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Numerical simulation of the transport process of cosmic rays into the heliosphere
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Cosmic rays are highly energetic charged particles found almost everywhere in space. Although the majority of galactic
cosmic rays (GCRs) are prevented from entering the heliosphere, some fraction of them can reach deep inside it and can |
observed at the Earth. It is not well understood how and from where the GCRs penetrate into the heliosphere. The heliosphel
has two large scale discontinuities called the solar wind termination shock and the heliopause. The magnetic field inside th
heliosphere typically shows the Parker spiral feature, while the field lines outside the heliosphere (local interstellar space) til
from those of the solar wind. The trajectories of the GCRs transported into the heliosphere should be complicated because
such complex boundary structures of the heliosphere. Voyager spacecraft are now exploring in-situ the boundary region of th
heliosphere and the boundary structures are intensively studied. Further, large scale MHD simulations are also performed at
detailed structures of the boundary region are being revealed. In this study, we investigate the transport process of the GCRs in
inside the heliosphere by performing test particle simulations using the electromagnetic fields produced by a large scale MHI
simulation.

We follow the motions of a large number of test particles (protons) in the electromagnetic fields obtained from the MHD
simulation which assumes steady state solar wind and interstellar plasma interactions. There are three typical types of magne
field line configurations, i.e., interstellar magnetic field lines draping the heliosphere, spiral solar wind magnetic field lines swept
away downward by the interstellar wind, and the field lines connecting these two at the heliopause. Here, we consider the te:
particles with different energies, 10, 100, and 1000 GeV. Initially, they are homogeneously distributed in the interstellar space
far upstream of the heliosphere. Their initial velocities are along the local magnetic field. We found that the transport proces:s
varies depending on the particle energy. For 10 GeV protons, a majority of the particles travel around the heliosphere along th
draping field lines or are mirror reflected at the front edge of the heliosphere. Nevertheless, some of other particles approach tt
heliopause and keep the motion in the vicinity of the helioshere. Some of these particles reach deep inside the heliosphere alo
the solar wind current sheet with relatively short time. Some others travel tail ward along the heliopause and are captured at
certain position by a solar wind spiral field line to follow it toward the sun with relatively long time. For 1000 GeV protons, some
particles can enter the heliosphere almost without being affected by the solar wind magnetic field due to their large gyro-radius
In the poster, we further estimate some quantities like the efficiency of transport, the time to reach deep inside the heliospher:
etc.
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