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Abstract

It has been believed that the substorms is a manifestation of extraordinary plasma processes in
the magnetosphere such as instability, anomalous resistivity and reconnection. In this paper, we
show that this belief is a misleading concept and that substorm must be understood as the
development and transition of the convection system. Major observed signatures of the substorm
have all become reproducible by the recent magnetosphere-ionosphere (M-I) coupling simulation.
In the ionosphere, these reproductions include enlargement of the oval and quiet arc during the
growth phase, the onset that strat from the equatorial edge of the oval together with Pi2 and positive
bay, and the westward traveling surge (WTS). Also in the magnetosphere, the plasma sheet
thinnning, earthward propagating dipolarization, the dipolarization, and the D-deflection are
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reproduced successively. In order to understand the substorm as the change in convection system,
we first study from these numerical solutions the energy conversion driving the convection and
field-aligned current (FAC), namely the formation process of the dynamo. The dynamos for the
region 1 and region 2 FACs are formed in the cusp-mantle region and inside the plasma sheet
respectively, and are driven by expanding slow mode. These structures are unchanged even in the
substom case. The substorm onset is attributed to the phase space transition in the convection
system, caused by the change in force balance in the plasma sheet. This process results in the
formation of high pressure region in the inner magnetosphere and accompanying rapid increase in
the region 2 FAC to cause the onset. Then we clarify how the various substorm signatures in the
magnetosphere and the ionosphere are related with the corresponding developments in the
convection system.
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5. IR DL T —

ZIVETITIR AR XIT, RIGEOER) =L — TR —ay 7 TR TEINIERI N, -
— IR R — ”T@éﬂ AT TS SOIZE NS AL, SN S35 A
TEEHEL , 2SI THERSIVD FAC 23 EERERE it (Weimer 1995; Heppner and Maynard,
1987; Rouhoniemi and Greenwald, 1996) ZBREIL . PN 52T 5, 72721, BEKE OER) I
MiE—RZE LoD T, AT EREE IR SN DT TR, Bk O R H 2 B AR
(2B 2 D8, MG IR GEIIN TR 2 IZBEIL, —JH L Tt R > RO ID,
TEHERE CIIMENZIRNGHIEERR) THY | BT, —HF 77 X~<3, B TR D E Rk L
—FEIZIIAEAL, I TEORIG S M S, 2 TR — B L TIRIZ RS0 TR, 2o
Wl &7 7 X~ D— RLUTC TR OE WA BR S D11, B AT A % 2 DB D, XTI
S-M FEIk COMRFN 27 T A<Dtk E, TN AT CTHLNEEG THINDO X LT=H D
ThbH, KR TCILMAULE R TmEE ChHN (X7 TrE Bx 13TV, 7 I X< 23 & IZHW
IAFEI, T RN —RIZIRVA I LT 1R, A TIRICE D D@, ZHUZIX 14 T
i~ 7 RN — X COEHEGICHKHET D, BHAA—JHL TR - TLDALOHEr T2 O,
Wi DR ) D3~ T27"F X< 1L squeeze (Haerendel, 2011) I\ ZHITHEL, WATITEFES
N5, ZOmaFEIT slow mode DIEE) THY | 1255 VAT A3 H B4~ 5(Nakamizo and Iijima, 2003),
PRIV B I (AT D e X AT B BB T HREJR D F T 50, RIZe—7ITAD
EFES AT EAELO®), 77 X< 0 FiiciiiEnsg, Zof X expanding slow
mode THY, WG PATIROFE B E IR B OIS MR 35, B4 AT O 38 B Tk

