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The radiation belts are the region that energetic charged particles are trapped by Earth’s
magnetic field. The radiation belts have been observed by a lot of satellites and researched
by theoretical approach since the discovery of it. The electron radiation belt is separated
into two regions called the outer belt and the inner belt by the slot region in which the
flux is very small. It is well known that the outer belt flux vary by several orders of
magnitude associated with geomagnetic disturbances (e.g., Baker et al., 1994) and the
exact mechanism of such variations has been a puzzle so that the outer belt flux variations
have been well researched to explain this in two-decade. On the other hand, the inner belt
is more stable and the flux variation in the inner belt is smaller than that of the outer belt
so that the inner belt has not been attracted much attention.

A radial diffusion model can reproduce an equilibrium structure of the electron radiation
belts (Lyons and Thorne, 1973). Radiation belt electrons are supplied from the outer
boundary of the radiation belt, and the flux is arranged by the balance of intensity of
the diffusion and the loss due to pitch-angle scattering by whistler mode waves in the
magnetosphere.

The electron flux variations of the radiation belt can be investigated by using a radial dif-
fusion model with time-dependent radial diffusion coefficients and a time-dependent outer
boundary condition. Brautigam and Albert (2000) investigated the outer belt electron
flux variation by using the time-dependent radial diffusion model. The time-dependent
radial diffusion coefficients formulated by Brautigam and Albert (2000) are customarily
used in the time-dependent radial diffusion model. They parameterised the amplitude of
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the electrostatic field variation as a linear function of Kp index, and applied them to the
electrostatic coefficient derived by Cornwall (1968). They were also formulated the electro-
magnetic coeflicient as a function of Kp index. Because these coefficients are based on the
observation of the outer belt, it is not appropriate to apply them to the slot and the inner
belt regions. In fact, extrapolating these diffusion coeflicients to the slot and the inner belt
and doing numerical simulation, the slot is not formed and the electron flux near the Earth
region is extremely large.

In this study, in order to find a radial diffusion coefficient that can apply the inner part of
the electron radiation belt as well as the outer belt, we performed some simulations by using
the time-dependent radial diffusion model assuming that several types of the amplitude
and the profile of the electrostatic field variation. The results show that the amplitude of

the electrostatic field variation depends on L and is smaller toward the Earth.

LI L & I

m%ﬁ%iﬁﬁwﬁzﬁ6bﬂtﬁi*w¥~

DI ERLFNEF ST EkCTH 5. FOMmEEIX proton (AP 8)

energy >10 MeV
Eﬁlﬂﬁbnﬁ%ﬁw%kmUL:bkoTZ \\\(ﬁ\ﬁ
NoTEY, EIZE 100 keV 20548 10 MeV D (“\10 magnEtlc equator

- J 4(xEarth Radius)
B om0 b o TN D.

Van Allen 52XV 1958 4E123 AL S CTLAR, TR
FsHRE T2 < O N THRIC L 28R Thn, energy >0.5 MeV
Himm7e 7 7 a—F L T2 07/ - FEE 0O
ERMNBNTE T,

BB IL (ZOZ R F—HIZHIRD
) $91.1-25Ry (Rp ITHEk 2 = 6,378 km)

(ZAFES D P & PRI S B £ 49 3.0 — T.0Rg

\ZAFAET D00 & MR 2 85Ik 3 i TR D :
ZHEEEZ L TWD (Fig). W LA ORI slot region

BY7 7 v/ ARBMIBLY LTEY, 2Any b
B & TR S SRR BRE BN A 5 KB Fig. 1. The proton (> 10MeV)

and the electron (> 0.5MeV)

B D ZALCRER 75 & OB BB O ZALIC flux ([CHF2 sfl]) profiles from

PRV, BT T v 7 ANZERIPINC S R IR the NASA proton radiation belt

s - . . model (AP8) (top) and the elec-

LSEBT D 2 EABR T D2 (e.g., Baker tron radiation belt model (AES)

et al., 1994), FOEEMIHREITH O CENT (bottom) (Ondou and Marubashi,
2000).

