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Summary (Abstract) of doctoral thesis contents

How do planets form and evolve? — This question has been mainly considered from
a theoretical perspective since early times; it is only recently that we have acquired
the ability to observe planets outside our solar system (exoplanets) and the scenes of
planetary formation, such as protoplanetary disks and debris disks. To understand
planet formation, it is essential to study young systems rather than evolved/aged
systems. Among several detection methods for exoplanets, the direct imaging method
has been successful to detect young (age < Gyrs) gas giants. Other methods are
mostly suitable for detecting older planets. From the direct imaging method, one can
obtain certain planetary parameters such as temperatures immediately, but
derivations of masses and radii have some model dependence. Additionally, detectable
planetary orbits via direct imaging are currently longer than ~ 10 AU, and
determination of orbital parameters typically requires several years.

In contrast, detection of such young planetary systems by the transit method is
very limited. However, transit observations can directly derive the ratio of planetary
and stellar radii. Furthermore, orbital parameters can be obtained by a relatively
short series of observations.

The first candidate transiting young gas giant CVSO 30 (PTFO 8-8695) was
reported by van Eyken et al. (2012). CVSO 30 is an M3 weak-line T-Tauri star in the
Orion OB1la region at a distance of 323 pc with a mass of 0.44 M, (using the Baraffe
et al. (1998) model), a radius of 1.39 R, , and an effective temperature of 3470 K
(Bricend et al., 2005).

The candidate planet has an orbital period of 0.448413 days, which is comparable
to the rotational period of the host star, a mass of My < 5.5 Mjup, a radius of 1.91 Ryup,
and an orbital semi-major axis of 0.00838 AU (van Eyken et al., 2012). Note that the
observed light curves show large variations of fading depth and duration with time.
Barnes et al. (2013) explained these in terms of a combination of the precession of the
ascending node planetary orbit and the stellar gravity darkening effect, assuming
synchronization of the stellar rotation and planetary orbital motion. Conversely, Yu
et al. (2015) argued that the transit-like events were unlikely to be caused by a giant
planet but rather caused by either starspots near the rotational pole, circumstellar
dust clump transit, or occultation of accretion hotspots. Furthermore, the wavelength
dependence of fading events obtained using multiband simultaneous photometry by
Yu et al. (2015) and Raetz et al. (2016) are inconsistent.

As described above, little is known about planets and their orbits for any young
stellar objects (YSOs) yet. CVSO 30 is, in fact, the only young transiting planet

candidate so far. Hence, a detailed study of even this one object is important for a
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general understanding of what occurs around YSOs.

In this thesis, we present optical three-band simultaneous observations and
long-term infrared observations of CVSO 30, the youngest object that is a candidate
transiting planet. The data were obtained with the Multicolor Simultaneous Camera
for studying Atmospheres of Transiting exoplanets (MuSCAT) and the near-infrared
imaging and spectroscopic instrument (ISLE) on the 188-cm telescope at Okayama
Astrophysical Observatory in Japan.

For the multiband observations, we first observed the fading event in three colors
(g’2-, r’2-, and z,2-bands) simultaneously. As a result, we found a significant
wavelength dependence for fading depths of approximately 3.1%, 1.7%, and 1.0% for
the g’2-, r's-, and zs,2-bands, respectively. This wavelength dependence includes the
degeneracy between the planetary-to-stellar radius ratio Ap/HRs and the transit impact
parameter b owing to the obtained grazing orbit. We confirm that R/ Rs has a
wavelength dependence for any b.

For the long-term observations, we observed 12 fading events over the four seasons.
Most observations used ISLE with the J~band filter. Such long-term observations in
infrared have to date not been carried out. We observed double fading events in
certain cases. To analyze these double fadings, we fitted the light curves to transit
models for the first and second fadings. As a result, we found that both Ep/Rs and b
vary in the orbital epoch.

Finally, we discuss the origin of fading of the CVSO 30 based on our new
observations and the previous results. A cloudless H/He-dominant atmosphere of a
hot Jupiter cannot explain this large wavelength dependence. We also rule out the
scenario of occultation by the gravity-darkened host star. For these reasons, the
scenario of gas giant origin is ignored.

Transit timing analysis shows that the first fading events are more periodic than
the second fading events in double fading events. The first fading timing shows no
evidence of orbital decay, which is presented by Yu et al. (2015) and Raetz et al.
(2016). Previous studies could have confused the timing of second fading events with
an orbital decay. The absence of orbital decay is inconsistent with the calculation of
tidal dissipation assuming a gas giant by Kamiaka et al. (2015).

Furthermore, a starspot is an unlikely cause of fading events because is difficult
for the spot to exist near the pole at all times. Thus, all our results are in favor of
such potential fading origins as circumstellar dust clumps or the occultation of an
accretion hotspot.

Future transit survey projects have the potential to discover other periodic fading
events, and studies on multiple young objects with transit-like events will also be

important.
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