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1990s-2010s: Discovery era

Habitable Zone

1995

2010s

Kepler

51 Peg b (Hot Jupiter)



2020s: Alien Worlds

Trappist-1 system (Earth-like)

2016
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- JWST -
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1990-2020: Discovery era and Alien worlds
Roman 2026 
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Toward 2030s-40s
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(Keck, Subaru, etc., & TMT, ELT, GMT) 
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Key Science in 2030s-2040s: Our worlds
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 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).

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



THEME
 Next generation multi-wavelength Doppler instruments & Quest

for habitable worlds around both 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

Our Goal: From alien worlds to our worlds

Earth “cousin” exploration
（planets around red dwarfs and young stars）

Subaru IRD and Keck HiSPEC

Earth “twin” exploration
（planets around sun-like stars）

Subaru Ultra-Doppler



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 WPRV, consisting of visible Ultra Doppler (UD) for 
Subaru, infrared IRD for Subaru, and infrared HiSPEC for 
Keck, will be used for the Japanese community.

What is Ultra-Doppler (UD) ?



AO3000

①Subaru Telescope
Large collecting area & sharp image

⑤Echellogram
on Detector

③Single-mode fiber injection to 
spectrometer such as Photonic Lantern

②SCExAO/AO3000
High-SR diffraction-limit image 
at optical wavelengths

How UD works ?

④Diffraction-limit
high-dispersion

spectrometer

⑦Compact
Size !
Stability,
Cost, etc.

⑥Laser 
Comb
WL calibrator



Parameter space for UD survey

Detected planets around 0.9-1.1 Solar-mass host stars
<25pc（black circle）、<100pc（small square), Solar system planets (hexagon)

RV accuracy (broken lines for 3, 10, 300, 1000 cm/s)

Earth-like planets
not only in habitable 
ones but also 
all kinds of small 
planets are 
unexplored around 
nearby 
Sun-like stars

Needs
10 years survey
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Summary
(a) The key exoplanet target will change from 

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. 
Essential science in Subaru 2-3 phase.

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

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

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

Finally published in 2024.9⇒