BHT, 2020 FRITHE NIt ST E 7z,
—5, WHRIISMRICHRET 7 T v 7 AOEEHMN



HUERE TR R PRI B 1T B B EE SRR AL 63

NS BREIHFIELTEY, ZTNETHEVEH SN TI R ol RIFETILE R
HIZOWTOREZS.

BT R AR O RS X B RN E T M Ko THBLT 5 2 LA TE % (Lyons and
Thorne, 1973). BUHAEEFIZTIC T T X< — M bt S, BIRIEEROM®R S LEFO
By FARELC L DERONT VAL > TET T T v I ADRKRE S ERMANPIRED.

B ERILE ORI Falthammar (1965) (2 & » THERIICBE R Sz, TS E NI ER
GHESLNE U D Z L IC Lo TEVMRIEBSEE Z 2 Z L 2o L, EEIEEL & G ELIC L 2 8)
PRAOLBARE " — 72 5 5 DD CTERYL L. F72, Cornwall (1968) I1EREAE 2 K12 —Fk
Zh o Textii S 73 7 v 2 M EIH 7R B LRI R A2 T D LIUE LT E O
BRI X 2 B AR A SR 7.

MBS COET 7 7 v 7 AREEIEBARB ORI ZA L 2 B S, BEBAaEE 77 7 >
7 AEEOET 2D Z LN TE 5. Brautigam and Albert (2000) 1 FRER % % % &
LEEBBILEE T VA VT, MREREOANE T 7 7 v 7 AEEZ OV TR, #5613
M < 314MeV/G OFEF TIEBIHEZ X< BHR DL, M > 700 MeV/G OEF TIEBERR
[ A AR5 TR S DN B E OB O AR E BT 5 2 L3 T&F, ERMEA DK
WNFIET D 2 L am2 L. ThE T, 2 < OBERAIAITIE ) & A5 O dE T o ELE IR
DFENTRBEN, ZUNEETHD EBEZX LN TE TVDLH, B2 LIRS A+40T
&% . AL TIIAME P DIR COBEBEMBIZ OV TIEBE L 2N Li2T 5.

R 2 5 58 U 72 Bh LT T 0 TR B I X - TEA S - BRI R 5 2 g = i
E<HOBND. 51T ER 2 MBEKIRIBIC B W TR SN 7 EGEILORE JITE ) &
INTFREGEIORE % Kp O— R E LTH %, Cornwall (1968) (2 & > TE N
BB ELIC X 2 ERIEEARENE Uiz, 72, BOBEELC X 28R IEEIREL L B2 D Ll
(2B 1T 2 BB ELOBLIN ) B 15 5 N - BV R IEBUR IS &, Kp O%e LTE b L7,
TS ORIV IS B 1 B B OB RSV THE LR L0 THY, Zhb
EEOFEFE ATy MEE - WHICEAT 2 OMEE TR, FEEE, Sh b OiHiR A A
ooy MEI c NEICAME L TRIEY 2 = b— 3 U&7 ) LERIGEART X, An v ME
BIIHH ST, HEREETOETF 7T v 7 ADMHEITEKICR>TLE ).

EROET LTI, 2Ar v MEBSOWNE TOBRILEIIRSGBILEL Y b L AFELELL
WZHBRBREV. T7bb, BEGEILIC L 2 BBRILBRE O P ESGEEIC L 5D X
D HREV. TR TIL, SMEDPDNEE THR—IICHE S 2 & O Tx 2 ERIEHRE
ZROT D70, MBI LB EBIEHCE 7 LV OFE 2 — R &2 AW T, BB EELO KX
E LRI DOHMNEIR DN ONETFTNVEREL, FHEE2IT-7-.

