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Heliosphere is formed by the interaction between the supersonic solar wind plasma and the interstellar plasma. It is char-
acterized by structures such as the termination shock and the heliopause, and is a region dominated by the solar wind plasma
and magnetic field. Galactic cosmic rays (GCRs), coming from interstellar space partially penetrate into the heliosphere,
experience the influence of heliospheric structure, and undergo highly complex motion before reaching the Earth. Our goal
in this study is to understand how GCRs penetrate into the heliosphere and reach the Earth at the level of particle trajectory,
by combining global MHD simulations with test-particle simulations.

In this study, we performed test-particle simulations using electromagnetic field data obtained from a global MHD simula-
tion under the assumption of a steady solar wind, in order to investigate the penetration process of GCRs into the heliosphere.
In the MHD simulation, the solar wind parameters at 1 AU were set to 400 km/s (velocity), 5.0 /cc (density), 35 p G (mag-
netic field strength), and 10° K (temperature), which were extrapolated to the inner boundary at 50 AU (from the Sun). At
the outer boundary corresponding to the interstellar space (900 AU), the parameters were set to 23 km/s, 0.1 /cc, 6,300 K,
and 3 p G. While previous studies have been limited to discussions up to the inner boundary at 50 AU in global MHD
simulations, here we extended the calculation domain up to 1 AU by applying the theoretical Parker spiral model inside 50
AU, and investigated the particle trajectories of GCRs. We also considered the effect of cosmic ray pitch-angle scattering
due to turbulence, since the heliosphere is usually turbulent and the magnetic fluctuations are known to be comparable to the
background field.

In this presentation, we focus on the trajectories of particles with Lorentz factors y = 10 (10 GeV) and y = 1000 ("1
TeV). For y = 10 particles, it was confirmed that they are trapped by the spiral magnetic field of the heliosphere and then
guided into polar current, ultimately reaching the inner boundary mainly from the polar regions of the heliosphere. For y =
1000 particles, some particles penetrated directly toward the inner boundary, while others exhibited large-scale motion in the
heliosphere and eventually entered through the polar regions of the heliosphere. In particular, for y = 1000, we launched 10'°
particles outside the heliopause and conducted large-scale simulations, enabling us to investigate their statistical behavior in
relation to characteristic trajectory features.
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