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Joobbod

1.1 0000

udoboooboooouoobboooooboboooooboobobooooooboob. Ood
OO0DO0o00 1,000 km OO 50,000 km OOD0OO0O0OO0OOCOOODO,O000 100 keV
o00 10MeVOOOOODOODODODODOODODODOODOODODOO.

00000 Van Allen DO O0OD0O0 1958 000000000 Explorer I (1958 O 1
0), 11 (1958 0 3 0), IV (1958 0 70) 0000000000000 (Van Allen et
al., 1958; Van Allen and Frank, 1959), O O Pioneer I (1958 O 10 O), III (1958 O
12 0), IV (1959 0 3 0), Sputnik III (1958 0 50)00000000000000
O00000ooo (0 1.1). Van Allen OO0O0 1958 000000000, 00000
SAMPEX (Baker et al., 1993), CRRES (Vampola, et al., 1992) 0000000000
oo, oo ooboobobouonoooa
0 (Freeman, 1964; Mcllwain, 1966; Williams et al., 1968; Lyons and Thorne, 1973).

ggogobooobobobooooooobbobobooo, bbb bbbbooooga
gogodooobooodooooooooooooo,bbbbbbobodooooon
ggooooodoododo. o000, LOo O
oo o. U, UUOo O
ggoobooooobooboooooboboooobobobuoooobbbooobbooa.



010 0000000

111 000000

0O 10keVOOO MeVOOOOOODODODOOOOOODOODOODOO 1.1 —-25Rg
(Re0OODO0OO =6378km) D000O0D0O0O0 3.0-70Re 00000000000
000,000000000 (0 1.1). 00000000 DO0ODOO0ODOO0OO0O0OO
gdd,jdddddddddd. oD bobbbboDbDbo
O (Walt, 1996). 000000000000 (~10GeV)O0OODOD0OOO0OOOOOOO
gobobboobboodog,bggooooobbbobbbbodoooooooboo
00 (CRAND:the Cosmic Ray Albedo Neutron Decay). 0000000000000
gobobobobooooooooboobo. gobbobboooooooboobboooooooboo
O0000,0000000 CRANDOOOODODOUODOODDOODODODDODOODOOOOO
(Beutier and Boscher,1995). 00000000000 000000000O 4.0-5.0Rg
gogod,ooooboobooboboobobobbobbbbbbooooo00000oooogg, o
000000000000000000000000000000000 (Baker et al.,
1994), 00000000000 DO0OO0O0O0O0OOODOOOOOOOODOOODOO (eg.
Horne, 2007).

112 DO0O0OO0O

0 100keVOOO 1I0MeVOOOOOOOOODOOOOOOOOOO0O0 1.1 -40RE
00000. 0000000000000 D0O0000OO0O (0 1.1). D0D00DO0OOOOOO
obooob,booobboobbod. bboobbooobbooobboobobo
goooooooobobobobo,0uouuuuuuuuuuuououoaauoagagggd
oodd. ddddoddodoooog,bbbbodddddddo0ooooooogda
000000000 (Beutier and Boscher,1995). 0000000000 Albert et al
(1998a,b) D OO OO CRRES 0000 Bourdarie et al. (1997) OO0 00000000
boboobooboboobooboaoboan.



1.2 00000000000000

113 000000

ugodogooooobobobo,ob0bbebbbbb0o0dodU. ooogad
ggodooobobooobooboboooooooooooobooobooo,bbboddgoooon
goooboobo. oo, jggoobobobbdoodo, bbb bboooooUu o, ™
goodoooobobooobobobooooooogoobbbbbbobodUUUL, U0 @
ggoobobooooboobooooboooa.

1.2 JO0O00obOoobooooooon

gboooooouooooa, oo oonoouo
go. ooo,b0bbbbbboo0dd0oooouobL, oo obobboboobDo
ggodoooboboooboobooooo, 0o oooooboboobboboodoooooag
00000000000 000000D0O0000 (e.g., Baker et al.,, 1994). Li et al.,
(1997), Li and Temerin (2001), Friedel et al., (2002) 00 0000000000000
ogd.

ugoooboobobobodoodooo,gooboobboogooooboobobbooooagn
0 (Baker et al.,, 1986). 00 000000000000 O0O0OO00DO0O0OOOODOOO
g, ggobobogoubuoooobbooob. oobboooobooobbooon
O0000000,000000000000000000000 (Li et al., 1997; 1999).
00,0000000000000 LOOOOOO (L~4) 00000 (Baker et al.,
1994; Li et al., 1997, 1999; Obara et al., 2001). 00000000000000000
000000000000000000000o0oouoooooa, CIR (Co-rotating
Interaction Region) 00 0000000000000 O0O0O0O0O, CME (Coronal Mass
Ejection) 0000000000000 O,00000000000O0OODOOOO
000 (Miyoshi and Kataoka, 2005). 00, 0000000000000O0O0O0O0OO
000000000000000000000000Uoo0oooon (Reeves et al.,
2003).

gg,o0ooooboboobobbbbbbbbbbbbbbbbbbbbbbb,00n



010 0000000

dodobooooooooboouoooobo, booooooooobouoobooooa
00 (Baker et al., 1994; 00 00O 0O, 2007).

ygododoooodooooouooooooooboooooooo, bbb, 00
gooobooooboboooooooooboobooog,bbbboodoooooooboon
goboboooobobboooobob,bbooobbbuoooobbuooon.

ggoobobobobbooooooobobbbboooobo,oobobbobbbooogo
gooboboobbodoooooooooboobobooduo, oo oooboobo
0000000000000 (D0000). 000000000000, 0000000
0oo00o0ooO0oooUo0oD (boooo (M,J,9)00000000000.

oo ooooooooooog. O
OO000dobOooooboooobOooooooooooo,000o0,e00000
ddoooodoooooo, oo ooboooooouooouood
O.0000,M,JO000000D0000DO0O00O0DOOOODOOOO. ODOOOO, 040
goodoobooooooobooobooooooo. oo, 000oo0b0oooooo, d
ddddoooooooooo. booooooooooooooooooooooon
000000 (Dessler and Karplus, 1961; Mcllwain, 1966; Kim and Chan, 1997). O
g, 0o ouob, oo uooboa
00000000000,00000000000000000000 (Kim and Chan,
1997). 00,00000000000000O0O0U0O0OUO0O0OOOOODDOOUOOOOO
goooooao (Desorgheretal.,QOOO),DDDDDDDDDDDDDDDDDDDDD
000,000000000000000000000 (eg. Baker et al., 1986; Nagai,
1988), 00000000000 000 (Liet al., 1997).

0000000000000 000000000oooooog (Lyons and Thorne,
1973). 0000000000 O0O0OO0OOD0OOD0ODOOOUOODOOOOO,000000
gooboooboo,bbbbbdddoooooobbbbbbo0do0oooooobooboo
0000000o0ooooo (Falthammar, 1965). OO0, 0000000000000,
gobobooooobuoooobobuooooboboooobobboooobbboooooboo
0 (00000000, 000000). 0000000000, 00000000000
goobb,0ob0bbbbbbbddooouoobobbobbbb00ouuooobobo
gobbob. ogoobobobbtooooooboobobbodoooobobbooooooooboo
gobobogooobuoooooboboo. bogob,bbboooobobooan.



1.2 00000000000000

¥ (AP8)

EF (AES8)
I ZIL¥—>0.5MeV

10°

20y MER

011 000000 (>10MeV) (0)00O0O00D0O (>05MeV) (0)0000
0. 000000000 em™?s™'. NASAODOODOODOODOOOO (AP8) 0000
00000000 (AES). (00000, 2000)

LOG

SAMPEX (PET) E > 400 keV e SAMPEX (HILT) E > 1 MeV FLUX

L - VALUE
L - VALUE

190 770 250 2

M e

580 190 270 250 280 310 340 370 400 430 460 400 57
DAY OF YEAR (1992) DAY OF YEAR (1992)

0 1.2 SAMPEX OOOOOOOOOOO 19920 7000 19930 700000
00000000000 (Baker et al., 1994).