LT IR DREECHHY, TIAEFHE TR —T ZREICL, AT er—T HICEITHE T
FEIMHELR S AL, JE N o CHRENS I A TE T Y784 4’)‘%%7 k?‘éo FEREL T, BIGTZ T
TCAZRD LRI MN FEBLIIND , ET MG BEE OISR N IR ORI A HEFFL | & & 72
B RN — DR AT, 5SS OR BN DEIIL, ¥ AT EEI ThHDH, ¥ AT EE
X~ 7 XA —XZih-> T, 737\70“—’\7‘/1\/1/%5275:%E(-Y J7TAN) LT, Tiﬁﬁ \SlinelAYs
EZAT, regionl FAC IZHERESILD, Z2I2iZn—T L7 IR~ — b OB FUZIR T T — 060 |
ZDOTV T —|ZE > Tslow mode 267 /v T = E—R~DFE—R w?ﬁ@ﬂt\_o“@/ VHELRBLTE
%, _@J;o %~k DEBUIHE LM CIERAEL, ZIICE>TRBDT VT = & A FE

BT 5, & I E N ESIATN VD IERARE TH- T, — RN 7 XA~
DF—R fﬂﬁ&k i%&;‘%f;oﬁ, CENVETHD,
PLEDIH7e, RN B O RS 725 i A B 2 DI E, AT DR sk I fEER T

L FAC 1Z3 7 —DIFIEL— R THD, LOIBIENEBLI 2T U2 B2, /7~@i@.§i}g—@
%ﬁflkwﬁﬁf‘%n T (FEA 0 BlE) 2 BT 5, 76> C MHD TILEMIFFHELLRNEZ 2D
ITRRD TH D, D — IR EZ B 2 THLHE XHIFEER ThHD T, KGR E N HY
iﬁﬁﬁﬁ%L(nm)?Ppé PS> THFE DB DE TN, IR T —DRELESINAILT ThD, L
TZDOYT—LFACIT— K TH D, BT :tu~7@}iitﬁ’7ﬁﬁ’a°mé: T IR — RO K
XD RNCE TN DI RO T —NFET 5D, 22U region FAC WFETET A0, Z<H
RTHD, FTA~ T — D& iéf?) BB D HE I SEIRE DRI U T — &R T %, Zhud
region2FAC TH 5, H6IZITER /T BREBILD )T AT, 2OV T —b A Tdh b, IXB EJES1D
D ST A3, LLEIBIL TS Vasyliunas O Bz Z i 72 L TV 5 (Vasyliunas, 1970), 7 —
DIFTEX, FHEF AW T 720D ML R ZEN KRS,
RO —EH7AEFREL T, SHRIIEA AT LS T —BRA R ThHDHES 25, EHEE D
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FAC 1337 — OS5 TREKUBEIZ A7)\, BB N ORI (X AT EEiE) i 6T D03,
— 7o AEE L 70 D, ZOREEILHIES° Dungey X CIEBEAE T2 EE THD, v I=b—
TarTCliE, 20X 5022 TR THLOREITREEL TEOND, 7T A~ EIOE TS
AT EDEREE— R L7220 6t iit, FAC R, 7T XSO AT AWVITEEEL , EnE o
fi LN IO 72 K R BRI IELS 22 D,

6. Dungey %}ift& Bostrom it

W )72 Dungey RO B XK T 52 A1%, B 71 (BEEEE D) HME O TRIKE 77 X< 73
F)EINDHEVHIEFETH A (Dungey, 1961), SV VRZ VL, BEREXHAIZ BT DBE5E 1 S8
P DINTGUATHLHN, P2 —a fERIZZD I A AV~ L2 (M1E0R), &
H RS AT LA ClE, BERBEIN DWW ZA T, BIRIEN LT 2T 5013 E T ThHho,
MHD TRARIR ST EEME IR NT U AT HUT, ZAUIT V7 = e U TREIFRIZ IR > TBIRL .
TIRET NT 2 P O HDIE MBI LIS NDZ L1725 (X3) , (A5 A HEE 7R
BT NT 2 THEFEHBIEEHERF CEDN, ZDDIII~I R — X2 LEDIRNN LB T
HD, INHDLEEF/THE, TV T2 B—ROER) T, EFABKEEE T TxICLL,
R, E NSRRI R THLDIEH-EL THAD, ZOE SN RIRFIC kRO =%
NF—JETHHU AT LN ERITEHENDT20 D, IELVVBEK BB ST O PRI, * BB R
[T RN =B AT L THD MHHBE LRI NIERDR0, ZNFE TSR L TElzztd—
STE2IE. EICCOFRICENINS,

