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2171 & F (magnetic storm)F A2 2 E(substorm) AFAAAZ FH37] Hstd] AHBAE B
77] &% (substorm expansive activity)9] YA AR L8l AAAE AA4NAM &S
A FA F¥2(proton flux)e] FE4 Y A}7 Y B (dispersionless particle injection rate)3}
Dst A|2s) F@BAAE ZASHACH 2 A7 o] 88 A7FFL 1996'd°1A4 2000377
59 F¢to] dojd AL I EF 7|7 3 DstS] HA2U Dstpin A7)0 wel dFR(-
200nT < Dstmin < —100nT), SF2(-100nT < Dstypin < —50nT), £ 7382 A7 ZF(-50nT
< Dstmin < —300T)9] 3GAZ FESFAC A2 E824+ LANLY FAAE H49A4 &
29 38 A4 F2 BAF(ring current) S FA 3= GREe dlvi A o)l 3| F3E= 50keV ol A
670keV 919 671 oA A de] ARE o] &3th 21T YARYL AA R F2 I
{22 18:00~04:00MLT FZolA #& 8 A2 whg o] &3t9ct dd Ui =7z {4
He ARG 2387 A5t FAA ZY2 B(fmaz/fave)T Z2ASALE A7AM, fore
R frmaet A2 ARGl dolvb7] A F2 At 329 F& Uehich 34E A7) ZF 7]
T EAN1~ 209 AZHE FEo R YR 7B 45+ £ NYAFE 2338}
ol ErFssehe Ao AT 23u F VA fUFL Folx S92 v YRRl
A Aoltt. et WR A7lAez FAs+ AR e A2 F337] AHA o
9 Fo2 A& £ v §YE A4 (total energy injection parameter, TEIP)E A<t
Bgth 53 HRaF0 27| EF9 e Jjodse AR S @7 Aol ANZFL F 7Y,
% Z4}(main phase)T} 3] 8 7](recovery phase) 2 t}o] ZASIGITE FA R BRA YR
E23} A7 EF 71T F Dstyin g B3 £ 23 g7 22 B4 HAHANL AA, F
A7 5 dAES 37 AR eE ANSTY 7)) vt Foe S Ui &
BR T2 Dstmin Aololle -2 432A(0.83)71 Adch 54, £ F A7 FF9 a7
7t 278 292 Hl(fmac/ fave) = BAZ 713 43S Jebdoh 282 75~113keV o]
A A DAL Dstmin &3 Y4 vl AFASE 0.7424 743 2o oA oA 2y
d 4A waF 2 ARAAE el A, 24T F F A FYE A5 Dstinin
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Arolell g A@BAZ FAR AT 53] FAFE TG F2 A oA F9(75~113
keV)el Al 718 £2(0.80) 4 ¥ AFE 710 A%, J &7 Fo dolvke 4XEY FU2
271 %F9 ALKATE AFAANE HE Holg € AVFFLFE AU FolA &5
B olHT AL MEAE B3] BF o] A/|Z¢e) I AP AT A& AAE

ABSTRACT

To examine the causal relationship between geomagnetic storm and substorm, we in-
vestigate the correlation between dispersionlzss particle injection rate of proton flux
observed from geosynchronous sétellites, which is known to be a typical indicator of
the substorm expansion activity, and Dst index during magnetic storms. We utilize
geomagnetic storms occurred during the period of 1996 ~ 2000 and categorize them
into three classes in terms of the minimum value of the Dst index (Dstmin); intense
{-200 nT < Dstmin < —100 nT), moderate (-100 nT < Dstpnin < —50 nT), and small
(=50 nT < Dstmin < —30 nT) storms. We use the proton flux of the energy range
from 50 keV to 670 keV, the major constituents of the ring current particles, observed
from the LANL geosynchronous satellites located within the local time sector from
18:00 MLT to 04:00 MLT. We also examine the flux ratio {fmaez/fave) to estimate
particle energy injection rate into the inner magnetosphere, with fove and fmaz being
the flux levels during quiet and onset levels, respectively. The total energy injection
rate into the inner magnetosphere can not be estimated from particle measurements
by one or two satellites. However, the total energy injection rate should be at least
proportional to the flux ratio and the injection frequency. Thus we propose a quan-
tity, “total energy injection parameter (TEIP)”, defined by the product of the flux
ratio and the injection frequency as an indicator of the injected energy into the inner
magnetosphere. To investigate the phase dependence of the substorm contribution
to the development of magnetic storm, we examine the correlations during the two
intervals, main and recovery phase of storm separately. Several interesting tendencies
are noted particularly during the main phase of storm. First, the average particle in-
jection frequency tends to increase with the storm size with the correlation coefficient
being 0.83. Second, the flux ratio (fmaz/fave) tends to be higher during large storms.
The correlation coefficient between Dstin and the flux ratio is generally high, for
example, 0.74 for the 75~113 keV energy channel. Third, it is also worth mention-
ing that there is a high correlation between the TEIP and Dstyin with the highest
coefficient (0.80) being recorded for the energy channel of 75~113 keV, the typical
particle energies of the ring current belt. Fourth, the particle injection during the
recovery phase tends to make the storms longer. It is particularly the case for intense
storms. These characteristics observed during the main phase of the magnetic storm