010 0000000

0000000000000000000000000000000O0 (e.g. Thorne
et al., 1973; Abel and Thorne, 1998), 000000000000 000 (000000
00)0000000000000o0oooooo (Lyons and Thorne, 1972; Abel and
Thorne, 1998; Albert, 1999).

000000 oO0O0000000ooDoDooOo0oo00dO 100Hz OOODOoOOoOoooadad
000 5-50pT 0000000000000 0OO (Thorne et al., 1973). DOOOOO
oo ooooboooooooooooooouoood
goooooo (Thorneetal.,1973). 0000000000000 kHzOoOOOOOO
dododo,oggbooodouogboboooooboo. oobooboooooooa
dodooooooooobooo, oo ooooooooooood
000000,0000000000000000000 (Lyons et al., 1972; Thorne et
al.,, 1973). DO0O00O0O00O00D0OO0ODOOO0O0OOOO (Lyons and Thorne, 1973). OO
0,000 oooooooooon,
doboooooooooooog.

oo, 0o oouooooodooooooooad
00000000 (e.g. Horne and Thorne, 1998; Summers et al., 1998). 0000 O
doodoboodooooobouoooobooboooooooooboouooooa
O (Brautigam and Albert, 2000; Miyoshi et al., 2003), 00O, 00000000000
doddooooodoooooooooooooooooonooooooooogo
0000000000000000000000000000 (Brautigam and Albert,
2000; Miyoshi et al., 2003). 000000000000 ODOODOO ULF/VLFOOO
oo oouooo, oo oooooouobooood
0000000 keVOOOOO MeVOOOOOOOOOODODOUODOOOOO (Liu
et al., 1999;, Summers and Ma, 2000a; 2000b). 00, 000000000000 0OOO
doodogoooooooodoooooooooooooooooooooooood
0000 (e.g. Omura and Summers, 2006). 000, 000000000000000
goo, g0 oooooooooo
000 (Shiokawa et al., 2006).

ugobbo,bbooobbooobbooooobobooobbooobboooobod
000000000000000000000D0D00000D000000 (Baker et al.,
1979), 00 0000000000000 OD0OOO0OO0O0OUDOO0OOOOOOOOOO
goo.



1.3 000000000

ggogobooobobobodoooooobbobboooooobobob,bbbbboooga
oo ooooooboobobobobbo. bbbobbbobooboobobo,d
ggoooobbobbbboooooooooboboobo,bbbbbbodooooon
go00o00o0o0o0o0ooOooOoUOoUOU00O000DOo0O0oDO0LD (DDOooo,
2000), 000000000 OOOOOOOUOUODOOOOOOOUODOOOOOOOO
ggoo.

1.3 ODoooooood

000000000000 000000000000000D00oDooooOog (eg.
Obara et al, 2000; Miyoshi et al., 2003). 000000000000 O00O0OOOOOO
00,0000000000000000000O0. 3000000 (0DO,0000,0
0d0o0)00o0o0ooo0oooUooooooooUoD (boooo (M,J,9) 000, O
ogooooooboooooooboo, oo ooooouoooboo. oo,
oo oooooouoood
gooogd, oo ooooboionooooua
(00000ooooDoooooon) (Dessler and Karplus, 1961)

00000000 Falthammar (1965) 000000000000 0O. 0000000
ggoooobooboooobooooooooooooboobobooooooo,doooon
00000000000000000000000DO0O0O00. OO, Cornwall (1968)
goodooobobobbboooouooooobb,oobobbbbbbboUooUoog
ggoboboooobobboooobobboooobobobooooboboooobbooon
ggoboooooon.

Lyons and Thorne (1973) 00 000000000000 D00000O00OO0O0OOO
gooboo,bbo0obbboooobboooobboooobb. boooob,
Lyons et al. (1972) O0O00000O0O0O0000O0O0O0OOO0OOOOOOOOOOO
gogo,goobobo,obobbodoooooooboo. oo, obbobbooooon
gogobboooobbboooobbbooobbbooonooboooobbooon
gogobobboooobobboooobobo.

Brautigam and Albert (2000) 0000000000000 0OO00O0OO0ODO,000
oo oobL. oo bobobbb, 00000 oon



010 0000000

00000000000000 KpOOOOOoooooO, Cornwall (1968) 000 00O
gogooobooooboboboboobbooboobobobb. bbb, 000oboboboboboboboobobo
000 LO00O0O000O0O0000O0O00DO KpoODOOOOoDooobD.oo,0000
gobobboboooguobobobtbboooooobbobbdoooobbbb.ooobo
000000000000, 00o M <314MeV/GOO0O0O0OOOOOOODOOOO
O,M>700MeV/GOO000000O0D0OD0OOD0O0OO0OOOOOOOOOOOOOO
goobooooboboo,gobbboooobbboooooboboog.

godobbooobbooobbuooobbboooobboooobbuoouboboOoo
gooboboobbobodoooooooboobbobbobodooooobobbobo,obobo
gooboboobobooog,bboodoooooboobobddoooooooooo
goboo,boooobboogobobooobbo,bboooobobooooboo.

ggoobobobobbooooooobobobo,bbbodoooobbobbboooad
gobobboboooouobobobbtboooooobobob. oo bbboooooubo
goobobobooooooboobbdooooobooboobboooooooboobobboooo. bo
gobo,bbdoobobbdogoboboooobbbooo bbbooobbobooooobo
goooooon.

14 0OO0O0O0O0OO

ggoooooobo,bbbtbdooooooboobbobodooooboobbobooooaag
0, Falthammar (1965) O Cornwall (1968) 0000, 000000000000 O0O
g, dobbdooobbuoooobobo, bbb boooo,obbboogoboo
O000000. 0000000000000 00000 Brautigam and Albert (2000)
gooooobooogoooobooboobobooooooooooobo. oo, ooobooobog,
oo obouooooboooioooo,obobuoboooud
gogooooboboobooobbobobbbbbb. bbb, 0o oUobo
gooboboobboodoodoooooobooobooddoo, oo oobooo
g,0boggoboboggbooogoboboooboo. oo, ggobboodanboo
gooboboobobooog, bbb bbbbbbdoooooobobo
gobobo,bdgdoboboodgobbbooobbbooooboboboooon.

Brautigam and Albert (2000) 000000, 000000000000000000



1.4 000000

oo obobobobbob.bbbbobbbb,000
ggooooboboooboooooooooooooobobooog,bboodooooag
gogooobbbbbodooooooobobbobboooo,bbboo0ooooooa
gooboboooobbtbooobobboooobbboooobboooubbbooon
gyooddoododoodoodoo. oo, OO Ood
goooooodododo,jdiddu. U000 ULoU O Q@
gooboboooobobooooo.