II. BRLEHETIV

T RRERL T OTEE T 3 SO E BB ZEEN L o> TR 2 2 L3 TE 5. £hid 1)
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Fig. 2. Solar wind parameters (number density [cm™3], velocity [km/s]), indices of the geomag-
netic activity (Dst index [nT], Kp index) and the electron flux (jem™?s™'str™"MeV ~']) vari-
ation in 2002.
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B LY AT K BRIF ORI T OREE ) OES) (EERER) | 2) k2 o T —K
£ v NEIORIRI IR OFES) (72 ) | 3) (ED) VB NU 7 FOBBIC k% HER
OEEAELES (KU 7 FEB) Tho. b 3 SOEBIEBICK LT 3 SOWBMAL
i, R — A 2 N M, SEOFREE J, BN @ WEH T X, BAENO BRSO L0
RN ZH 2N OEBOEE L 0 b E T HISRE SIS . BERRE RO RSB bR
Fuo

HOHRHL 7 OBV BT N O R TLIC X > THIF ORERZ R D R4S MED
BN = LTS, 20 L5 REEIEEITR T 3 SOWBRER (M, J,0) 225 L L
T AHZER DB EES BN f 28 2, WO FBRRUT L - CRbTX 3.

of _ 9 (p 9F
o 4= 0; (D”&]J‘) o

22, (b, Jo, J3)=(M, J,®) T D. M,J DIRGEICET S & EXUE & 1T 5 1 KT
DIEBTFRR L 720 | SRR RILI A R, Ya L7y 1/L2 #BAT 5 & (M, J,8) 7
(M, J, L) ~I80054 (L = v/ Ry, r: HIBKFLLA B OBEEE) T, LTk 2 ik 4 18
B Ef, ERICIE M J OBCE Y, b OWRIEICRT I L TN B DT, =
NAMAEY LT 2, BRI

o

26<DLLaf> f 7
ot oL

T2oL) T e @)

Tc Twp

L EL Z EMNTE D (Schulz and Lanzerotti, 1974). 2 Z°C, Dy IEEMRIEHARECCRETC
FELSHEAD. 70 & 1y 1ZZENEN, BB ET L 77 A<BORTZNT T X~ (~ 1eV)
LD —nu CESE, MRBEINICHIET DHA v A7 — 3 & B E T & O AEROR R
HECHEFOL Yy FAREHICE 2B FOFMTHS.

T R B T IR B NICIFAET DR A v 2 T — & O ALK TN T T X~ LD
7= BRI TE y FABELEZE LS. HElL2Z Ty FARE A a— A LD /NS
R T EFITHIERRKUCEE T U TR AN BIHEAT 5.

REPRLFAH EAEIC K DTHR D Z A DA T =)V (FFh) Typ [ TEER AR EERIC L D E
T AEELE B 2, N7 AWGEIZE > TR LTy FAIEMF R Z M Z 2k ->TH
Hi1% (Lyons et al., 1971; 1972).

d dg T sin 2a

—— | Do T sin 209 ——
dog st aodao + Twp

g=0 (3)

ZIT, ap lIMERER ETCOBETOE Y TMA, glag) ITETOE Y F A4, T 1IN0 A
JEHNC BRI D B%CT T(ap) ~ 1.30 — 0.56 sin 2ap(Halmin et al., 1961), Dy (ag, By) 134
A br gl 7 oA THBEEBR LAY AR LTy FAIKERE TH 5.

AW TliX Abel and Thorne (1998) IZESW T AB I PFICL VI D KA v A
F—WICDNTERL, 7T A~ BN TILZOMIE B, % EL LT (£ A% By = 35 [m],
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BICEDHAA v AT —ilE By = 10[my]) =0 HEE Albert (1994) & FAEIC Y = —F ¢
YIIEIC Ko TR, By FAITHURE O EIC W T, IEIERA IOV TORES & 4%
YAz ba B e ORIFZETIEn = 45 £T) BTV, & SICHERR SRR
ZHEDFIHEZAG D T DI L TR T2 4ER H 5. 16> T, TOFEITITHERIC
RERFREMMEZES S, 22T, €y FAILERRBEREITST 2 F 508+ S Wik
WA, A 7w bo IR S TORE 2% < 2 & TREAER 2 Hif9 2 (Albert, 1994).
7 —a UL D ZOWKRDZ A LA —)v (FFn) 1 1T Wentworth et al.(1959), Lyons
and Thorne (1973) LV
Te =3 x 10°E[keV]/N(L) [sec] (4)
L5255, ZZTC, EXETOZRINX— NIZTTAVEDT T A~ DOHIEET N(L) =
1000 x (4/L)* [/em3] &3 %.
RIS TR DBEIT T T R~ B RPAAO 4 & LA Moldwin et al.(2002) £ 0 Kp
DL LT
Lpp = 5.39 — 0.382Kp (5)

525, F, Tap, T IERHIC—ETHD LT 5.

