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Extremely Large Telescopes (ELTs), will offer the angular resolution to resolve the habitable zone of nearby M-type stars (~20mas) in the near-IR.
Reflected light contrast for Earth-size planets in the habitable zone of these stars is ~1e-7. Such planets can be imaged and characterized with ELTs
in the near-IR, likely providing the first opportunity for detection of biosignatures outside our solar system.

Technologies supporting this goal are under development and validation on the Subaru Coronagraphic Extreme-AO (SCExXAO) instrument, with a
goal to be ready for deployment soon after TMT first light.
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Key technologies & expected performance

1. High performance Coronagraphy enables efficient access to habitable RS
zones of nearby M—type stars —_—
Small inner working angle (~1 1/D), at <1e-6 raw contrast in 20% wide spectral band achievable on
segmented TMT pupil (example: PIAACMC design)

2. Extreme-AO correction is required to reduce speckle noise and deliver
stable high quality PSF

New generation of wavefront sensors operate at diffraction-limited sensitivity - on TMT, 40,000x gain in
sensitivity compared to seeing-limited sensors (such as Shack-Hartmann)

This sensitivity gain + new near-IR photon-counting detectors allow ExtremeAO correction to deliver high
performance on nearby M stars.

TMT PIAACMC design

Coronagraphic PSF@
1600nm

3e-9 contrast in 1.2 to 8 IID
80% off-axis throughput
1.2 IID IWA

CaF2 lenses

SiO2 mask

Residual Phase errors
Residual Amplitude errors

. . ; Predicted detection limit on TMT ase propagation chromaticity ——
3. Coronagraphic Low-order Wavefront sensing & control operating at 1e-8 contrast on nearby Mstars | SIS Schrp et d—
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for exoplanet detections near the coronagraph's IWA
4. Focal plane speckle control actively cancels coherent light (speckles)
in the science image

5. Coherence differential imaging (CDI) isolates incoherent exoplanet . [ —
light from coherent starlight

CDI is a powerful alternative to passive post-processing approaches such as angular differential imaging

(ADI), which does not perform well at small angular separation e 0 0.05 01 015 0.2 0.25
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Path forward: from SCExAO on Subaru to TMT instrument
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SCEXAO is evolving toward a TMT-ready instrument in ~10yr —
Goal: deployment on TMT soon after first light contact/info:
= Ea'rly Q(?tection and (some) characterization of habitable planets arour_1d M-type stars SCEXAO instrument
- Scientific and technology precursor to more capable 2™ or 3 generation EXAO instrument(s) on webpage on

TMT and other ELTs.



mailto:guyon@naoj.org
http://www.naoj.org/

	Slide 1

