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| studied the movement of asteroids in the solar system mathematically with Kaloshin. The number of
asteroids in the part called the Kirkwood gap in the solar system is much smaller than the other parts.
This part is a part (unstable region) where resonance occurs when applying the perturbation theory to
the solar system model, and it is a part where invariant manifold called KAM torus does not exist. The
phenomenon that escapes from the unstable region is called Arnold diffusion and it is the theme that
Kaloshin energetically studied for many years.

In this study, we showed that in the restricted four-body problem modeled by solar - Jupiter - Mars —
asteroid system, the asteroid leaves the Kirkwood gap by Arnold diffusion and reaches Mars.

In the future, we will continue to study with Kaloshin about the existence of orbits where Mars will
capture asteroids that have escaped from Kirkwood gap for Arnold diffusion. This theoretically shows
the possibility that an asteroid in Kirkwood gap will become a satellite of Mars, which is considered
to be an important mathematical and astronomical study.

During my stay | participated in weekly Dynamics Seminar at the University of Maryland and have
been doing research discussions. We also discussed with colleagues in another research by Kaloshin.
At Mathematical Sciences Research Institute in Berkeley, Kaloshin also participated in four research
meetings featuring the Hamiltonian dynamics system which also serves as an organizing committee.
At that time, | discussed with many researchers. Through them, | was able to meet many researchers.

I discussed with Kaloshin once or twice a week during my stay. Now we continue to conduct joint
research. It is planned that Kaloshin will stay in Kyoto for a month and a half in 2019 by adopting as
applicant for inviting foreign researchers of the Japan Society for the Promotion of Science. In the
meantime, we will further develop our research, and at the same time we will have more advanced
results by Kaloshin presented at domestic research groups and seminars.

Since the final goal of collaborative research (Arnold diffusion from Kirkwood gap and trapping
trajectory of Mars) has not been completed, we will continue the research, and then will write and
submit the paper once it is completed.
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Kaloshin's research plan was very magnificent. We could not make progress as we had expected at all
for several months after we started collaborative research. However, Kaloshin never changed the
theme and never gave up. Then we greedily studied the theories that might be useful and tried various
methods. | believe that what | felt from such a research attitude is useful for my own future research
development and teaching of young researchers and students.

We were able to obtain advanced information on Arnold's diffusion research and billiard problem that
Kaloshin has been studying.

| tried various theories and read many relevant papers, so | was able to acquire a lot of theories.
Several other themes have been obtained as well. | think that future research can be widely expanded
and deeper than before overseas research.

With this overseas study, | was able to acquire many theories and expand the range of my research.
We will make use of it in future research, we strive to produce greater results, and also use it to teach
students and young researchers.

Also, | got acquainted with many foreign researchers and expanded the network. In that regard, as
well as continuing international collaborative research in the future, we also invite outstanding
researchers to domestic and contribute to the development of domestic dynamical theory.

Actually, Kaloshin is planning to stay in Kyoto for about a month and a half since June mid-2019.
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