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Trajectory analysis of galactic cosmic rays injected into the heliosphere
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Galactic cosmic rays (GCRs) (10GeV~100TeV) are observed on Earth, and their intensity has an
energy dependent anisotropy of the order of 0.01~0.1%. According to the Parker model, this anisotropy
may arise from their interaction (diffusion and convection) with the heliosphere. However, this model
is not able to explain the characteristics of individual particle trajectories. In order to understand the
invasion process of GCRs in the level of particle trajectory, we performed three-dimensional relativistic
test particle simulations in the heliosphere reproduced by the MHD simulation assuming time
stationarity. In this paper, we discuss trajectories of the GCRs (protons) with energies of ~10GeV and
~1TeV. Our results indicate that characteristics of particle trajectories change depending on the
relative scales between particle gyroradii and heliospheric magnetic structures.
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Fig. 1 Coordinate system used for MHD and test par
ticle simulation.
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Table 1 Simulation prameters

Interstellar wind  Solar wind (at 1AU)

|B| (uG) 3 35

V] (km/s) 23 400

N (/ec) 0.1 5

T (K) 6,300 100,000
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Fig. 2 Heliospheric structures of (a) magnetic field
strength B, (b) y-component of magnetic field
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Fig. 3 Magnetic field line structures of heliosphere.
L1 : Draping interstellar magnetic field

L2 : Spiral solar wind magnetic field
L3 : L1 connected to L2
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Fig. 4 Trajectory of a particle with y = 10. (a)
Trajectory in a 3D space. (b) Time variation
for magnetic field strength at the particle
position. (c) 2D projection of the particle
trajectory
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Fig. 5 For the same particle as Fig. 4. (a) Trajectory

in a 3D space. Time variation of (b) particle
position, (¢) B,, (d) B, (e) pitch angle cosine
respectively. Meandaring and bounce motions
are shown bv red and blue lines
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Fig. 6 Trajectory of a particle trapped by a solar wind
spiral magnetic field with y=10. (a) Trajectory
in a 3D space. Time variation of (b) B,, (c) B,,
(@ B, (e) B.
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Fig. 7 Particle motion along the termination shock.

(a) Trajectory in a 3D space. Time variation
of (b) B. (c) Expanded view of 3D particle
trajectory
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Fig.8 Trajectory of a particle almost linearly reaching
in the inner boundary with y = 1000. (a)
Particle trajectory in a 3D space, (b) Time
variation of B.
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Fig. 9 Trajectory of a particle rezonantly scattered
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y =1000. (a) Trajectory in a 3D space. Time
variation of (b) particle position, (¢) B,, (d) B,,
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