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WFIRST telescope, Separation distance 26 m diameter

2.4 m diameter 20,000-40,000 km starshade:
(£250 km)

Starshade geometric IWA in the 425-552 nm band is 72 mas.
Same angular size as 1 AU at 45.4 light years (13.9 pc).
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T— Starshade: previous simulations "

A few, specific examples. No general user interface.
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Camera: 1K pixels, 21 mas each Marc Kuchner 2014
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SISTER (Starshade Imaging Simulation Toolkit for Exoplanet Reconnaissance) is a versatile tool
designed to provide enough accuracy and variety for starshade astrophysical simulations.”
SISTER is a Matlab, open source project:
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(*) S.R. Hildebrandt' S.B. Shaklan', E.J. Cady', and M.C. Turnbull2'. (1) Jet Propulsion Laboratory, California
Institute of Technology (2) SETI Institute, Carl Sagan Center for Life in the Universe
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Point Spread Function (telescope response to a point-like source) at different distances from the center of the Starshade:
425-552 nm. Starshade-WFIRST distance of 37,200 km. Spinning starshade. Diameter of 26 meters, 24 petals.

0 m, 0 mas , 27. 13 m, IWA 72.0 mas >= 150.0 mas

Starshade design NI2, IWA=72 mas, N, =24, Diameter Starshade=26 m, Distance Starshade-telescope= 37242 km, Diameter Telescope=2.4 m
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Instrumental Scenes

Telescope: primary, secondary mirror, pupil, optical efficiency, pointing jitter.

Detector model: read noise, dark current, Filters, QE. For WFIRST, a full
EMCCD simulator” can be run externally to SISTER, including CIC, aging, and
other effects.

Starshade mode: spinning, or non-spinning.
Non-ideal Starshade: shape deformations —very many.

Solar glint: target Star-Starshade-Sun angle, and Sun angle about the orbital
plane. Different petal edges depending on the starshade mode: razor, stealth.

Local Zodiacal light: surface brightness model from STSCI, helio-centric
coordinates.

Star: the user may define any star (its sub-spectral type will be approximated
by either 0 or 5, e.g. G3 will be G5). Or one may choose among any of the
2,347 stars from ExoCat ( ).

*EMCCD simulator developed by P. Morryssey, JPL.
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SISTER Astrophysical and Nas Jet Propulsion Laboratory
Instrumental Scenes

Exo-dust emission: any external model (for instance, from the Haystacks
Project”, or a very simple, scaled, rotated and resized solar model from one
run of Zodipic™. Not an easy element to simulate.

Planets and Keplerian orbits: direct location, or 2-body motion with
independent Keplerian parameters. No integrity evaluation.

Reflected light from planets: phase angle, phase functions (Lambert, Rayleigh,
or user defined).

. Extragalactic background: any external field. SISTER uses by default a deep
field prepared by the Haystacks Project™.

. Proper motion and parallax: given star coordinates, distance and proper
motion.

A. Roberge, M. Rizzo et al. (2017)
by M. Kushner, GFSC.
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FIGURE 2-2. Multiple observations enable the tracking of habitable zone exoplanets. Image simulations of
the solar system (inclination angle 60°) at a distance of 6 pc observed with a starshade and WFIRST CGI
camera show the presence of Venus (V), Earth (E), and Mars (M) in a zodiacal dust cloud of 1 zodi. Jupiter
(J) appears in the last two frames. Each image is obtained with 1 day of integration time. The color scale
indicates the number of detector counts with the highest value being equivalent to signal to noise ratio of
25. Credit: Sergi Hildebrandt

=S/N 25)

e (max

IPL Grtdad U] RIERGD  wormnar crummuan *PI: S. Seager, J. Kasdin (2019)
JPL POC: A. Romero-Wolf, A. Gray, J. Booth, S. Shaklan, D. Lisman, et al.

SISTER: Imaging Exoplanets with Starshade, 06/20/19 © 2019 California Institute of Technology. Government sponsorship acknowledged.




fs Jet Propulsion Laboratory

STARSHADE RENEDEZVOUS PROBE "

Solar system at 10 pc, accurate EMCCD noise , QE detector and optical loses
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SISTER Contributions

California Institute of Technology

47 Uma, 14 pc, planets b & c. Imaging + RV data. Orbital, albedo and planet discovery challenge.
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Starshade in a movie
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Imaging Exododiacal Dust
ard Esoplanets
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The PSF basis consists of a library that depends on the spatial location on
the image plane, pixel scale, and wavelength step”.
Example: testing precision with the spatial step on the image plane
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These tests need to be done for each starshade-telescope-filter combination

* S.R. Hildebrandt, S.B. Shaklan, E.J. Cady, and M.C. Turnbull (2019). In preparation.
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