[1 2 [

Jooobobobbod

2.1 Fokker-Planck O OO

oObo0o0o0ooO0o0obD 30oboobUoobobobOobobobooOobDooDbOo. Oooo
1) 0000000000000 00D00O0000UODOO0 (D0OD0),2)00 2000
0000000000000000 (Doooono),3)(00)vBOOODODOOUOOOO
0000000000 (00000O0)000. 000 30000000000 3000
oooo,000o0b0db0 M,00000 J,00000¢00000,00000D000
gooobobobobooooooobbbbodoooobbbbo0o. bbbbooooo
0000000,00000000000000000 (00 ADOO).

ugobooodobboooobobouooobbooobobooobobbuoooboboOon
0000000000. 0000000000000 30000000 (M,J,®) 000
00000000000 000 fOoO00O,00 Fokker-Planck OO OO OOOOOOOO

(00 BOO).
0f N~ (p 9f
5?"ijaji(D”&g) (2.1)

000,i=1,2,30, (J,Js,J3)=(M,J,®) 000, D;; 0000000000000
00O0. M,JO0000O00C0O000O0 0000 100000000000,000
D0000D00. 00,000000000000000000 req, 00000 Rg O
00 L=r/Rg000 LOOOOOOOOOOO LOOOOOOO,00000000
1/L20000 (M,J,®) 00 (M,J,L) 0000000,L000000000000

11
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020 0000000000

oo,0000 MO JODOOOOO,b0000000DOO0O0ODOODODODOOOOD,O0
goooogooo,bod

Of 50 (Drpof / f
a—LQa—L( )-——— (2.2)

Tc Twp

L? 0L
000000000 (Schulz and Lanzerotti, 1974; Walt, 1994). 000, Dy, 0000
oooodo, .0 rpOodod, 00dododuoubodoooodoon (~1

eV)DOOO0O0ODO0O0O,0000000000000000O00O000DOODOOODOOO
goboboooobbuoooobobuoooobobooon.

000000000 MOUOOOOODODOO,000000000 fOD0 (000 5700
f) 0000000 (Schulz and Lanzerotti, 1974).

j(E,L,t) :pr(M(E),L,t) (2'3)

00000,00000000 E00OOOOOO j(E,L,t)000O.

22 00OO0O0OO0OO

00000000 Falthammar (1965) 000000000000 0. 00D0O0O0OOO
gooboboobobbobodoooooooobbobbbobodooooubL,ooooobobo
000000,000000000000000,00000 (rotE=0000)000
00 (rotE#0000)000000000000O00O0O0OOOODOOOOO.

-
E
DE, = B ;Pn(L,nu)l,:l,d (2.4)
2 /5 2R2L10
pM — T (2) IE P 2,
=T (5) “erarat) (2.5

ooo0,y00000000000O00DO00D0O0DO,yyOOOOODODODO, P00
Ooodd0dnn0O0OOOOOOODOOO,P4,0D0O000D0CO0O0OODOOODOOODO.

00, Cornwall (1968) 0000000000000 DO0OOOOODOO,D0000O
gobboodoobbuoooobbuoooobbbooobbbooobbbooobo
goboobooooooboooobooboo DELDDDD.

1 (cAE\? T
DY, = Z( B ) {TQ%T)Z}L‘3 [cm? /sec] (2.6)




23 DO0O0OO0O0O0O0O0O0O0O0O0

13

3Me 9MB\ 2
g = (224 (1
d (qLQR]%]) ( + mocz> [/sec]

000,0000 Gauss 0O0DODOO0DOO0O, T(=25x103[sec]) 0000000
0,Q 000000000000, BO000OOOOOOOD (00000000
0O B = By/L3, Bo(= 311 x 107! [Gauss]) 000), 000000, c000000.
AE([esu]) DO0ODODODOOODDOO.

gooooo DELDDDDDDDD AED0O0ODOODODOOO0O0O0O0OO. Brautigam
and Albert (2000) 0000 (Kp~1)0000 (Kp~6)000000000000
000 AF00 (DO0ODO0O 0.1mV/m, 1.4mV/m)(Lyons and Thorne, 1973; Lyons and
Schulz, 1989) 00 AF 0O KpO0ODOODOODOOO,000000000D00OO0OOO

ooooooo.
AFEga(Kp) =0.26(Kp—1)+0.1 [mV/m] (2.7)

Lanzerotti and Morgan (1973) O Lanzerotti et al.(1978) 0000000000 DO0O
Opooooo (25 00 DY, =DM 00000000, L=40 L=66000
gogoobobobobbboboogooooooboobooo D(J)WDDDD. 0O O, Brautigam
and Albert (2000) O DY, = 102Kr=tL190000, a,b 0 Lanzerotti and Morgan [
Lanzerottiet al. 00O L =4, 660000000000000000000,000
gboogooa.

DY, (Kp, L) = 10(0-°06Kp=9-325) 10 [R2 /day] (2.8)

00000 (2.6), (2.7), (28)0000.

23 00OO0OO0O0OoOoOoooooo

goooooouoooooooboooooouooooooono,oooooogd
goobooodobooooououoooouobo. oo, oo oooooonoo
goboobooboooboooooooooboboooooo,ooooouoooooa
godddodoododooooouoooooooooooooooooooooon
(Lyons et al., 1972; Thorne et al., 1973).

000000000 100HzOOOOOODOOOOOO,s50pTOOOODOOOODOO
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020 0000000000

0000000000000 (Thorne et al,, 1973). O0O000DO0OOO0OOOOOO
0000000000000 0000000000000000000 (Thorne et al.,
1973). 00, 0000000000000 kHzO0ODOOOO 520070000000
O (Abel and Thorne, 1998b). 000D 000000000000 O0OOO0OOOOOO
gooboooooooog.

00o00o0o0o0oo0oo0ooooooooo (00)wp,OOOOoooooooooao
000000000000000000000000000 (Lyons et al., 1971; 1972).

d d T sin 2
@ I DpaTsin 202 | 4 222220, (2.9)
daoyg day Twp

000, 0000000000000000, g(ap) 000000DO0OO0OO,TOOO
gooooooooooo

T (ap) =~ 1.30 — 0.56 sin 2ay (2.10)
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ProtonFlux(1.46—2.01MeV)
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ProtonFlux(2.66—3.74MeV)
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ProtonFlux(5.73—7.98MeV)
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ProtonFlux(10.57—26.44¢eV)
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ProtonFlux(39.22—78.94MeV)
: ‘

© o
o o
.
N
o

o
o

log flux [(cm*2 s str MeV)*—1]

o0
O

N

o
9
o

o

o
>
o

o

o
o
O

B

O
™
o

W
O

N
o

o O

©
O

90 180 270 560 450 540
Day of 2002

(@)
W
O

ProtonFlux(94.27—212.04MeV)

© o
o o
.
N
o

o
@)

log flux [(cm*2 s str MeV)r—1]

o

o
a1
o

N
O

o

o
>
o

o

o
o
O

i

o
N
o

W
o
o

-
o o

L
[FRETERTETE FENTRRINNI INANTET1 ARNTNTAN] ANURARTAT] FACNRTANNL IRTURRRHR] INTRNNET] SOAREREETY

©
O

90 180 270 360 450 540
Day of 2002

(&)
N
O

0419 04.13000.000,0000000 (0)0000011,(0)00000 12).



040 000000000000O000O0

AlphaFlux(6.51—11.91MeV)
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(a) Electric field fluctuation (b) Electric field fluctuation

15 B

dE [mV/m]
i
[ 3}
T T
+
I
Iy
I
Il Il
dE [mV/m]
=
T
I
I
Il

o
o
T
4
i
+
4
4
i
i
s
i
+
4
I
4
w
T
+
4
+
0
I
+
Iy
T
4
4
s
5
I

dE [mV/m]
i
= (9]
T T
N
Il Il
dE [mV/m]
i
= o
T T
+
Il Il

o
o
T
+
+
I
T
I
T
1
(=)
o
T
+

+ i

+ ++

++ o +
" + ++ ++

+ gt

0 5.1 00 248(a), 249(b), 250(c), 251(d) 000000000000 AE.

los00o0o00oboob0ob0ob0obOooDoooooooobobobOobgo,ooo
gooooobobobobbboooouoooooboboboboboo,bbbbdoooon
O00.00,052(00)00,000000000000000,000,0000000
ooobooOo,00000b0ob0ob0ob00. bobo,0000b0obOoboOoo0og Dy
O LO000000000O00DOOoO0bOoO0boOo0ooDOoooObObO. oooD,000ooo
0000000000000 000 AFO00DO0O0OD (COUDOOOD), 00000
oo oobobob. bbb, 0000000 oUOog
ggodooobboobobobotoooooooooob,ooobobboobbbougoooog
goooooobooobob,bbbbbtboooooobobobbbbbobo0ooooon
ggd.

obo0obOOoobob0 L0 100000, 00b00ob00o0obDoobDoOobooDo

000 ((6.3))0,00000000000000D0O00D0O0OO0OOUOODOOOOOO.

