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Direct Imaging of Intermediate Mass Giants with RV Trends
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38 B : Direct Imaging of Intermediate Mass Giants with RV Trends

Radial velocity (RV) technique is one of the most useful methods to detect exoplanets and has been
used to discover over 700 planets in more than 500 systems in the last 20 years. This method has an
advantage in detecting planets orbiting short distance from the host stars. However, it is less sensitive
for wide-orbit planets with a semi-major axis a larger than 10 AU because it takes a long time to cover
a full orbit of a such planet. The number of distant planets (a > 10 AU).is still small and more
discovery of distant planets is required to understand the formation of distant planets. We developed a
method to tackle such an observational challenge.

The long-term RV trend of a host star is a clue to discover planetary companions in wide-orbits. A
linear RV trend shown in 10 years of observations can be generated by an object at 10 AU. It could
also be generated by a distant stellar companion or a brown dwarf companion in an even wide-orbit (>
100 AU). Therefore, with the RV method alone we cannot distinguish between a planet and a stellar
companion as a generator of the RV trend.

We chose direct-imaging technique which is to directly detect a companion, to uncover the nature

of the RV ‘trend generator (RVTG) through directly detecting a companion. Even with non-detection
of any planetary/brown dwarf/stellar companions, the direct imaging data can constrain the range of
the mass and the semi-major axis of the object that generates the RV trend. At Okayama Astrophysical
Observatory (6A0), an RV survey targeting intermediate mass giants has been conducted for over a
decade. Identifying the companions that generate the RV trends in this OAO survey can improve our
knowledge of exoplanet populations for intermediate mass stars, which is not well understood
compared with that of the solar type stars.

There are two formation theories of the giant éas planets. One is a core accretion model! that can
explain solar system formation, and the other is a gravitational instability in the protostellar disk.
Which planetary formation theory matches the observational results of the exoplanets? Determiﬁing
the occurrence rate of planéts can be an important clue to understand the exoplanetary formation
theory. |

In this thesis, we aim to détect or put constraints on the objects responsible for the observed RV trends
that indicate the presence of distant companions. We attempt to estimate the occurrence rate of distant
planets around intermediate mass giants and compare it with that of a Sun-like star to put some
constraints on planetary formation theory around intérmediate mass stars.

With the above goal in mind, we conducted direct-imaging observations for thirfy two intermediate
mass giants with RV trends using the HiCIAO high;contrast camera on the 8.2m Subaru Telescope and
the NESSI imager on the WIYN 3.5m telescope. We detected and confirmed three companions (v
Hya B, HD 5608 B, and HD 109272 B) and twelve targets with companion candidates. In contrast, we



were not abie to detect any companion candidates towards seven targets observed with HiCIAQ and
ten targets observed with NESSI.

By combining direct-imaging observation results with RV trend data, we clarify and constrain the
RVTGs. We conclude that our confirmed three companions are responsible for the observed RV trend
in each star. In addition, we conclude that the companion candidates around eight stars are likely to be
the RVTGs for the observed RV trends even if considering the possibility of a contamination of
background stars. For other stars, we constrain the nature of the RVTGs and find that thirteen targets
have possibilities of planetary (< 13 M,yp) RVTGs at a = 9-26 AU, and/or sub-stellar (< 75 M,yp)
RVTGs at a = 9-62 AU. '

Considering limitations caused by the RV trend detection efficiency, white dwarf contamination, and
missing stellar companions, we made a rough estimate of an upper limit of occurrence rates of
wide-orbit planets around intermediate mass giants and suggested that it is less than 20%. This is a
first clue to understand distant planet formation around intermediate mass giants. When we consider
that NESSI observations could overlook companions, an upper limit of distant planet occurrence rates
around intermediate mass giants can be 10 %. Our result could not distinguish between the core
accretion and gravitational instability models for distant planet formation.

Based on our RVTG discussion of the eccentric systems, we suggest that Kozai mechaniém is one of
the likely origins of three eccentric planet systems in our sample, ¢ l[‘)ra b, HD 5608 b, and HD
14067 b.
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