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Direct Imaging Analysis of the Circumstellar Disks and

Planetary—mass Companions on Wide Orbit Around a

Disk—host Star
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Summary of thesis contents

I embark on observational studies to reveal the cause of different disk cavities in
typical disks, whether disk evolution or disk clearing mechanisms, by high-resolution
near-infrared polarimetric imaging. I also embark on the property of planets inside
and outside disks, because the presence of a planet is one of the major factors in disk
evolution and disk clearing. I chose three typical objects from three disk categories;
DoAr 25 from full disks, LkCa 15 from pre-transitional disks, and GM Aur for
transitional.

I have found that each of disks has individual physical properties and that only
DoAr 25 has a visible planetary-mass companion with wide separation over 1430 AU.
For DoAr 25, I have found a flared surface and dust shell remnant which indicate the
youth of the disk. Strong forward scattering of the disk surface also suggests that the
disk is still in early stage of dust grain growth. The detected planetary-mass
companion around DoAr 25 is called DoAr 25 b. I observationaly confirmed that it is a
co-moving 13 Jupiter-mass companion with possible circumplanetary disk, and its
convincible origin is a molecular cloud core, not the disk around the star. For LkCa
15, I have found a large gap whose radius is consistent with the result of previous
sub-mm imaging studies. I also have found that the inner disk is significantly tilted
with the outer disk. This is the first direct detection of warped disk associated with
young T Tauri star. These features indicate the presence of multiple planets <1
Jupiter-mass in the system. Furthermore, physical inconsistency, suggests that
possible unknown physical mechanisms could be working on it. For GM Aur, I have
found a large inner hole at near-infrared wavelengths for the first time, which has a
significantly smaller radius than that of previous sub-mm interferometry images.
This inconsistency may indicate the presence of a few-Jupiter-mass planet in the disk
cavity.

I have searched a possible connections between resolved disk structures and disk
evolution from comparative study of three disks, but there is no common
chronological sense in physical parameters which could be interpreted as an
evolutionary path. I also have discussed and supported an alternative scenario; the
cause of diversity is different clearing conditions. Furthermore, the presence of
planetary-mass companion outside the disk indicates that the range of planetary
system is wider than previous understanding, and that there are still unrevealed

fields in the disk-planet connection and the origin of planets.
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Summary of the results of the doctoral thesis screening
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