Dungey X itz BrENI 2R DXV axr v ar b3 AT HD T, Dungey b HFE 5
W B ClE, Varr i ar O N EEFREA LR DDITMIRTH D, OGRS
B L 7 T X< B OIRIF THY . 2L Tl KB E AT A T TITRAVIZIEDY .
BTN/ BE JJDOFE A BT/ > CLE), TZTOPDDOIENL, 7 R —ATILIT 7 A~
DN RF—DEERTHY, EOFER S-M A AAEHIZB W T, I~ DONEHT= RV
PR T, RN — I IKEND NSV A R EELIZ2ETHA) (K2), FAC D
R A 2 T2 ZORADIZR DR NZENRH V155D, M-1 3HtITXEIREIEE O THY ., D
TEDINIZ AT EDIRN AR K THDLHDI, TNEFKL THEELE, JENNEERIITH
LIl REET, — HERERE T region] ROERENEAIETHE, CW DIHHEEIZA
SDEAFIRND, T TH AT LT DITIL, EE =R F— UK FT D282 D, D5
A3 braking |28 > T RIS E 7T A<Ml EoTLEN, NDOARTUR L ZRLF—{RFF,
7 —EFAC O— KLV OB EEZ | 2 i 4 8 H PRSI T L < /2D, Zhbz 4Tl
723 DX, expanding slow mode 7217 EWVOZEATRTORK1THY , B = RLF—(IF 1 TF
IR LIV EDIRSIL TS, FEREL T CW IXHR DR/ 5> T D,

HAFTENRA[ R THHEWIBE X Z ML ENFHIETHET LT, Bostrom B3 HDH
(Bostrom, 1964), ZOHE HFSIZIELV, E7 /L H HITR0I0BEOL ~L B2 TEH T,
JTIDIRTU AR TRV —ARIEZT T ZENE 2 HIL TRV, Bostrom &l X6 T/RLTZ
R BRI AL TND, SR BRENE Tl HHRRE TIX, LAIE FAC 22 Faj& FAC D —J5
7T NE AT EFNAEG AL TNDDIZXKTL ., Bostom i Tl, HHORE T, EMEFACET
1% FAC O )i BZ AT BRI SN TNDEZANKEGESTND, A DIH ., H oy ER
EIIIT 22l —al DOfEE L THELILTWVAD, Bostrom BBt 2ol —al Ol L THEL
N2 EIIRTZEE D, ZUELL FO X2, Bostrom 2N /1 F 2072 L CUNRW=Z8O Th 5,
Bostrom B it TlL JuTF ¥ RV > CTRINFET D e, V7 — i IL FAC LHEEA L T0D,
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WNHE AT DI T, IXB NESHENT AL WERT R — D ER T L — AR
SNDITIE, rot(JxB) =0 TZRIFIULIRBIRNA BIENNZZ D IDIZIFT2 > TR, MBI R T &
NTIxB i rot i3 EFiD, —FH IXBWNEMENEFINEIEBZDHE, T v R > THALN
/EE HEAL, B TRV =D SR IT UL B70 0D, 9D IS, ZDOHEITXT v v
IS TR E T T A< NS TLEV, PIIEE T v VN E LT85 TITL, ZOXH7 T
INZXFFTBTI/3T A (F 2 ) 13D SL > TR, AL, Bostrom Bt DE T VIO 72 FARGS

TlX, FIOT 7 A ~%ZHEH TE T, expanding slow mode D LH7eEE DS HAILRN 2D TH D,
— I, EE RV — KT T DX AT T, FARIEIC T HE0IHE L kIz<wn, =
DI R HE expanding slow mode 73, 2 A FFE DA A2 G BRAY A8 E DS B< 537D,

