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Abstract The geomagnetic cut-off rigidity can effectively measure the shielding effect of Earth’s

magnetic field on cosmic ray particles. In this paper, the single particle orbit theory is used to

simulate the movement of cosmic ray protons in the Earth’s magnetosphere and the specific location

within the magnetic field along the vertical direction to the Earth center. Based on the establishment

of T04 and IGRF2000, the fourth-order Runge-Kutta method is used to simulate the trajectories of

particles. The vertical cutoff rigidities of global cosmic protons around the height of 450km above

Earth’s surface at two moments in November 2004 are calculated. The value change of geomagnetic

vertical cutoff rigidity with the magnetic latitude and magnetic longitude is analysed with the help
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of 684 calculation results at the same moment. The changes of protons vertical cutoff rigidity with

the height from Earth’s center, at the position of magnetic latitude of 30◦, magnetic longitude of 0◦,

45◦, 90◦, 135◦, 180◦, 225◦, 270◦, 315◦, are also simulated. Simulation results show that the change

of geomagnetic effective vertical cutoff rigidity with the increasing height from the Earth’s center is

getting more and more slow along the sunny direction to the magnetic tail.
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Fig. 3 Change of the protons vertical cutoff rigidities at the north Magnetic Latitude (MLAT) of 50◦, 40◦, 30◦, 20◦
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Fig. 4 Change of the protons vertical cutoff rigidities at the north Magnetic Latitude (MLAT) of 10◦, 0◦

and south Magnetic Latitude (MLAT) of 10◦, 20◦
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Fig. 5 Change of the protons vertical cutoff rigidities at the south Magnetic Latitude (MLAT) of 30◦, 40◦, 50◦, 60◦



� ��: ����Æ������ 2004 � 11 � 7−8 � !"#$%&'() 255

+ 0◦ A+?, 180◦ A+H.

2.2 LMQR*+STU,EF
ZP[NFVWX
++,<C.65(F34.56%B@>A,

01: 2004?d 313 U 05:55UT ,BBC, *!>
F 30◦, !?6'(+ 0◦, 45◦, 90◦, 135◦, 180◦, 225◦,

270◦, 315◦ A5(@A4.56='H-7T.6
%B@. k 6 ;5%301J*. 01i[r3E 1.

IE 1 :;j5, *CB7!>/A, '7!F34
.56=H-7T.6%\YB?, *!?6+ 0◦

A, '5(F34.56*H-7T.6 9Re ;<
k#+ 0GV; *!?6+ 90◦ $ 270◦ A, 5(F3
4.56*-7T.6 4.25Re ;<k#+ 0 GV;*
!?6+ 180◦ A, 5(F34.56* 3.5Re ;<
k#+ 0 GV. 44:;`+, lm[@.V%R4
S..5(T.8aX74!"89!FA. 01
V8VCBC!F6+ 30◦, !?6+ 0◦, 45◦, 90◦,

135◦, 180◦, 225◦, 270◦, 315◦ A, 7!@AF34.
56=.6%B@>AEn, *!F 30◦ A, '5(
@AF34.56=H-7T.6%B@`=JA
=!]A*=, B@r'rs.

2.3 PQ]9^_`STU,EFVab
D47!4.561%B@nF87!K&%

MN. ++,5(7!F34.56*!=@0<
C Dst 2JE%B@>A, j801%-:CBB
!=HG* 450kmAABBC%D47!+?4.
56%B@>A. Ik 8 :;j5, A BC7!K&
2J Dst = −393, B BC7!K&2J Dst = 8.

k 9 ;5%3k 8 [f A BC01%D4+c4.
5621S. 4k 9 :;j5, *7!m>/'(@
Bk'7E+?4.56lm?, #%+ 0◦, 7R4
S5(:;I!]^!"Y89!m>/E. *!
cF7E, !Fo6s 20◦, ,BEt+c4.56
> 12GV, t<n\Y, 7R4S)561 � 12GV

%5(<.aX74!"89,BEt 450km%.
6A. k 10 ;5%3k 8 [f B BC01%D4
+?4.5621S. Ik 10 :;j5, f A BC
D4+?4.561Vo,VC4.56%21S*
!]A=muq, *=JA=>uq. *!cF7E,

!Fo6s 20◦, ,B+c4.56 > 12.5GV,7R
4S)561 � 12.5GV %5(5<.8aX74
!"89 450 km .6A.

n 6 �q��g� 70◦, 80◦, 90◦ �����������
Fig. 6 Change of the protons vertical cutoff rigidities at the south Magnetic Latitude (MLAT) of 70◦, 80◦, 90◦
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Table 1 Proton effective vertical cutoff

rigidity (Unit GV) at variant

geocentric altitude

geocentric geomagnetic longitude/(◦)

altitude/Re 0 45 90 135 180 225 270 315

1.25 8.69 8.34 5.76 0.81 0.16 1.40 5.81 8.52

1.50 5.80 5.52 3.38 0.17 0.14 0.49 3.60 5.70

1.75 4.04 3.76 1.99 0.11 0.11 0.27 2.32 3.91

2.00 2.87 2.64 1.17 0.11 0.10 0.25 1.49 2.75

2.25 2.06 1.83 0.54 0.10 0.09 0.16 0.89 1.96

2.50 1.46 1.24 0.21 0.06 0.08 0.10 0.52 1.35

2.75 1.00 0.79 0.17 0.03 0.08 0.03 0.29 0.93

3.00 0.72 0.48 0.07 0.01 0.08 0.02 0.34 0.51

3.25 0.44 0.32 0.04 0.00 0.07 0.03 0.31 0.32

3.50 0.32 0.19 0.02 0.00 0.03 0.04 0.25 0.29

3.75 0.25 0.20 0.02 0.00 0.00 0.04 0.21 0.33

4.00 0.27 0.22 0.02 0.00 0.00 0.05 0.15 0.28

4.25 0.28 0.19 0.00 0.00 0.00 0.05 0.06 0.28

4.50 0.24 0.18 0.00 0.00 0.00 0.00 0.00 0.27

4.75 0.24 0.20 0.00 0.00 0.00 0.00 0.00 0.26

5.00 0.24 0.20 0.00 0.00 0.00 0.00 0.00 0.24

5.25 0.25 0.19 0.00 0.00 0.00 0.00 0.00 0.22

5.50 0.23 0.15 0.00 0.00 0.00 0.00 0.00 0.22

5.75 0.22 0.18 0.00 0.00 0.00 0.00 0.00 0.23

6.00 0.24 0.22 0.00 0.00 0.00 0.00 0.00 0.22

7.00 0.22 0.18 0.00 0.00 0.00 0.00 0.00 0.15

8.00 0.14 0.15 0.00 0.00 0.00 0.00 0.00 0.05

9.00 0.01 0.07 0.00 0.00 0.00 0.00 0.00 0.02
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Fig. 7 Proton effective vertical cutoff rigidity with

geocentric altitude at magnetic latitude 30◦, magnetic

longitude 0◦, 90◦, 180◦, 270◦
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Fig. 8 Changes of Dst index in November 2004
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Fig. 9 Global minimum vertical cutoff rigidities at

450 km altitude of 20:45 UT on November 7, 2004
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Fig. 10 Global minimum vertical cutoff rigidities at

450 km altitude of 05:55 UT on November 8, 2004
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