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Simulation study on the roles of heliospheric boundaries in the behavior of galactic
cosmic rays
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Most of the galactic cosmic rays (GCRs) coming from interstellar space are prevented from entering the heliosphere. Only
a fraction of them can propagate deep inside the heliosphere and be observed on the Earth. The motion of a charged particle
in the heliosphere is quite complex because of the solar modulation effects. Our goals in this study are to understand how the
GCRs enter and reach deep inside the heliosphere and to determine the statistical behaviors of solar modulated GCRs at the
level of particle trajectory.

We perform three-dimensional test particle simulation using electromagnetic field data of the heliosphere reproduced by
an MHD simulation, which assumes that the solar magnetic field has positive polarity with zero tilt angle. Initially, a large
number of monoenergetic protons are distributed in interstellar space and injected in random direction to the interstellar
magnetic field.

In this presentation, we focus on the roles of heliospheric boundaries in particle orbit and statistics. For the particles with
y =10 ("10GeV), invading particles propagate in the region where the local magnetic field is weak, e.g., the heliopause and
the equatorial current sheet, wheyeis the Lorentz factor. Particles are hard to propagate upstream the termination shock
due to the supersonic outflow of the solar wind. Finally, a relatively large number of particles reach the high latitude inner
boundary (at 50 AU from the Sun). Particles with=1000 ("1TeV) level are almost insensitive to the small-scale structures
of the heliosphere because of their large-gyro radius. Hence, Particles easily come into and out from the heliosphere. Some
particles can resonate with the large-scale eddies in the tail region. Some other particles passing by the heliosphere are mirror
reflected by the bottleneck structure of interstellar magnetic field surrounding the heliosphere and return to the heliosphere.
The number of particles reaching the inner boundary is larger (smaller) at the tail (nose) side than average.

In the current simulation realistic effects such as the presence of MHD waves, the variation of magnetic polarity due to
the solar activity, finite tilt angle of the solar magnetic moment, are omitted. These effects are essential for more accurate
discussions and should be included in future works.
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