C=800000 (0 52(000)),000000000000O00O0OOOOOOOO
goobobuoooobbuooouobbuooooboobooa.

0530 (31)0 (5.3)(00 C=8)000000D00O0DOODOOOOOOOOOO



64 060 00000000000000

Electron 0.40—-0.91 MeV

° 5
0 107 f
3 6 @
e 10%
Py E
= : 105>
! 5
2 i 104 =
0
)
50 100 150 200 250 300 350 -

Day of Year (2002)

Electron0650keV

8 L i =
o 107
3 6 2]
E 10%2
At | 105S
‘ 3
2 ; =
: . ; : 10* w0
50 100 150 200 250 300 350 -

Day of Year (2002)

Electron0650keV

o | [
v ‘ 107 5
3 6 7]
I 10%
> 4 :
= 108
!
2 - L :
1 1 \”Nl“l”l”\“N“l“l”l“ﬂl“\hmmmum\mmuj}uu}mumnm 104 é‘ﬂ

50 100 150 200 250 300 350
Day of Year (200R)

052 00000000 2002000000000 (000)0000000000
0.2000 30000000 (3.1),(5.3),C=800000.

00000000000000000000000000@3.1)000 (0),00000
oo00o0oooOo (L=20~3)0000000000000000DO. 00O, (3.1)00
0 (0),00000000000000000O0000UD. D00O0O0,0000000
gdddddododuououooooooo,oo,ooooooooooooobobobobo
000000000000 000000000 AFDO00ODODOODDOOODODODOOO



5.1 DOO0OO0OOO0OO

65

goooboobo. ooobbobbodoodoobbbboooooobDbLbbooooo
ggooboog,goboboooobboooobbboooooboobo.

flux 0650 keV
:I.O9 T T T T
160 day =—
180 day =——
s 8 200 day =—
210° | 220 day =— -
17
7
NE 107 u 1
£
x
5
“c_n 106 L ]
o
105 1 1 1
1 2 3 4 5 6
L
flux 0650 keV
:I.O9 T T T T
160 day =——
180 day ——
s 8 200 day =—
210° - 220 day ———
17
7
NE 107 L _
2
x
=
>10° | S
k=)
105 1 1 1 1
1 2 3 4 5 6

053 (3.1)0 (5.3)0 C=80000000000000000.

ooobOo0obOobOo0 Loooobobobo0obobobOobDoobobDoobooo
ooooob0oobooboboobooboobDboobooooo.osd4bbO0OD

ggoooooooooboobbbbbbbbboooddd00ooooooooooo.

ooo0o0oooOooOooooobOOobOobobobo,0o0ooooo L=3—-4000
oo ooooboobobobobobo. bbb, 0000 ooon
gogodooooboooobobotoododdd, bbb bbbbooUOod
ggooouooooo, o000 ooog, bbb OoO



66

060 00000000000000

goobobob.ogbobbbbodooooobobbboooooobDbbboooooobo
oo, ooob, 0000 oooooobooobobobooboobooo
gb.dgobo,0ggoooboobbboodbbbooboboboooboboooooboog.

Electron650 keV

L value

o
4
log flux [/em?® s str MeV]

[
(e}
™

50 100 150 200 250 300 350
Day of Year (2002)

054 (28)0000000000D0ODO0OLOOOUODOOODODOOD.

000000000 (28)000000000000000000000000000
000,000 1/1000, (3.1), (5.3)0000000000000000,00000
00000000000000000000000000. (2.8)01/100000000
00000,00000000000000000000000000000000,0
00000000000000000000000000000O0O0O0OOOO.

0550 (3.1)0C=300000(0)0 (5.3)0C=800000(0)0000
0000000000. 000000000000000000,0000000000
0000000000000000000,00000000000000000000
0000000.000,0000000000000000000000000000
000000. 00,000000000000000000000000000000
00,000000000.00000,0000000000000000000000
000000000,000000000000000000000000000000



5.1 DOO0OO0OOO0OO

67

Electron650 keV

S s
E‘ |
o 4

2 I’

50 100 150 200 250 300 350
Day of Year (2002)
Electron650 keV

Q
2
©
s
=1

50 100 150 200 250
Day of Year (2002)

055 (2.8)01/1000,(3.1)0 C=300000 (0)0
00 (0)000000000000000000000000.

300 350

(5.3)0 C =8000

—_ —_ -
o () o

—_
[=}

—_ —_
(=] o
(=3 ~

[
(=]
5

5 [ ~2

£
log flux [/em?® s str MeV]

—_
o
[

log flux [/em?® s str MeV]






(1 6 [

L] [

ogoooa,bobobobobbbbbbbbbbbbb, 00000000 oogn
ggooooagd.

ggoboboooobobooooobooobooobobuoooobboooboobooogn
gooobobobooooo. bbb bbb bboooo-
A A A
0000000000000000000000000000000 (0 4.12),0000
gogooouooooooooobbobboobbobbbbbo,goa,bbbbboood
goobbooooboboooo.

O000000000000000000000000000000 (0 427). 00
00000 LO0000O0, Brautigam and Albert(2000) 0000000000000
0000000000 (1072~ 10°R2/Day) 0000,25<L<4000000000
DDDDDDE}DDDDDDD. 00,L<25000000000000000000

odn %D —fbobooobbo,0oubbboooobbbooobobbUuoUubnbog
T

ggoooboooooooog.

00, 0.40-091MeVO0O0O0OO0OO0OODOOOO0OOOOOOOODOUOUOUOOO (DO)OO
. oo L, 0000000 UoUOQ
oooooo,L=27L=30,L=330000000000000000000O000.
L=270000000 100000,L=30,L=3300000000000,0000
000000000000 000000000000000n (O04.28). 000,000

69



70

o60 OO

gobboooobobbooobobbooobobobboooooo.

00000000000 o0o0oo0oooooooO (Cornwall, 1968) DO O OO
0000,00000000000000000 (Brautigam and Albert, 2000) OO0,
gobbooooobuoooobobuoooobboooobbboooobbooogoboo
gooboboobbobodooooooooobobobbbobodooooubobbobooboo, o
gogododa,bbbbbb, 0o oououoouooooboooooboboboo
ooboobooboo.ooboo,b00obob0 L=1,00000 L=900,00000
gobobooooboboooobobuooooboboooooo.

0000000000 (Kp=15),0000000000 (nsw = 3.0cm™3, v,w =
400km), 00, 0000000000 O0O0O0O0O0O0ODODOO0O0O0OOO0O0 (B, =
35pT, B, =10pT) 0000000000000 O000O0O0OOODD00OOOOON
000000000000000000000. 000 Lyons and Thorne(1973) 00 O
ooooooo.

000,000000000,Kp00000000000000000000O000
0000000000000 000000000000000000000000000
0000000000000, 0000000000000000 (03.3). 00000
0000020000000 (B,=70pT, B;=20pT)00,00000000000
000000000000 (03.7). 00000,00000000000000000
ooo.

00,0000000000 (KpOO0O),0000000000000000000
00000000000, 0000000000000000000,00000000
000000000000000000000000. 00,000000000000
0 (vew = 400 km/s, ngw = 3 em™3), KpO0ODO (000000000)000000
00000000000,000000 (L~5)000000000000000,00
00000000000000000000. 00000,0000000000000
0000000000000000000000000000.