7. IMF ({ZHR AR LTk 0D 56

IMF DOZSB)IE, BB 1 Lt i O A B A H< o IMF 232D RIZZE DD, EHUTFEIGL T
MILE DINCEDLENEELZTHILIE, VT AN—LBiRICMATH D, IMF B2 BRI
EPDHREDT Il —T gl RITOWT, BB RIS O Z B 28§ 2 EAI % X 1012777
(Tanaka et al., 2010), [¥10(Z1%, growth phase, 4>}, expansion phase Z 18U T, &5 Bl
WEETTCDOWTIRAET D, 7= SAREEZER T H/XTA—F =) RSN TND,

IMF 723 b & OREE, sl ZiE<, EREE TOBORS IR, 1> T —a I {F B R 2L E)
HIKFH THD, D72, —#KIZ IMF LM E DR O EEE I L HM ThL b nE Th
5 LU FERITIE, LA E IMF O L EOREKBEREISIL, P& IMF O LE O ERE LTS

DINZHIHETEH DH(Tanaka, 1999), BEE T, FEAEAT =X L0 B53 ’fﬁéhﬁ\ lobe cell, merging
cell, exchange cell D 3 FEO i BV NFFAEL | BHERE TIX, 2K THFEI, round
cell, reverse cell, crescent cell D 3 FED B/ NGFIET DHIENFNLILTND, TERDY T A—
LWFFETIEL, ZNODOEMERGIEZRET T, b E IMF OFRFOREKBERE &% | 8 5 R Cfi
Hi%ﬁﬁﬁlfﬂﬁﬁ#b‘(?f%f_o ZAUTH T AR =L FRZ R CHARELIO LT 50T, BB ENEIUT
EVTL TR T=mbTH A,

K10 HxPE DA # % JHE, growth phase TIL 7 < cross polar cap potential 73 KEHEANL
TWD, BEALE T CRRENISND X AT D ik, EEEE xHRORIGIT I AT O ) sEI D 58
b THD, ZOENFIRE LT D7 T~ DR AL, B8 > THRAET L0, BG4 4
T OREIEIE, IEAEICII L — S — 2 s E B 2 72 TE7RB720 (Cowley, 1973; Crooker,
1979), XL—E N\ —F—EEIT, bEL TN L PRI TWZH D THLN, Izl —
Tar ThiEE AL TRUHHEN B BLS TN D, $HiidD IMF (KAFMEIL, L—k L —2 —HiE
BRGSO LR, E IR DI AL\ D — O 7 1 A8 IMF IKAF T DR Th D, K11, K1
212, IMF 23 b DL D D BRI XL — B /L —Z— g4 7T, EHEDEAaEXL—1 /8
L—H— 1L, 2 DOV L FNOERES T R =T A NSRBI EN D, —IRITHE
BHZIX IMF, Bies . PARGY: O 3 FFENMFAEL . IMF EPHBEIG . BRREYS M & PARGS RN, 2 78
OB M (BTN YT R) INMFAET D, BN —2—F A%, Bipo7 2 FBEOEE R H D72
B Raes, 112K 12 THNDENT, Z—t /L —Z— #5513 IMF 2k > TRE i
Do ZOEND, B AE R OE N, HATTE ) DENETEL T, regionl & A FEDE N ~LiH
$T 5, M11EK1 2% 5E, DDV GORIZH S IMF OARELX, FE A= IMF OFRED
J7DBEBIRINZ N, ZHUTKI 10D IMF (24K 77 L 7= cross polar cap potential OD3E W ND B ORI T
oD, FAMRSNDBMSGORRE BB T HE, IMF &E—FEICEBVIAEN /27T X~1%, IMF i§
DEENIHATNFEENIT 505, IMF JbD 3 LLBL (I £5L TS LD,
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S—T R —F—EE L BRI TR, 8 T R 5 P RR° NENL EREFRES AR
RIOHEIES | IEREICIT L — L — 2 — GBS U7 TIZRBZR, JEAE IMF ORRF
(X2 SOV ERENDD, 1 LIZALNDBA OB L —F =T LFHNS, b — D&
IZH BN = =T DD D, KEDOE N —F—F 11T x=-100Re ITKETHENTEY, 7
Ak— 2 growth phase D7 T A~ —MIREREB % 5 2 2, growth phase DX N7 T X~
RT3 5280, 4B NT dipolarization 234 3284 . IELIZXL—E/ L —
Z— RGN BER S e TIRBR Y,