indicate that substorm expansion activity is closely associated with the development
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of mangetic storm.

Key words: Dst index, magnetic storm, dispersionless particle injection

1. 8

A A3 A NBAEH A7 ZFL B FTT 271 45 FE] Aoy o] & A
o]¢] AFFAAE FI&EE =Yo] YAt e.g Kamide et al. 1998). o}e| e A 7| ZFFH HE2F
o] FAE BHE Adole F 7MA7 Atk 2 F e AVIEF L HR2EY 37 85& 58
duizel 28 c g FAHCH: o] E(Akasofu 1968) 0] 0 T} 3t AV EFH HMEAEL 22
o2 Wieln Y47+ 27 (Bz)o] FAZ AA ¢ E-S T 0 of7|H & AV thFol & E o
v 2)2] &3F o} Aot} Gonzalez et al. 1994, McPherron 1997).

Reeves & Handerson(2001)-& A7) &5 0] A5 429 28R = A FAA=E 149
A A2+ 2 9 ENA(Energetic Neutral Atom) A1 & vl2&] 2 A3 JAFY4Y F4 283 3
ol7} gtk Mg BIF vt ok ojs A AMERE 21EL ot 2P dF A Fe] 4A
Ee #YAA A7 EFE o1t 22T

B, ME2F B37] A9 AFEQA AXNAZ AF A7)E g ZAAAY e A] YAt
Z829 4R 2LH F71E E 4 YtH(Deforest & Mcllwain 1971, Sauvaud & Winckler 1980). I
1904 B ukel o] 18 oJuo JAf el 3F2™ F717F RE AV A AdelA T4 4
ot W& BEA JA}f-9(dispersionless particle injection)o]2} H2v} MRAE 237 5ol
I 49U Aoz A A Jri(Reeves & Handerson 2001). 223 o] 3 AL A= A o]
A (premidnight) 9§ golA F3&Fh(Lopez et al. 1990).

Ahn et al.(2002)2 Dst A9 MAA(UT) e H3lE BAToe N R A F(partial
ring current)®} A/ HAE #) 7] H F(substorm wedge current)= F2 A}7]Z % 2] F4}(main phase)

717k o) G2 sth= AFA S HAFATE o] AE AV FHF] 2] MEAE {7 &Fo] WA
3HAl AAF O] A€ st =3, A7 FFY FA7T S HME2E 50 AFVE AN
ettt A E A3 _

£ Ao o]2{ 3 Ahn et al.(2002)2] AFAFE FAAT A4 2oV A YAREE o]
|3t Het Bl AQ WM AFE Rux gt 9A A7 EF /I F ARAEY V=g €
obX 7] $13td Ahn et al.(2002)8] ATFANAR 27| £ F S FA4H | E7)2 7RSI 28 2
717t F BAAAE 14904 58 FE2L A /Y A4 A7 F 52 2718 FA5= Dst A5
Atolg) ABBAAE ZAEATE 28] YAF Yol dojukE ¢ AT AVA HEE {95 +E 9
YA ZE F74317] §13to] M E2F 7} Al (onset) o] & 3AIZF T2l EH 29 FFEE fove T I,
AN ol Z EFYHA7F U7 HAE B € frnaaBh W2 W, 15 Abol8] EH2 Y(frnaz/fave) E
T34t v g TV A YA FUF A7 FF dEAtold] AFHA BAE £HI}IE AHA
YHKamide et al. 1998) W A7]A2Z §UH & VA FL2 Hojx EYA 0|9} YA 1]
A% Aotk metA B 7oA A7NEF 717 F BAFA 7193 F Ay FE F5317)
A 282 HixFYAFE HoSE= % WA FUYE A5 (total energy injection parameter,
TEIP) et M 2E HE Adstginh 2elx A7 EF 387 529 8 AHo st IR E
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I 1. 67] oV A Aol F2A YAFYE BAFe FA 22 A5 dojct x=s gAag A
829 W37t gl & (quiet level)F 7 A] £~F(onset level) S 7] LERHTH

