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1990s-2010s: Discovery era
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2020s: Alien Worlds
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Simulated spectrum: Bare rocky surface with no atmosphere (uitramafic rock)

Simulated spectrum: Thick carbon dioxide atmosphere with sulfuric acid clouds (Venus-like)
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Key Science in 2030s-2040s: Our worlds

What is the limiting factor in each detection method for habitable planets?

Method Limited by M stars G stars

Doppler |precision 1m/s 1cml/s
Transit |probability |Many nearby |No nearby
stars stars
Micro- |probability |No nearby No nearby
lensing stars stars
Direct contrast 1078 1079

€ Q: Only large space telescopes such as HWO and LIFE can
explore nearby G stars?

€ A1: No, ultra precision RV (our proposed “Ultra-Doppler”) can
explore nearby G stars even before 2040s!

€ A2: Ultra-Doller can measure planet mass, orbit, and even sin(i).



THEME

& Next generation multi-wavelength Doppler instruments & Quest
for habitable worlds around bofh low-temperature stars and
Sun-like stars

SALESPOINT
& Wide-band & ultra-Precision Doppler (RV) method (WPRV) for

a few cm/s (best) precision RV observations of nearest stars
@ IR:Subaru IRD. Keck HiSPEC ; OPT:Subaru Ultra-Doppler

Earth “cousin” exploration Earth “twin™ exploration
(planets around red dwarfs and young stars) (planets around sun-like stars)

Subaru IRD and Keck HiSPEC Subaru Ultra-Doppler
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Nearby Earth-Twins

Our plan for the next generation astrobiology instruments

€ Establish an unprecedented cm/s radial velocity
measurement method (ultra-high precision Doppler).

€ The first full-scale search for habitable planets around
nearby Sun-like stars, to detect and determine the
frequency of Earth's twins, i.e., terrestrial temperate planets
that are distant from the host star.

€ Other than RV, no other methods are possible for nearby
stars except for future direct observations in 2040s (HWO
or LIFE).

€ Mass and orbit determination is critical for any exoplanet
studies. Even sin(i) using spectro-astrometry. Transit
cannot decide planet mass unless multiple (using TTV).

® The WPRYV, consisting of visible Ultra Doppler (UD) for
Subaru, infrared IRD for Subaru, and infrared HiISPEC for
Keck, will be used for the Japanese community.
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Summary

(a) The key exoplanet target will change from | N i
nearby M stars to GK stars for Earth-like |
habitable planets (Earth twins) Back to Arke!

(b) Ultra—Doppler or Optical ultra high precision
RV instrument coupled with the extreme
adaptive optics (SCExAO) is the most
promising instrument to explore Earth twins. TR S T
Essential science in Subaru 2-3 phase. \

(c) These can be explored even before the
HWO/LIFE era in 2040s. i

(d) For M stars, Infrared RV instruments such as 7’""”""’”"‘
IRD and HiSPEC/Keck will be available.

(e) These series of instruments will be the key to
explore astrobiology in 2020s-40s.
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