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Development of a radial diffusion model for Earth’s radiation belts
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The radiation belts are the region that energetic charged particles are trapped by Earth’s
magnetic field. It is well known that the energetic particles flux are varied during
geomagnetic disturbances. Many researchers have studied about the flux variation of
radiation belt, but the mechanism of the variation has not been understood in detail.

A radial diffusion model can reproduce a basic structure of the radiation belts. Radiation
belt particles 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.
An intensity and a distribution of the electrostatic field and the whistler waves which
determine the magnitude of the diffusion and the loss of radiation belt particles are uncertain.

Cornwall (1968) derived the radial diffusion coeffcient due to substorm convection
electrostatic field. Brautigam and Albert (2000) derived the root mean square of electrostatic
field which is a linear function of K} index from observations. Lyons et al. (1972) calculated
the pitch-angle diffusion within the plasmasphere and the lifetime of the particles.

Solving the radial diffusion equations using these functions, the slot region is not formed
and the flux near the Earth region is too large. Diffusion coeffcient is reduced by 1/100 at L <
Lyp, the slot is formed and too much flux injection from outer belt is suppressed. The change
of radial diffusion coeffcient at the plasmapause location may affect the structure of radiation
belts.
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B, KEGIEENLE O KB EGE B D25 Lo e e & ORRIBREE D ZALIZ PN Z DRI+ 7 T v 7
ZINZEERC BB IR LS BB T2 Z L3 5T 5 (Baker et al., 1994).

BB 112 & 0 AR S B ORI 1T, RERUR 7R & OBEKIBIBRBE O ZE kIt L T2 e L CHf
ELTRY, TOMBEITE L %1.1-4.0 Re Re 1 THERFE= 6378 km) THD. S THOT7 T
JADOEHIRONDINFLERTOENTHEY Aoy, BriEeiEEsE LT, 7
N INFETORBIZE > TELLEB T THDLIEBSZLNTVND.

%%W%%ﬁ%ﬁi:o@ﬁﬁiﬂici/\ﬁ‘ﬂfb‘5 j;s proton (AP 8)
energy >10 MeV

£ %£1.1-2.56 Re I[ZTFAET DA & B 5 £3.0-7.0 \\\ -
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HQALS (MiYOShi and Kataoka, 2005). Fig. 1. The proton (> 10MeV) and the electron
RIS AZEE LT, FERICR & ARk (>05MeV) flux (fem 2 s 1) profiles from
. . the NASA proton radiation belt model
J= g - LB o KAEH e
DR LTBEIT, ARy MRS E D T (AP8) (top) and the electron radiation
~EFBRAT 2R DB S T 5 (Fig.2). belt model (AE8) (bottom). (Ondo and
BT HAHRAAEZ OSMUSER AT L O < Marubashi, 2000
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VEFOTXNVF—ITHINT 5. £, BRUBINICHEET 2584 v AT —lk L OHMAEEHRSTF
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Thorne, 1973).
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Fig. 2. Top panel shows the number density ([cm 3]) of the solar wind. Second panel shows the solar wind
speed ([km/s]). Third panel shows the Dst index ([nT]). Forth panel shows Kp index. And the bottom

panel shows the differential flux variation in 2002 of electron which energy range from 0.40 to 0.91

MeV which observed by “TSUBASA” satellite.
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BT T vy AOHEANZEA LT, HfliZeradial diffusion (28 29805 O A TIHFHA TE 72
WS SR I TEY (e.g. Brautigam and Albert, 2000; Miyoshi et al., 2003), s ik
BRI A AR L > TESMA S LD L )5 BER(HNE) bE 2 ohTns.

LR U7z & 9 ICEB A BB AN DS RERIE SR DI K » TIF T LS BT 58,2 D
AT =R BDFEAMZ DN TITZE  OFFRER L IR TV DI H ML L FREHSICITEME ST
RN, KBTI, B BREICE LT, 1 &t Fokker-Planck 5 #2 = % V7= radial
diffusion EF7 /L EHBHE L, EE/R/ T A X PHEHREEEROBESCEMICED LS ICHESTDHO
AT,

II. Radial diffusion €T /L

H R DIEHER ST SRR N O BRGSO ELIVC X » TR+ OWBAREES N D Z & T
2D, ZOX D RIEBERS & PRI ) 5 — > OH AR FEL, R OWERE (M, J,0)
o L?”:{M*ﬁ/ﬁlﬁ@%};ﬁj\?ﬁ%ﬁf IZ%F 9 A Fokker-Planck ezt Z & Thb.
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S _po(Budy_ f__L ©)
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wp
&EHL Z LA TE H(Schulz and Lanzerotti, 1974). 22T, 7, & 7, 3TN Th, HEHREE
T LT TRABORIZNT T Xv (~1eV) LDV —nr UHE, R IV\? HFETHHRA v AT —
WL AR ET & OMBEEROBRELZBTOE Yy FARILICL2EBETOHEMTH Y, M
IFRITERD.

