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e Goals

— General goal: develop technology for imaging exoplanets, and in particular imaging of exo-Earths with a small
telescope (1.4m,)

— Specifically,
— develop the PIAA (Phase Induced Amplitude Apodization) Coronagraph, [1-5]
— test wavefront control with MEMS DMs
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Ame )ed Description

Stabilized air enclosure MEMS Active thermal control system
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New,apodized  Corresponding e Wavefront control system based on a MEMS DM, using competition between vendors e Inside the enclosure (active thermal control OFF), temperatures vary by
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— Close to diffractifn IIC;mited (1-2 A/D inner working angle) * Partnering with JPLs HCIT [10]; potential to make high contrast ® AirT:0.9mK
e ARC: initial validation of lower TRL technologies Imaging from space easier and e Table: 0.4mK

e This aggressive performance effectively enables telescope size reduction without sacrificing science, as compared
to many other coronagraphs [6]

e Potentially enables Earth-like planet imaging with a telescope as small as 1.4m, such as PECO (Pupil-Mapping
Exoplanet Coronagraphic Explorer) [7,8]

e Scales well to other missions ranging from balloons and Exlporers to flagships

and concepts

L.ab Demonstrs

PIAA Lenses

e JPL/HCIT: higher TRL and vacuum validation

cheaper

e Water: 0.4mK

2 Ames Testbed
2"d generation PIAA Mirrors

PIAA lenes
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® e Light source: 650nm laser

4 ha'f=plane bIGEEELY, aiknife-coRp 6.5 e Spatially averaged contrast in a dark zone between 2 and 4.8 A/D is
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6 ! e This result demonstrates the ability of the testbed and wavefront
control to provide high contrast at least in monochromatic light
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e 2" generation PIAA mirrors were designed to provide excellent
polychromatic performance

e Manufactured by Tinsley using Narrow lon Beam Figuring technology

e Surface quality is ~¥3 nm RMS filtered to 20 CPA. Models indicate that this
performance will deliver better than 1e-9 contrast in broadband light
between 760 and 840nm.
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e |nitial testing at JPL High Contrast Imaging Testbed (HCIT) completed o WAVETIONE FonHe )
e Continued testing is ongoing at the NASA Ames testbed CCD artifacts (when at first focus with no occulter) ~ ———
e Focus of the current work is to demonstrate high contrast at better inner . o L
] Approximate limit with no enclosure
WOFklng ang|eS Polarization issues (birefringence, etc.) - --6
e Inner working angles of 1 I/D with contrasts better than 1e-6 are possible Occulter edge effects (no Lyot stop)

e S3K PIAA mirrors made by JPL, desidned for broadband (but tested in monochromatic light)
e Manufacturing process: diamond turning followed by electron beam lithography to improve residual errors

e Process can deliver good mirrors at least for low-performance PIAA designs (50% throughput) at a fraction of the cost of the high-
performance PIAA mirrors, and more aggressive performance is possible.

e Limiting factor was insufficient test time
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S . with the PIAACMC concept (hybrid between PIAA and APLC, or Apodized Current contrast with IWA of 2 /D
Pupil Lyot coronagraph)

.. ) ) ) Ames testbed current temperature stability
e Limiting factor not yet reached as system is being calibrated and tuned % [

Instabilities (due to ghosts and unstable laser)

Current BMC DM electronics resolution

Refractive/monochromatic limit

Current contrast with IWA of 4 A/D

CES

e PIAA is a promising coronagraph technology that may enable imaging extrasolar Earth-like planets on < 4-m
telescopes

e The coronagraph laboratory at NASA Ames is focused on testing PIAA technologies, together with JPL.
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