A7) A H B M9 A AT GARY Abele) ABBAS ZASHAT
2. Xt B

2.1 UMA E-A KB

B Ao A2 E ¥4 Z2a AEE Los Alamos =g AFA(LANL)7} &8 A=A
= A8 BFE Aotk EA L85 Y= A9 S-2 1989-046, 1990-095, 1991-080, 1994-084,
LANL-97A o]t} 1994-084 YA e A5+ < 104°Eo)B 2 o] YAlo] HXst= 2] XA (Local
Time) = Al AAlol] 6417 5422 T3le] At} o] YA S L 50 keV~4 MeVel 2 oz o
& EAY 4 U= dEA I 2 74 ° SOPA(Synchronous Orbit Particle Analyzer)el+ A} z
A 71 GA ST Y ch(Belian et al. 1992). 2 SOFAE AR} AL BF EAHE 5= YA T 27
ZZ 71T FHFA 98 YAEL F2 FAACNER B dFNME FAA VA Adwne
o] &3tAtt 53 BAF YA FF N A £ 20~200 keV FE ]2 E o] F 50~75 keV, 75~113
keV, 113~170 keV, 170~250 keV, 250~400 keV, 28] 1 400~670 keV F F o)) 3 3t+= 67] oA
AdollM ERE FAA EHaDE 0] B AT
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12 ojuf BE oz AdelA FA E827 F7hste FEA dARYL Rz HF 5
e HAASA G B oM e AV EFH FFBAE A A% A7 EF 712 Fel T
A FEAL AARYTE Z2ABAY. BEE FEA AR ol BIEA] A7) F-Fo] UER o]o]x]
A %& 7= ok

Liou et al.(2001)2 FE4F JA-{ YL thA = 20:00~01:00MLTHA Lojr}ir 22:00MLT ol A
Hoizk& Uehdtt At X Friedel et al.(1996)0] 2l5td AR YL AH S FACZ YA
£5A1ZE Abolo] dojubn AU ok 83% 7t 18:00~04:00MLT F7¢ol A A sit) whelxy B &
TFoAAE o] A BFE FEAL AU ARE ol 83Ut a8l F2A Y Dst 259
3 2 H(Dst min) 3 FH 2 B|(fnaz /fave) 2 4B BAE 7 =570 94 5 BESAE77HF F
3t 1994-084 949 A8 & o] &FHrh

3+E, Kamide & Mcllwain(1974)-& ATS 5 i 47} AE A48 o]83lo] MEAED YAGYA
olof AU A (one-to-one correspondence)”7} US-& vt th E ¥, Borovsky et al.(1993) HAl
1982~1983'd Ate] FAAE A4 NAM YAF U Aoz dojA g8 Fke HRAE INE
°] Kamide(1982)7} AL A& o] &3] dojd ARAESY £9 Hi3S &t & A7
A= 2000 & Fotel HAET AVEFY 7 F AAAE AN AEH JdAREH HE
259 ddid BAE 2 A BY 10439 AL FY ol s 98319 MR AF o) A= o 95.2%¢F
t F2 237 Ugith 34, 32 oA AAH = B 5% oY $Ae BHEovr BEA YR
4 AR E A3 o2 AIBHE vk A8 51 1998 10€ 392 A7|EF2 F¢ 3EH
+ 04:00UTo] AJZE o] 109 4 21:00UTol Bt} o] 717 3 AY o) Ix3 A4S0 &2
7Hs 8 A1 el 7F Zh 2} 1991-080 91 A2 18:00~04:00UT, LANL-97A $] 43S 13:00~23:00UT, 28 1
1994-084 942 11:00~21:00UT ) o} whebA 04:00~11:00UT Abole] 7AIZF A= AL 4 glo
B2 o]l uf YoitE Ao 2 A iEE FEA JAFYL AL A5 E Fudo FASAT =8 7
S A A5H ez e dARYE 3¢ 44E 8357] ojzfe d= 949 AR EY~
A8 9t AL A48 A 23ttt 2 23 2 g3 o848 FEA AFY A4 T4 B
7)ol A Z+z} 96 R 903} 7} Bl gic).