00000000000000000,000000000000000000000
00000000.000,0000000000000000000000000,00
000000000000,0000000000000000 (05.2(30),0 5.3(0)).
00000000000000000000000000000000,000,000



71

gogooboobodoooooobobobodo. bbb bbbooooo
gogooboboo,ggobooboodo,ggobboooobobbouooooobo,o00on
ggooodoodooooooooo. oo, 00000000 oooooOoon
gogobobbooooboboboooon.

ggoobbobbboooooo, bbb booooobbDbbboooogo
ggobooooobobooooboobuoo. oo, obbooobbL,bo0oLDbbUoOog
ggoboboooobobbooooboobbooobobobooooobooooobobooog
oo, U, UUUOo ™
ggobobooooooo.

000,00000000000C000000000000000O0O0O0OO0 AFDOOO
0 (05.1).0000,25<L<4000 LO0O00DO0O0O0O0O0O0OO0OOOOOODOO.

OoooobOoooobo,000ob0obooobob0 Lo10b0b000b00b0ooonDn
gbodobodobodgbao,bgdgbgobooboo.ogdb,ouboodaogaan
OO0 L0Ol10000000b0O,00b000oDObo00oobo0ooD,0b0obobo0oo0oooo
goboboooo,bobo,bggobobooobboooobbooobobooanboo
(0 5.2(0),05.3(0)). 000,0000000000000000000000000
00. 000, Brautigam and Albert(2000) 00 0000000000000 O0OOO
0o0o0o0o0ooooOo00. 000D 0o0o00oO0ooDO0oDOooOoUoOU /1000, 000
oooooo0ob0 Lo l1o0obobooooboooboooooooboooooboooDo
00000000000000000000000O00OO0 (O 5.5).

oo, gooboobbodogooooboobboooooobobobboooogn
00000, 000000000DO LOOOO,00D00DO0DO0ODO0ODODODOD
oo, o0, UUUO g
ggoooobbooobobobooooooooooooo,obbbbbboodgoooog
gogoooo.

gg,0o0ooobbobbbbbbbbb, 0000 oooOon
gogooooboboooboobooo, bbb bbbbbobooooon
gogooooag.






] [

gooooobbbbbbooo,guobooobbbobboooooan.

iU o, L, DU UDUOUODUODUOOOOOn
g, dobooooobobuoo. oo, gobboodbobbooobbbooobnbbUoon
goo.gooooboooan.

godouooooouoo,bbbbbbbbbbbobbbbb, 00000 oOoOn
oo oooooobobb. bbb, 000000000 ooOoon
gogoboboooobbbooo.ooobbbuoooo.

gooooboobobbbb,jggoogoo,bbbbbbooooooo,oboon
ggoboboooooooo. bo,0bggobobbooobobbouooobooboobooa.

ggogobooobobobodoooo, oo bbboo0oooobLbLbbbooooga
ggoooooooooo.

ugodoooooobbo,oooobobooboboobbooboodoooooooo. d
g,obobbobobobbbbbbbboodddoooooooouoa,bbbbbboboon
gooboboo.boooooboo.

ggododoo,bbbbb, oo boooboo,og,
I A A A I A
gogoooboooobooooooooboob. oo, oo obbbooooooob oo,
gooboboooobobbooouobboog.

gob,0bogbobuooobuoobobobuoobob oo ooob,obuoooon

73



74

g

Joooooooooobooooooobo, 0000 oooooooooo
O000.00,00000 ACE SWEPAM, SPIDER(Space Physics Interactive Date
Resource) 00 000000000000 OOD. 0OO0O0O0OOOOOODODOO.



0d A

Jooobbood

1.1 O0O0O0ooooooogo

111 O0OoDoOo

OO0 BOOOD»O00DODOO0ODO ¢, 00 mODODOO0ODDOOODOOO

dv

m— =q(v x B)

gob.ooobo,bboooobooooanoo

Wy = —
7 m

gogoo
V1 muv

r, = =
I |wg| q| B

(1.2)

(1.3)

000ooo0oUooooUooo (o 11). 000,v, 00000000000 OOOOO
opoodu. gooboodouoooooubob bbb bboogon

goooobb.oouooobbbbibbddddl ed

v
a = tan™! (—L)
Gl

goo,b0oboooooo.

(1.4)

75



O0A D0OOOOODOO0

Electron

@

lon

Guiding Center

011 00000000000 (00D Basic Spase Plasma Physics).

112 O0O00O0O0OO

ggooooooooobobbbbbooooddduo pbhbbbbbObOoOO

ooQo.
muv? muv? sin? o
p= ot = (1.5)
2B 2B

obooboboooboobobooboobboob,booboobboobbooobo
oboobopbOOod0obOg. obboboobuobobboobooboobobooonog
ooooO0,00000000000000O000000 B;00000 B, OOOOO
gogod,bbbibuoooooodg

sin2a2 B2

- (1.6)

sina; B

00000000. 000 a1,0000000 By,B,000000000.000000
0000000000000000000000,00000000000000000
000000000000,00000000000000000 «=90°000000
00000000000 00000. 00000000000000. 00000000
0000000000000000 (0000)00 (0 1.3).



1.1 00000000000

77

113 OO0OO

ugogoobooobooboodooo, oo obboo0oooobLDbobbboooOogan

00,000000000000000000. 0000000000 DOOO, (1.3)00,

oo ooooooboboboobob. bbb, 00000
oo bL. UL, 0000000 UUUoQ

0000000000 (0 1.2). 00000000000000,0000 vy O

M
UV:@(BXVB)

gogobooboooon.

VB lon

©  (2000000000000000000000

Electron

0 12 00000000 (000 Basic Spase Plasma Physics).

0000000 BOOOOUOO FOOOOOODODOOOOO, (1.1)O

d
md—::q(va)—i—F

ggobobooooooboob,bogdoboboo0obboo0unb vpd

1 F><B
vp=— | — X —
F wg \'m B

goobooboooon.

godobbuoooobbbooobobboo

R

Frp=mvl=2
2
I'R2

(1.7)

(1.8)

(1.10)



78

O0A D0OOOOODOO0

0000000,000000000 (D0D0O0O0D0)0000. 000000000 Fg

0(1.90 (1.8)00000

mvi R, x B

| Re x

- 1.11
YR T TRIB? (1.11)

goo.

gg,boboobbb, 00000000000 bbboobbbbbobobboooogd
00o000o0o0o0o0o0oooU0o0oD0oUDOU0O0O0 (oooDoO,0000000)
0000000000o00oooooooooo (O 1.3).

P oA
. / \[)(//\J:rajectory of \/‘)
/ trapped particle \,

Mirror point

%%v Magnetic field line
S S

013 000000000000 (000 Basic Spase Plasma Physics).

1.2 ODOOOO

ggoobobobobbodoooooobobbbboooobo,oobobbobbbooogo
ggooooooooooobobobobobobbbboboboooo,00oo,0ooood
ggoboboooobooo,0bggobboooobbbooooonoo

3= flpi+ ) d (1.12)

0000000 (00,1969). D00 ¢0000D000OOOO, p;, 00000DOOODOO,
000000000, 000000DO00DO0ODODO.



79

1.2 00000

o000 ,0000000000.

J1 = vaU—Ldgo—l—j{ q rotA - ds;
|wg| S1

| (1.13)

gogo. 0o, sy ool uoououg s o

000000. 00000 (1.5 00

I = Wpi _ 2mm pi _ 27TmM:
lg|B gl 2mB  |q]

2
TTOM (1.14)
q

gogd. gon mODDDDDDDDDDD,M:wL('y:mﬂo)DDD.MDDDDD
ggoboooadg.
oooo J,0,000000000D00O.