Cornwall(1968,1972) (Thi T DILEN Y 7 A b — LI X DM FBHOEFLICL > TAEL D &R
L, ZHUC X Dradial diffusion 7% D}, Z#LLTFO L 5 I2#EuT-,

1/cE,,. T (3)
DEL 4( B ) o L° [cmz/sec]
)
M 2MB
Qd:( o 02)(l+mC ) [/sec] (4)
qL" Ry 0
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DHIERBES(Z = CIIBMABES5 2 L B =B,/ *, B,(=3.11x10" [Gauss|) TH %), ¢ 1ZHEF
OEM, m XETOFILER, cIXHTHD. E  ILELES) ORI Droot-mean-square T
Brautigam and Albert (2000) £ ¥ Kp O— kB E L TRO L HICEH 2 7.

E. (Kp)=0.26(Kp—1)+0.1 [mV/m] (5)

R BT IIMKENICHEET 54 v AT = L OMAEERASCHTZWT I A0 s —n
VRIS Ty FARELEZA LS. WELAZ Ty FARR A a— ALV /S ko E
FITHIER RIS T U O RE N BIERT D, 72— v ERICL D ZDERO Y A KA —)v
(G5fn) 1ZWentworth et al.(1959), Lyons and Thorne(1973) LV UTFDO LI IZBH A TN D,

7, =3x10°E[keV]/N(L) [sec] (6)
T, E BB FOZIAX—, N 37 T7XBOBILNT I X~OBEETNUL) =
1000x (4/L) [fem’] ¥ 5.
7T A= R — XOALE IEMoldwin et al. (2002) LV Kp OB E LT
L, =539-0.382Kp (7)
LhHZ7.
T BRI AEERICL D8y FTABEZE X, ROFEXZMS ZLIZL->THRLAS.

d
da,

0 (8)

T

{Dstin%:O dg }+—Ts1n2a0 g=
wp

ao
TOFBERIEAT L AEIZES T EH LYy FAIEEFEXTH 5. (Lyons et al,
1971,1972). ZZ T, a, IMKKER ETOBTOY Y T, gla,) EE Y FAOSIBEK,
T 3T 2AFAMICEEZET 2% C T(e,)==130-0.56sin2¢, (Halmin et al., 1961),
D, (ay,B,) FHA 27 b diigl T o X UBEBE LT ALY L vy F AR
THDHAPETIIE AZONWTOABEL, 7 AENTIXIZOME B, 2T LTID
SR %z Albert (1994) L RIKEICY 2 —F « v VI L » TR =,

vy FAIHREOFEIZB W TR, BEERAICOWTORIZE T A 7 v b e ik
n(RBFETIE R =25 F£T) ATV, & OISR 0/ 7 o ZHE O S AE 215 5 72
IR L TR T 5 MR 5. fiE> T, TOFRICIIFFICRE REERFMEZES 5. 22
T, Vv FAIEBREEERICRT 2T 508+ b SWIEmEERA, A 7 b gk EET
DFFEE < & CRHEAR M Z #0075 (Albert, 1994). E7z, AWFETIE 7, 1TRFHAIC—E
ThoHETD.

a, =90°(J =0) DEFITONT, Bpd M #IZ(M=const. & LC)(2) &HRAENECRAREE)
CE o TRNZ, L OTIXL, =10 5L, =90 £T&L, KBTI AL=01 &L
7-. BRI At =1 [hour] & L7

BERRMINMESR(L=1.0 ) TOEFME 7T v 7 A% j(E,)=0 & L. £z, IMUSER
(L=9.0) TiE, 77X~y — bOBEBFMD T 7 v 7 2534 j (E,t) Hkappa 734 T 5 &K
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EL, UTFOXTE 27 (Fok et al, 2001; Zheng et al., 2003)

I'(x+1) ( )1/2(
4 (zi)’*T(x - Umz%Em KE, (1)

IIT, TR NOBTEEn, L E, [ IKBEEE, EHEvV, 2D

Jn(ED) =, (0 E yer (@

n, =0.025n,, +0.395 [/cm’] (10)

E,=0.0128v,, —1.92 [keV] (11)

D& 55 %, k=4 & L7-(Ebihara and Ejiri, 2000; Zheng et al., 2003). AHFSE T A M AIE
JE & B EIZACE SWEPAM 05 — & & H Uz,

f s j(ERT j WS f ) ~OEHIT J(E,Lt)=p f(M(E),Lt) OBBRREHWS
(Schulz and Lanzerotti, 1974). ZNIZ XV, RKODLZRVFX—E OB1 77 v 7 A j(E,Lt)
EHRHZLINTES.