2.2 Dst X|5= AtE

A71&F 717t 5 Dst A5 A3 Dstmin ©l8F F2)3t2 0] 8 F 7] wlel o 57 2(-200nT
< Dstmin < —100nT), 72 (-1000T < Dstpmin < —500T), 2 F2(-500T < Dstmin < ~300T)
9] 3PA R 18 tHTsurutani & Gonzalez 1997). 12| F-& 5% (noise level)2] 7|A =& 2
£3}517] 913t |Dst|e] gke] 30nT Bt} 2 27| £FL B A7 TFA 7R Erh o132 A 3
A1 1996 d 9l A1 2000 71A] 537kl A A LT 1049 BFE, 21709 78, 281 879 &%
B ANET T F 390 A/NZFE 2A A B3] B dFME A7 E 50 dde] HRAE
of Zlddsts kg Yot 7] 95t 27| EFE FAH B F /0o g FEE S ZTEA YR
A4 ZFBA/AE T7 2AFATE 71, FA ol @ Dst A47F -15nTR T} Folx] 7] A &ste] H
2o o2& VIS, 283 B @ FH Aol MEE Dst A7 thA] -15nT7HA] 3 E5 &= 7)7h
o2 433t
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29 3. (a) 340l AYHE 5 A7 BEe] FRo| B AAHY VLo AV)EF PANE BE. o 7]4,
P22 §YU4E, 222 54 B2 AV BEY WHEEL UehdT. (b) AV B¢

FESH AR AT ABIA. 1 4BASE vehdch

& 4= 9tk 3t 29 2bol A <F 08:00UT7HA = FAAR B8 29 W37t AL QAT O 9%
17:00UT7}A] & £ 3 33 3 11:30, 16:00, 17:00UT Aol FEA YaH-F9 o] F&H QUth Dst A 5(2
2 2c)& 04:00UTHE AA3] 438t 17:00UTIA -98nTE 43S 7ISqch 283 AL A
(¥ 2d)= AN FE FAFUL 103 oA -1000nTE 7| SR HA3e -1712nTo| Yt} 2
gy 2 Bolole AR Aol A9 e AL A4 gk G4 2 d3kE Ve gtk

ANEZ 717 5 47 3 B AFLY NGE Gotr 7] f3te] FEA AR
A& AT & 9, 19979 89 390l Yold Dst H A FQ Dstmin©l 49T QA AFE 2}
712F0] AL =AY YAFY A4= 13921 19999 1€ 13Y -112nT2) WFE A7 2F
o] F¢ 339 FEA dARAe] 71 EHIAT. o3¢ o g AN U FEA YARFY A
T2 A7 EF TR TS AR BAE AR 21 3a0] YER AT A7A, A7ZF Y
Roj uet dutAo R Mguizr 2o g 7|EF TN E W2 g ZEA & &
9 2139 gAFYel FEE A2 BEE AR AVNEF 62.5%8 ATk AL 2
ok U A 37.5%2 B 239 AR ol BEH U v AU 2F ] 2 AALE {4
A= Aa F7Hte A%S Jehdoh g2 A71FF ol 57 934 2ok B 4ARYel 2
23t A& gudct YAFY A5t AFE, SHE, TR A7E2F] 3¢ BFHLE 14,
2.2, 222 4.08 2 7I1E5 A 471 F AT Y H59 Dstnin Abololl = vl d 2 AU
A(0.83)8 RodF 3 k(2 3b).
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29 4. (a) 387 %c& AAZEFY PR HE YA R4S AFF WANE BE. dAJM, L
FUNTE, 19T FHE BEAANY ANFES AEEE UBAD. (b) ARA B ANFEY 72
DEEDEE %3&3&741. re FBALE e,

