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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

KI5 & & O E ORI EIIRE 32D A4
e ns. (1) BEZEREERO LA (L),
(2) KIBRIRD A1 ZURE5(L2), (8) L1 & L2A3~
U A R— R BB > -5 L3 ) Th D, LlTE
MR & SRR E TEIXN T 5. ~ U 4R —XHi
I CJEME S, BRI R U, KB ZER LT
FBER~ N T L2ITKBR D A 31 F VST
HY ., BEROENOEETREIHA~TZ2DNTND.
TN OFEMEF R D5 DY - HESOT —
2R L TCKIGEOESGEEZRET D, EHOF
iz A—20ERZ AV, U3k o L HicE»ns.



4 KB BE PN ~R N9 2 S35 1 o oD B0 AT

E=——XxB (9

2.2 TR MIFERIE

7 A MR FHE TSR R TR b L E H e
B E,BO S & R T OB A BT 5. HH)
W EDEELOZIRITZE L TR HF, Mk D)
(C K DEBH~OKEMBEEL TV D, BRI
PUF oE@ 2 Usie 5 .

dp v dr
E—Q(E'FEXB),E—'IJ ( )
10
N
p=myv, y=(1-3

m, q, ¢, Yy \ZENENTERT OFF LG &, BT,
W, 2L Ce—L>YRLTHD. 1, v plIiE, &
B EEBEOIRITERY N ThD. T2 CRERIX
FHROER D THDH 72 hEBELTND. Rt
OHMMLE X, > — MR (x = —-250AU, —200AU<
y <375AU, —200AU< z <375AU) I —FRIZELE L | L
F- ¥ 12500,000fH TH 5. MO —1L Y RFIE
y=10,1000& L, 2N 51EE L Z10GeV, 1TeVO
TICHY T 5. PIHEE A 2 = VA Th 2, &2
M2 MR35 ORI O E K LTT & D FIC
L. RERREHE o IS FUCRE U7 R T 0
BUEIZ DWW CHEmT 5. 7. Bkl T OES) HfEX
X, T AT ab—va VBT HIERET L
=Y X A5 TdH 5 Buneman-BorisiENZ L - THE N
%, IBIC, RTOMBICRBITAEREE. ZU v R
FICEREN TV AERBICL VS NS. o
BICIE, 2D AT T A kx4 5 10

S oF

. ERBRR-FR

3.1 y=10(~10GeV)

y =10 ORIFIZE v FA2 90° D4, Bz T
BEEZOTAU DY ¥ A 2L HFLTEBY  KGE O
ZER A A — AT AR THRD TN E W, Z D70 KB
IR A L TR 1, KBE A — 0 L0 SRS
— VO RFTR BRI ORO EOWBEZITH. £0D
FER. Yy =10 ORIFISIIERE & 7ei@EBh R — 2 i BB 2
LR S Tz,

3.1.1 KBE-#HSPHEE- RIEEFERA~NORA

Fig. 4 (a) (2B L %250 THRABERICEIE L2k 1
OHEZ RS, BEZEM» ST HH Sk 1%, Ll
B ORI - TEB) L CT2HR@%, ~) AR—2
BT 2 B KB ~MEAT S, £ O Fig. 4 (b) 127
FTEOIZ, KT DR D558 B OARIL, ke

o TWD. RAK, ~UAR—XIZh-> CGEET 5
B3 U5 BIX, 5EMECHORE L, 0 (28-S0
TW5. ZHUTHRL 7T REFE IZER STV B A H
PEFICRALIZ720Th 5. BE T TS LT
W2 R 7@ B X, 17.5 HAHE TH ORI AR 085 6
5. FOEOEE4 Fig.4 () (&F&7. Fig. 4@ X
ORI R N YR D EIRASBE Yo T .
OB IR A LR 71, b e A XAV -
CHEEE) L2 519 B ICIE ks & Fitlk~, 2301
VR TR & RV~ R AT D | R AEAICN
MBER ORI « PREERICREET .

-200
0
200 x (AU)

0 5 10 15 20
time (days)

y (AU)

-100 -50 0 50 100 150
x (AU)

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,,
(e) B,, ® B, (g) pitch angle cosine
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