JQ :j{ TTL’UH d82 =J

s 0000000000 DO0ODOObODOODOODbOO, s, bO00b00ODOOD. JOOODO

(1.15)

ggoooooad.
0000 Js00O0OO0D0O0000000ooo. oooo,(1.12)ooooooood
gooooooooooooo, JsOooooooooo.

ng]{ qA-ds3s=q®
s3

000 ¢000000D0ODOOODOODODOOODOODODOODOODODOO,OOO

(1.16)

gogoboooooon.

ooobooooOobOOobO0O0 Loooboooboboboooboo. Looboboboobooog,
0000000000000000 rq0,000000000 RgOO0OO0OOOOOOO

Teq
Rg °

oooooboooo.ooog, L=

(1.16)DDDDDDDDDDDDD,DDDDDDDDD BoO LOOOO
R
o (1.17)

gooo.






00 B

Fokker-Planck O O [J

2.1 Liouvile O OO

00000000000000000000,000000000000000000
000000,0000000000000000000. 0000000000000
0,000000000000000 (2,y,2)000 (vs,v,,0,),00 t0000000
000000,00000000000 (¢1,q2,93,p1,p2,p3) 000 00000000
000. 00000000 600000000000000. 000000000000
00000,000000000% 000.00000000000000000000
ooooo

dt opi dt dq; '

(i=1,2,3,4,5,6)

00o0O000. 000000000000 00D00O00o000o0o000o0 A=
0q10p10q20p2dq3dps 000000, 000000000000 00O0
% _ d(0g16p10g26p26q36ps3)

dt dt
(d(5q1)5 d(dp1)

@ Tt T

5611) 0q20p20q30p3

*1MDD

81



82 00 B Fokker-Planck O 0O 0O
d(s d(s
+< (dfl>5p1+ (dfs 5(]3) 0q10p10G20p2 (2.2)
000,0000 (21)00
d(5¢;) M 0%H
p— pu— Z 2.
dt 5(8291) 32%‘3%6(] (23)
d(épi)_ OH - O*H A
. 5(5%‘) B 3%31%5% (24)
00000 (22)0
dA S~ [ 0*H O*H
@2 _ _ A=0 2.5
S (3p.0 ~ ap,) (25)
000,000000000 A0OO0O0.
ADD0D0D0OOOD0O0ODO0000O0O0 F(g,p,t)00000. 0000
dF OF <~ [dq;OF dp;OF
%_EJriZ(dt 5a; Tt ap)
OF OHOF OHOF
_9F 2.
ot +; (01% 0g;  Oq; 8pr> (26)
2.2 Boltzmann O OO
00000000000000 (F(g,p,t) = flg,p,t) 00000 Fgq,p,t) 0
Fl(q,p,t) = f(g,p,t) + 6F(q,p,1) (2.7)

goooboooag.

000 6F(¢g,p,t) O F(g,p,t) 00D O00O0DO0DOOO,

(6F(q,p,t))=0000.00,0000000 HOOOOOO

H(g,p,t)

= H(q,p,t)+ 6H(q,p,t)

(2.8)

(2.7), (2.8)0 (26) 0000000 00000,200000000000

of OH 0f OH of
8t+z( i 0¢; 8%8171')

=1

(x>

=1

OH (6f)  O(H) 0f
8(]2 apz api aQi

 9H O(5f)

9(6H) 8f>> 29)

ap; dq;  Oqi Op



2.3 Fokker-Planck 0 OO

gogo.boooooooboobbodoodoobbbboooUoLobbbbooooo
OO000oOo0o fOoDoOO0O0bOOOO,000 (%) gooboooon
C

Of ~~(OHOf OHOf\ [(0f
at " Z <3pz‘ dg; g, 31%) B (E)c (2.10)

i=1

0Oo0*. 00000, (21),(28) 00000000

dq; Of  Op; Of of
Z(@t dq; Ot ap) (E>
of
ot

+q-Vqf+q -Vpf= ( f) (2.11)

000.000000 Boltzmann OO OOGOOOO.

0000 p,q000000000 (J1,J5,J5) 0000000000 (p1,92,93) 00
ooooooo, (2.11) 0

of dJ of
En + E Vgof + VJf (81‘,) (2.12)

000000000. 000 (p1,92,03)00000,0000,000000,0000
000000000000O0O0oO.

2.3 Fokker-Planck O O O

godobooobobooooboooobbooooboooobboooooobogn
g, goboooooboboooobo, bbb booobnbbooob. O
000 JO0D000000 At000 AJOOODOODOOO,00000 W(J,AJ)O
goooog

Flo, T, t+ At) = /f((,o, J— AT HW(J — AT, AT)d(AJ) (2.13)

ooooOoOoOoC0. 00000 t+At0000000 tO00O0DOoOoOoOooOOO,000
00000000000 0,00000000 Markef 0ODODODO. ODDDODO

*2 000000000000 DODODd.



84

00 B Fokker-Planck O OO

000,(213) 0000000 TaylorOOOQOO

f(gO,J—AJ,t)W(J—AJ,J)

_ I(fW) 10°(fW)
= f(@, J, )W (J, AJ) Z YA AJT+; 2507, AJ AT, +
(2.15)
Doooo. W(J,AJ)0OO0OO0O
/W(J,AJ) d(AT) =1 (2.16)
ooo*. 0o
[W(J, AT)AT d(AT) = (AJ), At 2.17)
[W(J, AT)AJ. AJs d(AT) = (AJ.AJs) At '
ooo.

DDD/WAJd(AJ)D/WAJTAJSd(AJ)DDDDD At0000000000
0oooo0ooo.

AJ0Or00 AJ,000000¢00000000 AJ0D00000O0, AJ, =
Y AJjiooo.ooooo

/ WA, d(AT) =S / W AT d(AT) (2.18)

000, i0000,00000 AA0000O000O0O0O0OOO0. O0OOOO,
/WAJd(AJ)D At0000DO.

00,000 AJ,AJ, =Y AJJAJ/ 000,0000000000000000
i
0" AJIAJI (i#£5)000000000000. 0000

/ WAL AT d(AT) =) / WAJAJ? d(AJ)
,J

= / WAJLATEd(AJ) (2.19)

¥ At000000000 AJODO (AJ=000000000000000000000).
* 4, 000000000000000000 (Markoff 00O).



2.3 Fokker-Planck 0 0O 85
O00,000000:0000,00000 A¢0D00000O0O0O0O0OOOO. OOOO
0, /WAJTAJSd(AJ) 0 At00000.
(2.15)0 (2.13) 000000
Flo, T t+ At) = / Flo, J — AT OW(J — AT, AJ) d(AJ)
~ / Flo, T t)W(J AT) d(AT) (2.20a)
/ Z AJ d(AJ) (2.20b)
/ Z ; %QJf ;g AJ AT d(AT) (2.20c)
Ooo00.00010 (2.20a)D
/ Flo, JOW (T, AT) d(AT) = f(g, 1) / W(J, AJ) d(AJ)
= flo,J.t) (- (2.16)) (2.21)
020 (2.20b) O
/ ;%{Z/)AJT d(AT) = Z / (W of WAJT> d(AJ)
- (gj/WAJ dAJ> Z( " (AJ))
= 2—5 /WAJd (AJ) +f/ CATA(AT) (- (2.17))
_ g—; (AT AL+ fﬁ - /WAJd(AJ) ( ‘?—JJ _ o)
_ 2—5 AT AL + fa% (ATNAE (o (2.17)
—V, - ((AT).f)At (2.22)
ooo 300
/ Z ;?;Jf 6”; AT, AT, d(AT)

1 02f  of oW . 9*W oW af
2 5/(W6JT6JS+6J o5,V ararn T ar ol

1 & f of oW
_—;/W AJAJdAJ Z/aj 8JAJAJd(AJ)