BERSARINMIBEERZ L=10&¢ L, ZZCOBFMH 7T v 7 A% j(Et) =0 &35,
Flo, MR A L=9.0&L L, 7T A~ — FNOEFMD T T v 7 A53A40 jps(E, t) 75 kappa
DAETH D EWE LT TFTOXTH X5 (Fok et al., 2001; Zheng et al., 2003).

. B T(k+1) B2\ B\
Jos (B, 1) = s (t )47r(7rf£)3/21‘(m —1/2) <2m0E0( )3> (1 " “EOU) o

DI, mo BETORETRTHS. 75 Kvs— FOBTEIE nyy & W0 E—2 Edd
DBV DTRINF — Eg IZTRGREE ngyy &HE vy 275

Nps = 0.025 ngy +0.395  [/cm?] (7)
Ey = 0.0128 v, — 1.92  [keV] (8)

DX HITH- %, k=4 & L7z (Ebihara and Ejiri, 2000; Zheng et al., 2003). AWF7E T3 A
JEGHE B L #5051 X ACE SWEPAM 7 — % % Hv /-,
D (X 05 f) ~OEBIL §(E, L, t) = p* f(M(E), L, t) DB V% (Schulz
and Lanzerotti, 1974). ZAUZE D, RODHZXNVX—EDE 7T v 7 A j(E, L t) 215%.
UEXY, ag=90°(J =0) DEFIZHONWT, 872D M 2 (M =const. & LT) (2) &
<. L OFTIE Linin = 1.0 205 Liax = 9.0 £ TE L, #&THMEIX AL =0.1 & L7z, W5
fifEIX At = 1 [hour] & L7z.

II1. ENEYLAURER

BB OB L Falthammar (1965) (2 X - THERHIIC B STz, MRITREKIENIZ &R
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SHEELAA U D 2 210 Lo CRIEMANE = 5 = & 477 L, BESHERL & RHEELIC L 28
BRI A — 72 B o e S TRERAL L=, £ 77, Cornwall (1968) 13REAUE 2 ki —E
2 B P RHRES I T o & BT A7 LR LR AR 2T 5 & UE LA o
FIERIC L 5 BRIIERE DY, %k

DE, — % <C§f)2 { — (@)Q}LG [cm? /sec] (9)

Z 2 C, BARIE Gauss BARE FAWTE D, T(= 2.5 x 103 [sec)) 1ZEH OB, Qg 1378
TRV 7 NMEEE, BI3Z ONLE TOMERRS (2 2 CIXPWBRT#4 B = Bo/L?, Bo(=
3.11 x 1071 [Gauss]) ZIE), ¢ 1LE T OBEM, c 1IETH DH. AE([esu]) IXFFEILIRE O IR
ETH 5.

R b3 % DY, 25 2 572901013 AE OFRZ(\L 2% 2 50838 % . Brautigam and
Albert (2000) 135872 2 HIREACIRRE I B W Tl S M- ESEILO R E SI2E 9 L 9 IHk
BIGEILOKRE S % Kp O— KB E LTH X, EOBEREILIC X 2 BRI ER I
AL

AEpa(Kp) =0.26(Kp—1)+0.1 [mV/m] (11)

F 7z, B EGLIC X 2 BVRIEHR L 570 5 LAEIZ BT D ML OB 645 & L #hee
PEBAREIC S, Kp Ok e LTERE L.

DY (Kp, L) = 100508Kp=9329) [10 " [R2 /ay) (12)
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Fig. 3. The electron differential flux variation obtained from the simulation (650 keV) used the
Brautigam and Albert Drr. The slot region is filled with many particles from the outer belt
and the inner belt flux is also extremely large.
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IZONT 650 keV DEF 7T v 7 AEBHOBIES I 2 L—2a U EITHTLRRTH D, i
B IO 2L 28 (Fig.2) &g d 5 L Amy MEEK - NHICE T2 BRICIRA LT
WEDORDMND. ZORERO T FIRITEERILER B A v v R EIK - WHFIZB W TR
THHIZDEEBEZLND (e - JEER, 2007). £ ZC, ABFZECIIE BT X D IRk
\ZHER L, FFESEILOKRE & & Z20BMBEFMOKFEIZOWTUTOL I RETVEEZ,
BRI ET ML DT I 2L —2 g U&7 CTREELT-.