F4AAY A oot hAANE BB FIA Yolrhs FEL AR Y A9} Dstynin Aol
ABBAE 2L A7) BF FRol BE B FARSE T4 A2 W2 B = 06,
17, 221 4981 2 Uebideh AR 24e] 37 A4AZe] 10947010 38719 B AA
e 50.3NEe R Fapel WS Fel a6 27] MRl BE YRS
vl 7 lek(Abn et al. 2002). TAN £72, FFE, UFL AAFEA 4 104207 BT YA
#9 848 FHgon, 1 2% F4Y W 22 13,20, D 378 e
03, 2 13 FE2 ebgch 3, AL A7 SF 39 SANL Sl FYHE B Y4
B4E 749 39 R0 o 37 BThe A 9T oA BeY, SAR ADBES HE
A8k 24N YAfdol 8 AE BABTHE e s o AL FANAY YY) A
AEEY B2 DPY BAT QS AT B, 9B A T daclA He] T+ AA
¥ 27E ABEA AL RARST AAG 27
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nllo

r°" mlo

B9 oW FRA 2 A7 BEY For
Sed 22e) $YR4T NISHAT 217 dbol A RAFE vie} ol ABASE 072010 4
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B9, 243 3 27) £ YA B9} Dstonin Abol) DAL ZAS 2 23} 2D} 2L
478 Aok

Dstmin (nT) = -22.8 x (34712 # YRS - 23.6 (1)
Dstomin(nT) = -10.3 x (327 $42%) - 56.1 (2)



RELATIONSHIP BETWEEN PARTICLE INJECTION RATE AND DST INDEX 117

30 T T3 TSy ™o T LhdaAvisd T TR

50-75keV 75 113keV 11:5 170keV 170-250keV 250-400keV 400-670keY
[ ]
80 400
150
[ ]
20
60 300

40 200

flux ratio(fum/To.)

=

20 100

r=0.64

¢ -100-200 0 -100-200 O ~100-200 O -—-100-200 O -100-200 O ~—100 -200 -300
Dst,u(nT)
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A1) 229 718718 A5 EE FY357 Zastd et FAA L YAFS 3 E )Y
BFET 28 o)A Dstmin| F7H0 714 ke AE & 4 Utk F, A7 FF o) HEAE
F71 5ol F2EE AAEE ol RE BHAR R ARAE H7] AF HAo] FAAA ww
3tth= Ahn et al.(2002)2) A9} 2 BgHATE

=X

3.2 FHOM L] Dstyint B 0llLHX| RRAZFI2| A

Nakamura et al.(1998)-2 SAMPEX 9142 AA EH& ARE o] &3t AW ZHA/HA =
AR MR EY29 w7l A7 EFY FEo F(+) AFBAT UL Hch o AL =7
ZF AN 2929 77 UR A7Be g fFYolviAY S7ke A A YL o0 g
wetA HBEAF 837 85 o] A7EF G dle] vk 714 Sof U 2r)dez § %IEI
E AR E 337 A IR EFL ¥ (fmac/ fave) B ZAFSETE 28 10]4] BoF
of FEAF AR ol doju}7] oj A EF A £F(quiet level; fope)dt 0T SHA ’“é(onset
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B RS AR 255 FH2 Y(frac/ fave) DA AAE A2 ZAH AT F 50~75
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37) 8 ¥ & 4)¢ 92 ohJ AW (Kamideet al. 1998) A7 ZF2] B2 HolE S U(fmaz/ fave)
9 AR YZS AT Aoz 4" 4, AV ERF 710 F FANAY AL AT Dst A
42 HAZ(Dstmin) 4] AJBAE A £ 23 BF 051012 A@3ATE 7153ch =3,
1 a0 A AF B kel Zo] dlF R A7 EF0] 7] YA o B2 JARYS 2B #r} o]
= UFR A EF] A4S AN EF) IV E BASFE AL AR FY9 AKAL L b2 /
YT BFE7} 2235t A ¢He Yokoyama & Kamide(1997)2] A9} tiA 2 QX 3} whebA 2}
71ZFo) dojd ), BAFE FUHE F AR ¥ A7) A3t YL HxFIRTE A
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o} &, oY oz 92 A0 S Y29 ¥(fmae/fove) S VAT AT A0l 272 A
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3% 62 FAVNT FL 670 A Ao F AR {E AF S Dstmin ] BAS
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