)AJTAJS d(AJ)




86

00 B Fokker-Planck O OO

2
+lz/faWAJAJdAJ Z/aW@fAJAJd(AJ)

2 8.J,8.J. 8.J, 8J
1 o2f af
=322 5500, /WAJ AJ, d(AT) + 97, 1. /WAJTAJS d(AT)
+ = Z f / WAJAJ, d(AT) + of 9 / WAJ, AJg d(AJ)
aJ .J, ~ 0., 0J, T

:_Z(ww AJAJ)tAt) Z(aaf 8‘3 (AJAJ)At>

+= Z( 3707 AT AT At) Z (gf 8(3 (AJ.AJ, >tAt)
(- (2.17))
S aa— (AT, AT, AL f) (2.23)

000, (2.14) 0

(%) At:f(QO,J,t—FAt)_f(SD?Jat)

1 o2
==V (AT} )AL+ 5 > 51,00, (AT, AT f) At (2.24)
ooooo
8f - 1 82
(§>c ==V ((AT): f) + 3 5757, (AT AT f) (2.25)

O00. 0000 Fokker-Planck DO O O0DOO. OO, (AJ):, (AJ.AJg); O Fokker-
Planck DO O OO. OO,

D;; = %(AJ AT} (2.26)
Ly = (AJy), Z g, (ASAT;): (2.27)

0000 (225) 0
<%>c R ai- ( % (Dijg—i> (2.28)

00o0o00o000. 000 D;; 0000000, IZ 000000000, 000 (2.12)
goboobog

dp; 8f dJ; Of D) P of
Z i Z 7 a—(h:—zi:a—(]i(nfwr%:a—(]i(Dija—l])(zzg)




24 0000000 87

OO00O. 000 Fokker-Planck DO QO QO QOQd.

24 0000000

000000 «000,0000000 E,00000 Q00000000000
jo(E,2) 0000000 f(p,pi,x) 0000

jalB,@) dEdQ = f(py,p1,@)—p? dpdS (2.30)

D00000 (Schultz and Lanzerotti, 1974). 000000000 mc? = E + moc?

go
(E +moc®)? = p*c® + mjc = pﬁc2 +pic® +mict (2.31)

000, mdE=pdp00000
jo(E,x) = p*f(p), pL, ) (2.32)

ggo.






89

HRERERE

2003, 0 0000000DOOO0DOOD (DOUDO:MDS-1))ODOODOOOO,00000
gogobbh oooobbod

Abel, B. and Thorne, R. M., 1998, Electron scattering loss in Earth’s inner magneto-
sphere 1. Dominant physical processes, J. Geophys. Res., 103, 2385-2396.

Albert, J. M., 1994, Quasi-linear pitch angle diffusion coefficients: Retaining high
harmonics, J. Geophys. Res., 99, 23741-23745.

Albert, J.M., Analysis of quasi-linear diffusion coefficients, J. Geophys. Res., 104,
2429-2441, 1999

Baker, D. N., P. R. Higbie, R. D. Belian, and E. W. Hornes, Jr., Do Jovian electrons
influence the terrestrial outer radiation zone 7, Geophys. Res. Lett., 6, 531, 1979

Baker,D.N., J.B.Blake, R.W.Klebesadel, P.R.Higbie, Highly relativistic electrons in
the earth’s outer magnetosphere. I - Lifetimes and temporal history 1979-1984, JGR,
vol. 91, p. 4265-4276, April 1, 1986

Baker, D.N., Mason, G.M., Figueroa, O., Colon, G., Watzin, J., Aleman, R.M., An
overview of the solar, anomalous, and magnetospheric particle explorer (SAMPEX)

mission. IFEE Transactions on Geoscience and Remote Sensors 31, 531-541, 1993.

Baker, D. N., Blake, J. B., Callis, L. B., Cummings, J. R., Hovestadt, D., Kanekal, S.,
Klecher, B., Mewaldt, R. A. and Zwicki,R. D., 1994, Relativistic electron acceleration
and decay time scales in the inner and outer radiation belts: SAMPEX, Geophys.
Res. Lett., 21, 409-412.



90

goon

Beutier, T. and D.Boscher, A three-deminsional analysis of the electron radiation belt
by the Salambo code, Journal of Geophysical research, 100, 14853-14861, 1995

Bourdarie, S., Boscher, D., Beutier, T., Sauvaud, J.A., Blanc, M., Electron and
proton radiation belt dynamic simulations during storm periods: A new asymmetric
convection-diffusion model. J. Geophys. Res., 102, 17,541-17,552, 1997

Brautigam, D. H., and Albert, J. M., 2000, Radial diffusion analysis of outer radiation
belt electrons during the October 9, 1990, magnatic strom, J. Geophys. Res., 105,
291-309.

Chen, M.W., M.Schulz, L.R.Lyons, and D.J.Gorney, Ion radial diffusion in an elec-
trostatic impulse model for stormtime ring current formation, Geophys. Res. Lett.,

19, 621-624, 1992

Cornwall, J. M., Diffusion processes influenced by conjugate-point wave pheomena,
Radio Sci., 3, 740-744, 1968.

Desorgher, L., P. Buhler, A. Zehnder and E. O. Fluckiger, Simulation of the outer
radiation belt electron flux decrease during the March 26, 1995, magnetic storm, J.
Geophys. Res., 105, 21211-21224, 2000.

Dessler, A.J. and R.Karplus, Some effects of diamagnetic ring currents on Van Allen
radiation, J. Geophys. Res., 66 2289, 1961

Ebihara, Y. and Ejiri, M., 2000, Simulation study on fundamental propaties of storm-
time ring current, J. Geophys. Res., 105, 15843-15859.

Elkington, S. R., Hudson, M. K., and Chan, A. A., Acceleration of relativistic elec-
trons via drift resonant interactions with torroidal-mode Pc-5 ULF oscillations, Geo-
phys. Res. Lett., 26, 3273, 1999.

Elkington, S. R., Hudson, M. K., and Chan, A. A., Resonant acceleration and diffusion
of outer zone electrons in an asymmetric geomagnetic field, J. Plasma Phys., 108,
Issue A3, SMP 11-1, CitelD 1116, DOI 10.1029/2001JA009202, 2003.

Falthammar, C-G., Effects of time-dependent electric fields on geomagnetically
trapped radiation, J. Geophys. Res., 70, 2503-2516, 1965.



gooo

91

Fok, M.-C., Moore, T. E. and Spjeldvik, W. N., Rapid enhancement of radiation belt
electron fluxes due to substorm dipolarization of the geomagnetic field, J. Geophys.
Res., 106, 3873-3881, 2001.

Friedel,R. H. W., G. D. Reeves, T.Obara, Relativistic electron dynamics in the inner
magnetosphere - a review, Journal of Atmospheric and Solar-Terrestrial Physics, 64,

265-282, 2002

Freeman, J.W., The morphology of the electron distribution in the outer radiation
zone and near the magnetospheric boundary as observed by Explorer 12, J. Geophys.
Res., 69, 1691-1723, 1964

Hamlin, D. A., Karpulus, R., Vik, R. C., and Watson, K. M., Mirror and azimuthal
drift frequencies for geomagnetically trapped paticles, J. Geophys. Res., 66, 1, 1961.

Horne, R. B., Acceleration of killer electorns, Nature physics, vol.3, 590, 2007

Horne, R.B. and R.M.Thorne, Potential wave for relativistic electron scattering and

stochastic acceleration during magnetic storms, Geophys. Res. Lett., 25, 3011, 1998

g obooo bo,bgogobooboooobooboboooob,bbboooobbooog
0og, 70, 85-93, 2007.