I #REFEH

Fig.3 1%, 2002 ED1 EMIZHOWT500keV OEFT7 T v 7 ADEBOHEY I 2L —a v

EATSTRERTH D, R [D1X3) I 28N (Fig.2) LHigd 2 & 2wy MEK - AR
PIBENZFHRAL TWDONbND. ZORNEFED -0, A5 TH /zradial diffusion®7 /L
DENRTAEDEBIZLONWTERT S, ZOETNVTILETST T T v 7 AOEEBIEHEG T H /37 R

FIIAMIBER 7 T v o X, 75 X~ERNOMEKOME, D), Thbb. 2T, £THUBER T 5
v I ADKBEEZD.

Figd 13AMUBER 75 v 7 2 EELTHAD Y I aLb—a U iERTHD. L>5 OIEDE
IR ONRL RoTeN, ZAvy ME - WE~OTAITFIg3 LIZEAEEDLRWT L2V

D. ZHUISMABER 7 F v 7 AOBGITSNEOEBC R E BT LM, Awy M - WHFOZE
BOTERTIERVI EE2RL TS,

RIZ, 77 AN TOHERDOHRIZONTHE XS, Figs 1T ADMS & B =100[my] & L7
BEDYIal—valiERTHD. ZOX I AEMIERIHED = E LTHAE NS A r v b
IR A R LN~ BEORAZED Z LIXTE RN EAbnd. 2, WHFT500 keV
IR 2EFIEA T Yy MEESCZE OSMUTIE= R L F—MEL, 2L, Any MEkTHED &
AEDOHEEADPEZ RN THD EEILNS.

BRI EORREE 2 D &, Any MEK LV L HERRITIZ D), PMEKICAEDL STV
AR RS D. £ 2T, L < 50 IZBWVWTD), 121 JO/ASWERC 20/ hES L LTHEAEZIT
>72.Fig6 1, C=01 L LIZHAOTVIab—rva UERERLTWD., Ae v MEIK - NHE~
OBF e FTATINZ D, LEHBIICEVNET Y 7 v 7 AOBOFETE2RDZENTE .
@) THZED], BBRTHLZELEEEWRTS.
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LinL, SMEDOE— 7 (LE(L ~ 5) ZBIHIE RI~D LEF7 T v 7 AOHBOHEO i R iE
DHILSN TN ERDN5.

IIT, KDEIICTFAR=AL, ORRUTD,, NS 2DEICKROESIZLTEE
AT 1T T A R=ZAONMEIX(T) TR LIZE D ICKp, T7b b T 2).

'1E {DLEL (L > Lpp)

= (12)
LL
CD;, (L<L,)

(C 1 L/hESVER)

Fig.7 13C=0.01 £ LEZHADOY I a2l —va VERTH S, ZOHEL, Aoy MEW - N
~OBRRTEAZINZ SN TWS, B, A — I NETOEF T T v 7 AOBEOHED IR
EDNBIND Z ENATENS.

(3 »5() THLNSD D), X radial diffusion TF /L TIE L L5 radial diffusion 1%
BThHHN, ZHEAR Y MEK - WHIZBWGRRTH S Z Elbhroiz. 20 LI, (5) A%
KEEHFER L T 2 N —AREOBRN S/ LN E, OMBARMEICE ) X9 ICKp O—kE
BLLTHEXZbOTHY, £, MRERETHETHDL &) BMRENBRICH S 220
ZEN—ODERTH S, AR TITHERICE W T DY, /8 &< 4% 2 & THIEMBLIIICE
W7 Ty ABOREEE BT 5 2 LN TE .

F7e, 7T AR —=XONMTD;, 2/ T 5L THERLEZTDY T v 7 ADED
REEDBUITH LN b DL 78D 2 D, BT OMEICT 7 X~ R—X{L@ETo Dy,
DEACINFEBEE 5 2 T D ATRENE 2 R 5.

Fx OET VT, BRRICE > TN E BV BRICIEA L T DA XU hhd D 2 &M
BOTIMUANRIDSTT 7 v 7 AR L TO LT DNHERINRNZ L2 E D, radial diffusion %
T AN=ALRT T v 7 ARG DN (20 TO XD FELWHENLETH S,

B AETHWE (D3 &) OoF =2 28 L T E S o7, T2 R SRR & 5
FRIFZEAT O TR RS, 15 BE SR ZERH RS O /N PR e A IR R L £
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Fig. 3. The electron differential flux variation obtained from the simulation (500keV). Many particles

compared with the observation come into the slot region and the inner belt from the outer belt.
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