Growth phase Tl cross polar cap potential D ANIZxFL T, cross plasma sheet potential (D4l

IS NSV, ZAUS BRI 6?5?15']“\@77/7?@?5; IZXL T, I A T —MNDIEFED
Eu\ou\ﬂ\iﬁb\ LY, TRbb T IR — MM 9%, ZHUTHL, L2 B
G @& 5L Th | growth phase T9I<H %’E.XT()uL?ﬁiiijT+/\ THET HZEITHIENTH D,
BLHBITONDIDNT, FERERE 5t D ZZ B LMD D46 F > THRANZ B DD TR 2fE)3

RIS 31975, ~hUi% Dungey ST A— b5 L R BB I L2 BA%, 2

T2 U MVE AT L FAC IZE > TREh S D325 2 Ui, Z< é%f‘&béo :ODJ:5G’ GE|
BIEFELCHA TIR R I R A 720, —MRICHESUE DT IR DN 975 GEE &) Bl BEUE S
HEGNREAET DD, ZAUTEBEE I BT, WU & B B L i‘@“ﬂﬂ%\éﬁ‘ﬁ‘
Do

A& Cld, cross plasma sheet potential /)3, cross polar cap potential {Zxf L INH#A 35 X
NTHLZ Do ZOWHRZEEN | KR OF RO BIREEFE T LN, A By MBS 52 LI
WD, Ay OB GE LB TIL, § LAY Tl explosive growth (JLEHNT 1T growth
phase (252 5739 TIFR<BEICA By D BRR) & 4UZHE< dipolarization, B — 7 {45 Tl
REHEDTA AL, ZIBIE, WG B<FISN TS, 7 Ah— L4ty bOBEK
EENTHD, FrEHLEDE I EEHNG, Aty hOREG A B O #E) (explosive growth) i 5 it
PN RN DE D THLHZEN 7DD,

8. Growth phase DX}t

[410°T, growth phase DREREAREIEZE DO | § ILFLERIGOWBATT T A~ —h
thinning (77X~ — <R D) ITHIGL , v — 7 BEGAERHMEO YN (2) A0 5 1 THD
L@z, ZOTT7AX~—hO thinning (%, B 5 growth phase 2 FHE-D 1T DG UE 22
FEL TERLHBIVTUV D (Hones et al., 1984), Growth phase T, Ml —7 ], BILOA—n
7@:??4%2 E DR TIE, FAC 24T L Tl OXHRA —EH L, ML G NL D, LT
A=y —=MITKIREL T, ALAE IMF ORISR R L — B L — 2 — RS M
%o FILTGIRANT T T X~ —MNIEBEE OBV H IR D, £ D72 plasma sheet
potential [ X cross polar cap potentlal FONEL, I —MIMHE L TWD, £ T RERE
TR D2 NDIE, 7T =M ES TWDE DL TAAL TN THD, BID A,
FaF U, KB T, 77X~ = MEED BT T 27 7y I ARRAT HT Ty 7 ALY
%\ DT thinning 725 EE 2D,