AEpp/C (13a)
AE(Kp) = ¢ AEpa/C (L < Lyp) (13b)
(AEpa/C) x L (13c¢)

T, CIEEHLETS.

IV. #5R & ER

Fig.4 ® 3 D x0T Eh (13a), (13b), (13c) TC =8 & LB AOREMETH
L. WHICBWTIE 7 7 v 7 AOMMIHMEICZ VDT 650, ZDEEORETICK
XREVTRLNRN. T, FOBPAICONTYH, Ay MBS, K& RBS RIS
LB OB Z2H N o508, Wb HEIRINTWD, LavL, Ar vy MEEKIZHE
ALTeEFDZDBOBMBAILHE DO IZWL HPOEVDB R G5,

BE TOIXE ) X 2BIIHER (Fig2) TRIAZABRAMICA T v MEBICEA LZE
TIRREICHER T ~ER L TOLBETF AR 515, (13a) & (13b) & V7= 385 R (Fig.4
(BB [ R (HED) ) TiE, 2086 HICHB W T H R E R RURIFFIZ A v MEIBIZHEA LT
EIXEDL THRAICHI L TV E, ZALL EHERFIA~ER L TOZenZ ERnbnsb. —
7, (13c) TiX, A v v MERICHEN U772 B T13% OB T IS 25 RN I BRI~k % (25
ML TCWS T RROND (Figd (FE) ). RO T BN T B~ P8 5 A
BNEWIEWDR G D03, BLIFER S FEROME M 2R,

INEY, BHTROND L) N TOBRILHATER L2277 v 7 A@K L2570
Wz DI, FEGEILORE & LI F L, ki 3 <ic o ThE < 2o T
WRHDHZENbmd. ZOZ Lk, BRIEEE S & TRESBILOKR S IBMAE S
BT T <, HIERNE EBELSR MK SN TNDH Z LA RBT 5. £z, T 2 Tkt
HZRIRAT 24T > TR, B O RIS o CEVER L BUAR BN 58 < T 9~ 2 20 2R
WL THNEET 7T v 7 AOEFHRLZOMEICHELEZ 52 LB bD

ABFFETIX DE, 135D B Al ~H303 2 $HR B OBELO A E B L, ZOEENLT &
DZBAW e BRI e E A RV KT EE LT ET A E W CRY, £/, DY
1% Falthammar O A BICRESHEELOBLIATE R4 Kp O E L THAAATE LD TH- T,
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ZOXIBRETAPBIRIZANL72ZY e b DO TH D DONITENTIER. FRIMFIZIHB N T
U4, Pe-5 ULF 8O KU 7 MMEIBIZ X 2 BRI BV IEB O K TH 5 &3 50
b H Y (Elkington et al., 1999; Elkington et al., 2003), ZAUIABFE THWZ T & A73
W OBELAUE Lo T T )V TIIRETE R WAIREMN B 5. W ITHIERIZE <, MG OE
TR Z DIZ < WeDBBIEHUEZ O X O RS HEELLABI LD b L AFRELEIIC L D
BREBRENEEZLENDN, AFIETHNZET IVORE F1Y ~0hD5fES DT
H LR HEEL, B BA ERRBBIB R L) AR R LD TH L0 E 9 NI AN LR
2 EDBEHZOBRNC L > THRIET HHENRD D.
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Fig. 4. The results of the simulations (650 keV) used C' = 8 in (13a) (top panel), (13b) (middle
panel) and (13c) (bottom panel).

B AFETHWE [DES) OF—Z 2L TS o7z, FHMUZEATER JE A
M B BT FEAER O TSR, 7 O (5 W2 BR JERSAE O/ PR Lo PR R L &
. F7o, RIS TIL ACE SWEPAM OF —# Zffibod T2 & £ L7z,
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