Kim, H. and A. A. Chan, Fully adiabatic changes in storm time relativistic electron
fluxes. J. Geophys. Res., 102, 22,107-22,116, 1997

Li, X., D. N. Baker, M. Temerin, T. E. Cayton, E. G. D. Reeves, R. A. Christensen,
J. B. Blake, M. D. Looper, R. Nakamura, S. G. Kanekal, Multisatellite observations

of the outer zone electron variation during the November 3-4, 1993, magnetic storm.
J. Geophys. Res., 102, 14,123, 1997

Li, X., D. N. Baker, M. Teremin, T. E. Cayton, G. D. Reeves, R. S. Selesnick, J. B.
Blake, G. Lu, S. G. Kanekal, and H. J. Singer, Rapid enchancements of relativistic
electrons deep in the magnetosphere during the May 15, 1997, magnetic storm, J.
Geophys. Res., 104, 4467-4476, 1999

Li, X., and M. A. Temerin, The Electron Radiation Belt, Space Science Reviews, 95,
569-580, DOI1:10.1023/A:1005221108016, 2001



92

goon

Liu, W. W., G. Rostoker and D. N. Baker, Internal acceleration process of relativistic
electrons by large-amplitude ULF pulsations, J. Geophys. Res., 104, 17391-17407,
1999

Lyons, L. R., Thorne, R. M. and Kennel, C. F., Electron pitch-angle diffusion driven
by oblique whistler-mode turbulence, J. Plasma Phys., 6, 589-606, 1971.

Lyons, L. R., Thorne, R. M. and Kennel, C. F., Pitch-angle diffusion of radiation belt
electron within the plasmasphere, J. Geophys. Res., 77, 3455-3474, 1972.

Lyons, L. R. and Thorne, R. M., Equiliburium structure of radiation belt electrons,
J. Geophys. Res., 78, 2142-2149, 1973.

Lyons, L. R. and D. J. Williams, A source for the geomagnetic storm main phase ring
current, J. Geophys. Res., 85, 523-530, 1980

Lyons, L. R. and M. Schlz, Access of energetic particles to storm time ring current
through enhanced radial ”diffusion”, J. Geophys. Res., 94, 5491-5496, 1989

Mcllwain, C.E., Ring Current Effects on Trapped Particles, J. Geophys. Res., 71,
1966

Miyoshi, Y., A. Morioka, T. Obara, H. Misawa, T. Nagai, Y. Kasahara, Rebuilding
Process of the Outer Belt During November 3, 1993 Magnetic Storm, .J. Geophys.
Res., 108, 1004, 2003

Miyoshi, Y. and R. Kataoka, Ring current ions and radiation belt electrons during ge-
omagnetic storms driven by coronal mass ejections and corotating interaction regions,

Geophys. Res. Lett., 32, CitelD:1.21105, DOI:10.1029/2005GL024590, 2005

Moldwin, M. B., Downward, L., Rassoul, K., Amin, R. and Anderson, R. R., A new
model of the location of the plasmapause: CRRES results, J. Geophys. Res., 107,
do0i:10.1029/2001JA009211, 2002.

Nagai, T., “Space Weather Forecast”: Pridiction of relativistic electron intensity at
synchronous orbit, Geophys. Res. Lett., 15, 425-428, 1998

Newkirk, L. L. and M. Walt, Radial diffusion coefficient for electrons at low L values,
J. Geophys. Res., 73, 1013-1017, 1968a



gooo

93

Newkirk, L. L. and M. Walt, Radial diffusion coefficient for electrons at 1.76 j L 5, J.
Geophys. Res., 73, 7231-7236, 1968b

Obara, T., T. Nagatsuma, M. Den, Y. Miyoshi and A. Morioka, Main-phase creation
of “seed” electrons in the outer radiation belt, Farth Planet.Space, 52, 41-47, 2000

Obara, T., Y. Miyoshi, A. Morioka, Large enhancement of outer belt electrons during
magnetic storms, Farth Planets Space, 53, 1163-1170, 2001

Omura Y. and D. Summers, Dynamics of high energy electrons interacting with
whistler-mode chorus emissions in the magnetosphere, J. Geophys. Res., 111,
DOI:10.1029/2006JA011600, 2006

OO0 0ooooo oo,00oo000,0b000, 302pp, 2000.

Reeves, G. D., K. L. McAdams and R. H. W. Friedel, Acceleration and loss of
relativistic electrons during geomagnetic storms, Geophy. Res. Lett., 30, 1529,
DOI:10.1029/2002GL016513, 2003

Schulz, M. and Lanzerotti, L. J., Particle Diffusion in the Radiation belts, in Phys.
and Chem. in Space 7, Springer-Verlag, NewYork, 215pp, 1974,

K. Shiokawa, , , K. Seki, Y. Miyoshi, A. Ieda, T. Ono, M. lizima, T. Nagatsuma, T.
Obara, T. Takashima, K. Asamura, Y. Kasaba, A. Matsuoka, Y. Saito, H. Saito, M.
Hirahara, Y. Tonegawa, F. Toyama, M. Tanaka, M. Nose, Y. Kasahara, K. Yumoto,
H. Kawano, A. Yoshikawa, Y. Ebihara, A. Yukimatsu, N. Sato, S. Watanabe and the
Inner Magnetosphere Subgroup in the Society of Geomagnetism and Earth, Planetary
and Space Sciences, ERG : A small-satellite mission to investigate the dynamics of

the inner magnetosphere, Advances in Space Research, 38, 1861-1869, 2006

Summers, D. and C.Ma, A model for generating relativistic electrons in the Earth’s
inner magnetosphere based on gyroresonant wave-particle interactions. J. Geophys.
Res., 105, 2,625-2,639, 2000a

Summers, D. and C.Ma, Rapid acceleration of electrons in the magnetosphere by
fast-mode MHD waves, J. Geophys. Res., 105, 15887-15896, 2000b

Summers, D. and R.M.Thorne, F.Xiao, Relativistic theory of wave-particle resonant



94

goon

diffusion with application to electron acceleration in the magnetosphere, J. Geophys.
Res., 103, 20487, 1998

Thorne, R. M., E. J. Smith, R. K. Burton and R. E.Holzer, Plasmaspheric hiss, J.
Geophys. Res., 78, 1581, 1973

Vampola, A. L., Osborne, J. V., Johnson, B. M., CRRES magnetic electron spec-
trometer AFGL-701-5A (MEA). Journal of Spacecr. Rockets 29, 592.594, 1992.

Van Allen, J. A., G. H. Ludwing, E. C. Ray, and C. E. Mcllwain, Observations of high
intensity radiation by satellites 1958 Alpha and Gamma, Jet Propul., 28, 588-592,
1958.

Van Allen, J. A. and L. A. Frank, Radiation Around the Earth to a Radial Distance
of 107,400 km, Nature, 183, 430-434, do0i:10.1038/183430a0, 1959

Walt, M., Introduction to geomagnetically trapped radiation, Cambridge University
Press, 1994

Walt, M., Source and loss processes for radiation belt particles, in Geophysical mono-
graph 97 Radiation belts: models and standards, edited by J. F. Lemaire, D. Heynd-
erickx, D. N. Baker, AGU, 1996

Wentworth, R. C.; MacDonald, W. M., and Singer, S. F., Lifetimes for trapped ra-
diation belt particles determined by Coulomb scattering, Phys. Fluids, 2, 499-509,
1959.

Williams, D. J., J. F. Arems, and L. J. Lanzerotti, Observations at trapped electrons
at low and high altitudes, J. Geophys. Res., 73, 5673-5696, 1968

Zheng, Y., Fok, M.-C. and Khazanov, C. V., A radiation belt-ring current forecasting
model, Space Weather, 1, doi:10.1029/2003SW000007, 2003.