Growth phase 72%‘“@(“5 AL THLSDOLHIBIL TV DT, quiet arc 2385, quiet arc
138 FPBERFIINT T, BRMICE> THET528b 85, £ growth phase D[ H
PRIB T NTIR 2 W EIL T, 20 quiet arc DENZXZBIZL TDE, A— SV DHEK, EﬁAx
A CORR TR —FE G EZH AL | growth phase &) DA AE iELﬁ<f£5nﬁ BEATHRD
b, LZAN, quiet arc DJREKITHONTELT | LAULT T Ah—LF vy ST, A E
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WMIBELE DO RERARFRIIE L 22> Qe LU EITED T 2 — a4, quiet arc b5
TEDLINTI2 LU BIFEL . ZOFEATHID quiet arc D AT =R L B2 TETWD, [X1313HE
S FEHEPE O FE XU E L FAC D341 T, LI3ALAE IMF ORF, TIXFH A& IMF (22845
7214 (growth phase) TH 5, [X13_LIZiE, et I B E N BULS D, ZHIHIE, sun-
aligned arc X fan arc 72 & EFEFRSILOMIE IS XIS T 5, —H X137 F Tl &M T quiet arc (Zxf
Jix 35 regionl FAC 23, A — 7N )L ORRRIZIN > T, 4 HbLER T 280k ¢, 8157 ETIEW
TWDHDNRRBILD, 1413 growth phase D3Rt M-1 &tk &, FFHERINDE ) /54 (=—
T A7) BT, kAR quiet arc [IZEERDEEIE . T ARTEMIO regionl FAC IZEE D35, 7R
13 region2FAC SR ThH D,

X113 TIxEAREHHRLI-HPOE L L, quiet arc DEEFINHINL TS, ZNETIZLHD
quiet arc DET /LD I, HHEFR LMD FIZ quiet arc DAHEFHITHH DO TIHR2W, fiflE M-
[ S AT LORDIRITCHS 7 T A~ i 29~ rFFL TO T, Fox VD72 WS 2] Th i<
ZEMHKkD, K 14 132D —fill72> TN D, Frex 3EM T/ quiet arc DELHRZE RHDIE,
1439 TThHD, K14 1ZZNETRABRDST-bDE R HIICL TNDEFITENTE,
ZOFIEZENAIROEF TH D, X114 TIHEMD regionl FAC 23, K1IZAHNDZ ATE
OHLLMEIKIZ . S FEEE T8> Tnd, ZHUTKL T, quiet are 7*H 3L T, regionl FAC
DB E BB AT T EFIC =258 7Ty —hern—T OEIZIR>T, 7A/V
DRI S ETIENT, D%~ MUZENH(K 14058 . EERICBIHIS D quiet arc 13,
113D 27 v—/31 72 region FAC DREIE I, W <O DREMEERFE D NS, AT EIZht S
% FAC RIS, SOITATINBYZR2IE RS FE AL . Ho &N — DR, (i AR 0D T —
I Do EEIRE R E D, SHIZEEZ BT FICE D2 —2a Tld, 2SR RE
DI TS, K14 Tl region2FAC IXEIZBMAITTRAL TWA, FFHE ) otz Ao e,
T IA = —MIEEIT thinning DARFETHY | Ff ILFLEST T OFE I, FIE ST
W2, ZO728 | region2FAC X FIZEVAI TPAL D Z &2 5,

Growth phase DfEKEXHEIL, D quiet arc 2>HIE TS region FAC IZxfIGL T, v 7 — &
EETIET ThHD, 1512 X=-15 Re TD YZ it DB xHii a4, B —7 OV i7"
A=y —bDOBENKHE DO EANFEA 1L, B —7 CTOMIGOZEFEZ ED WAL DU B THEFFS
DT TN (ZD0138578) . Growth phase DRFDOXHRIE 77 A~ — MR EEL 2
P YZERNET T A~ — D& D INTIERY, 7T ZITELEZATHIERTT FITIAIDM),
L72735 T growth phase DRVl ZRIE ED DR WEILZ EARHFNLEE, ZD X
growth phase DXL T —3 7T A< —hea—7 OHEIZREIIL, ZOT 7 —(ZXL5 FAC 23
quiet arc (Z¥&73%, quiet arc @D FAC (XS T 27 AT EIL, v ML (FE) 2br—7 (IKFE) IZ
[ (2) WAT < Mv— (3) =7 TS NLD AN, AT F DT HER) Bz, £
L TRV FAC 1338 E LRV, 2D IS 32— a Tl quiet arc IR BRI, n—7 —F
TR —MEFUIRE SN D, ZIUTERBRO N —ADFER THD, BUZITTRLTOZRNAS,
quiet arc OGS E R — 2T 5L, Lo LT TRX<w T — MO SiLD, FAC ITHIERDS
B, BB R FAC TI37e< BARREBIMINT T N TLBI2D TH D, BRIBDOERIZ,
growth phase D] 77 A~ —rNE Tl HIEK M EWEKE ) & BRI &= D) ORI, &
{13 T o ARERFS D,

