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A transiting exoplanet, which has an orbit crossing 
in front of its host star, allows us to probe the planetary 
atmosphere by means of measuring the wavelength 
dependence of the transit depths. The Kepler space craft, 
which had continuously monitored a specific sky region 
from 2009 for four years, discovered about 30 small 
transiting planets within habitable zones. However, all of 
their host stars are too far from us (> 300 pc) and thus too 
faint to observe the atmospheres of the planets. On the 
other hand, the extended Kepler mission, K2, which has 
surveyed different sky regions along the ecliptic plane 
since 2014, has an advantage on discovering nearby 
transiting planets.

K2-3d is a transiting super-Earth (1.5 Earth radii) 
orbiting a nearby (45 pc) M dwarf with a period of 45 
days, discovered by the K2 mission in 2015 [1]. The 
planet is thought to be within the habitable zone of the 
host star. The host star is bright enough (Ks = 8.6) that 
next-generation telescopes can search for molecules 
related to life in the planetary atmosphere. However, K2 
observed only two transits of K2-3d because the survey 
period of K2 per field is only 80 days. As a result, the 
orbital period of the planet was only poorly measured, 
preventing us from predicting future transit times with 
high enough precisions for followup observations. After 
the discovery, two additional transits were observed by 
Spitzer space telescope [2], which, however, suffered 
from instrumental systematics, leaving large room for 
improvement.

We observed a transit of K2-3d with the Okayama 
188cm telescope equipped with the three-band 
simultaneous imager MuSCAT [3]. The transit depth 
of this planet is just 0.06 %, which is close to the 
detection limit from the ground. However, by utilizing 
the multiband simultaneity of MuSCAT to reduce the 
systematics of Earth's atmospheric origin, we successfully 
detected the tiny transit signal. We also reanalyzed the 
K2 and Spitzer data, which, combined with the MuSCAT 
data, drastically improved the transit ephemeris. With this 
new ephemeris, we will be able to observe future transits 
at the best timings by e.g., JWST and TMT, which 
opens the way for biomarker searches in the potentially 
habitable planet.
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The transit light curves of K2-3d observed by the 
Okayama 188 cm telescope with MuSCAT. The top, 
middle, and bottom light curves are in g, r, and z-band, 
respectively. The circle points and solid lines show 
10-minutes binning data and best-fit theoretical lines, 
respectively.
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Residuals of the mid-transit times from the refined 
linear ephemeris. The square, triangle, and circle 
points represents the observed data of K2, Spitzer, and 
MuSCAT, respectively. The gray and black points are 
for the values in literature ([1,2]) and those refined 
in this work, respectively. The purple and orange 
dashed lines show the ephemerides provided by [1] 
and [2], respectively. The red shaded area shows 1-σ 
uncertainties of our new ephemeris.
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