significant adverse impact on the detection and spectral characterization of small exoplanets. In addition, the expected use of slit-prism spectroscopy by the Roman’s Coronagraph Instrument may create complexity in spectral extraction together with the background.

This solicitation seeks help in the following 1 task area:

A.
Image processing algorithms are needed for testing the ability to retrieve faint exoplanet signals from instrumental artifacts and quantifying the precision needed of background calibration. The data challenge will be based on synthetic images of starshade-enabled exoplanet observations. These images will simultaneously include multiple background noise terms, including but not limited to residual starlight, solar glint and other stray light sources, exozodiacal light, detector noise, as well as variability resulted from starshade’s motion and telescope jitter. The synthetic images will be made available approximately 30 days from the award selection when the study shall begin. It is anticipated that a few hundred images will be provided to explore the algorithm in extracting information from a handful of representative star and planet scenarios, as well as the impacts of varied instrument performance parameters. The algorithm should determine from the images the number of the planets, the brightness of each planet, and show a capability to extract extended dust structures. When possible, the algorithm should also extract the planets’ spectra from the images. Multiple-epoch observations will be included for some star and planet scenarios. The analyses of the synthetic images should determine the detection limit of planets vis-à-vis instrument parameters and indicate how well image processing can subtract the background to the photon-noise limit. It is anticipated that the participating teams will document and disseminate the methods developed to the general science community. It is expected that the study will take up to nine (9) months and the final report due by September 2021.

6.0 
ADDITIONAL REQUIRED REPORTING DELIVERABLES
6.1 Participate in Starshade Data Challenge Teleconferences, which will be nominally monthly during the performance period.

6.2 Provide a Final Report by September 2021 along with abstracts of papers submitted and descriptions of derived data products delivered. The report shall include a summary of research activities and findings to date, a bibliography of papers submitted, descriptions of derived data products to be delivered, and a figure that illustrates the investigation or results obtained.

6.3 Provide a final version of algorithms in a form suitable for archiving on the ExEP’s starshade technology website.

6.4 Provide JPL with electronic copies of all technical papers published as a result of this work.
� � HYPERLINK "https://smd-prod.s3.amazonaws.com/science-red/s3fs-public/atoms/files/Starshade2.pdf" �https://smd-prod.s3.amazonaws.com/science-red/s3fs-public/atoms/files/Starshade2.pdf�


� � HYPERLINK "https://www.jpl.nasa.gov/habex/" �https://www.jpl.nasa.gov/habex/�


� � HYPERLINK "https://exoplanets.nasa.gov/exep/technology/starshade/" �https://exoplanets.nasa.gov/exep/technology/starshade/�


4 � HYPERLINK "https://exoplanets.nasa.gov/internal_resources/1208/" �https://exoplanets.nasa.gov/internal_resources/1208/�
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