9. Ty DATI =K A

16 L& iz, F &> e expansion phase [IZF1T HFEKIEEL FAC DA% R~T, 2O
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(ZiE, BT A= 2B Theb AR AV M BSHBSIL TS, Aty MRED EaE
regionl FAC DN, BEA& UL TA— L O JREMR OB NEIR) DI E > T (EX), 7C
OFEBITER L FRNIBEL DD, A — L ORI EIL | SHIZ WTS &725 T2
DIl L T A HANZIER L THTK (F D) o WTS D~ RIiZ1E region] FAC b:%qﬂﬁ“éot
NN D, ZIDITY T A= LD RO BEERL AT ITATHY, b BRLBINSHL TN,
;ﬂi’(%ﬂ%@ﬁk.% KT 2 — A TDregionl FAC 238 ZTHRAL | ED IO 1K CrEREE
(ZRET DM DONWT, FEERDDITAHIL TV, LALK16D LI Ial—ail
FoTRETHINRD IO DE | ZOMRDIFHTIIID, Ay D ERIE region FAC DR
[T OEE, WTS @Eiliik“ ﬁiﬁﬁﬁﬂﬁfﬁ%c:ﬁéo ZDIORFHTING | BT A= AT O FE
JREEENEL TOREBLT I

Fry N TOX RO ZEE] i\ 77x“vy~b®?ﬁ%%lﬁloﬂ\f:iﬂﬂiﬁ§7"?x“v~‘/~bﬁlﬂ'b%%§
TIAI FONERZ DI 2L TH D, 7°v7;<“<7:/~mm (Y=Z=0)TOifLDZE) UK )
T, T IR —bDENGG (F) ENNTUoAGRERR) LT, K17, 7T~ —F
DETETLINMEIERT D720, Ay b 5 3RiEDD, x—-20Re 1 CD NENL & H 2
TORBKIAIEFFEAET D (H1TKEOR) , TRHBTT A~ —h (x=-10Re~-20Re) TiL, €
DIERDD M- i BTN FEZE LW O T, FE AR LI T UV B S 72 E ) Th % BBF 23l S
#U(Angelopoulos et al. 1992) Weln e 77 X~ Ok E1T9, BUIIIRL TRV, 3=l —
TarTlid, Aty ho 5 5 RFID HIBRMEEHWT 5 EH O dipolarization front & FFEL
SHD, ZOREREL T, m—7 Dbt & PN UE DR AN LS AL, cross tail potential 232K
[ZHIMN3% (X110) . BBF [ 30487k FriCHlEh 2 29, 10Xz, Hl#hiEs AT
(T2 EHBE) R — (T L — [TERS D, ZOERIIHMGT AR B T,
expansion D f 1, HB) sULSOKEG T IZZIET 5, 2l &b ITHIER M Z RO TER T2,
ZHUTKREDBIERD 1A IBI L5313 D TH A,

