R007-P01
RXZ—2 111/25 AMUAM2 (9:00-12:00)

W E AV KBEZ R 3 IRAFERONFHES S X2 T
#E EAHS D, AATE 5 29, kst TS, 5
(UK AT, @ UK - AT, G JURKRE T, (4 SRR

Machine learning clustering of galactic cosmic ray trajectories in the heliosphere
#Kotaro Yoshida'), Shuichi Matsukiyo®*), Fumiko Otsuka®, Tohru Hada®)

(Unterdisciplinary Graduate School of Engineering Sciences, Kyushu University, (?Faculty of Engineering Sciences, Kyushu
University, ®Department of Advanced Environmental Science and Engineering, Faculty of Engineering Sciences, (*Kyushu
University, International Research Center for Space and Planetary Environmental Science

Galactic cosmic rays (GCRs), coming from interstellar space, propagate deep inside the heliosphere and reach the Earth.
Their motion in the heliosphere becomes very complicated due to solar modulation. Our study aims to understand how the
GCRs enter and reach deep inside the heliosphere at the level of particle trajectory, and to clarify the role of the heliospheric
structure contributing to solar modulation.

In our research, we conduct test particle simulation using the electromagnetic field data of the steady heliosphere repro-
duced by global MHD simulation to investigate the behaviors of GCRs entering the heliosphere and propagating deep inside
it. We analyze particle trajectories and particle statistics of GCRs with energies from “10 GeV to "1 TeV that reached the
inner boundary defined at 50 AU from the sun. We previously reported the results of particle statistics obtained from the
large-scale test particle simulations using 10 billion particles. It was found that particles with an initial Lorentz factor of y
=10 (about 10 GeV) reach the mid-to-high latitudes of the inner boundary, while particles with y=1000 (about 1 T eV) are
mainly distributed in the tail region of the inner boundary, causing strong anisotropy in their arrival distribution.

In order to clarify the role of the heliospheric structure, it is necessary to quantitatively evaluate the relationship between
particle trajectories and particle statistics. However, the particle trajectories within the heliosphere are highly complex and
difficult to extract their characteristics. Additionally, there is a need to process large trajectory datasets, making it challenging
to identify the patterns of trajectory that significantly contribute to particle statistics. In this study, machine learning tech-
niques are employed to tackle this challenge (S. Markidis., et al, 2020). Here, Principal Component Analysis and k-means
clustering are applied to the trajectory datasets, enabling to cluster a large number of particle trajectories reaching the inner
boundary at 50 AU. The trajectories of statistically important particles are then identified and analyzed. We report the details
of the clustering method and its analysis results.
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