17~ T I, 7T~ —FATBBF BAEOHRITIT, TNEAREIZT 89701 F
ADEALDIHEZ > TD, growth phase TII 77 A~ — Nl €, HIER A X REE ) & HEER
A& EIME I ORI, X T ROER) S S3T 0 ZADRRD LD (K174 b TR RO —B0) .
NA Y NCEEL, FREETIIX AT IV N\T U R BERIE TR )% EF0 | A
ENTU AT BTN, BBF 2R AL (K17£ T) , O ENE L CERRAIE Cii kst
SNTFERHISINT U ATAT T2 (RLTET) o Aoy MRICHKIR N DMEEE S0 G2 IO
TR T REIR (KA F I 73T AFEIR) T, N E BRI T X L0, ZiveW 72511
PEIZ LB, 2V R Th KBS DIREE TH D, WNHEIIEKIE O isfbS vz i) 13
T ASNDIEATIL, plasma squeezing LM ILD 7 1 R ITHHIL T 5 (Haerendel, 2011), ZDi@Fe

§4/‘/“::7‘/a/&&“41"~*7)*k“~ arEW, LIeho TH By MEDX AR =TV B —Ta

AT BERAR T D5ELEE T DOMEINTH D, LINLIKIL 75503 D 012, BT hnsd XN s
SUE O R SROEI TR 2D, FRETIEENT T L AR RIRIZ R D,

B18/EIZ, FHRE S FR BB DWW E BV AR, X180, LS )T A
’\@@ﬁc‘fﬁﬁ \ZH AT 5, B ILHLIE T O explosive growth (Z B3 232083 %) &2
dipolarization (Z %57 DFEN) . D-deflection (D {ZHTVNY B0 23 RILD) S HALH1L5, [RITLIX 18
FNOREZITODEIHIE] R T, 32— a2l dipolarization (ZELE A KITH70E DA
TR RIEH LSOO, W DTNV BLE TS, T2 —Ta TSN RITHOE
TIR2 L —NDOBEENENEOEHD, explosive growth [ X, #IENRFOD & I A R ;ié}iﬁﬂ
MR THD, @R O E NI EIEEUZ > T Ay MEIZIR T LT TE, ZOART—
TR IR T 2 VY M- & | ASRDE KD dipolarization 251792, 18Tl
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dipolarization {12, D-deflection b R FELESIDHD D 737035, K5 E K6 IZHED LTV i 15
DR, & E I D 38 O bl 2 D065 13, FMANZIE dh 32, 2 a2 RE b0
N7=ELZATHDE, D-deflection (Z .25, $E- THIEND 1O EFRIE M IZH AL, D-deflection
IZBRIES N2, R EBIHIO NGB T, X iy OB PRI AL, ZHUIS5 ET
DIFFETITRVFASHIV TR,

Dipolarization (#JERFO IR ) O EEMWI) IC L APNE = RLF— DN, BBF O
IZEDNEB =R AT —NNED TS EREWN (K174 T, FOOR) . BBF HilENIE o/
LTI E 7223, 4 17 82 TSNS X=-8Re D DIELWVEEO R IAIZIF/20 155, ZOWL
WEBNE, ENIETERLEA By hOHFEEEZ 7T LOIH LA % (Lui, 1996), ZALETOH 7 A
F—2f T CIEZD I H 7 — 7 B A3 RIZZ 720> Tz, R4S Cld growth phase 2254
Ty MIMTTOEENT, T a— LR IR TFU ADOEEZ LTI ET D, 2D ST 2D
ZZH X, NENL OHET/2 E AR BERIE ST A—Z L LT AR ZERRIEER THY ., EninEho
JRIRTHY, ENNENDOFER THLHEN IR KBNTITE R ELS | AN —FIZZ LT 5,
ZONAHZERPRIEER X, T AN—2 Ay O RNEFEEZ D, ZOITEH b RRE
FHT A ENH KRN DONY T A= LTH D,

Fry OB —ODMIEEL T, BRSO MR e — 2 E RHZENTE D, ZiUT K EN
2%, 79v 7 A —F ORI L AR XL —FE L — X — R E DR L LA LN TS
(Tanaka et al., 2010), X 1912, A By NERTOK M /L —F—F A (Fki#f) L7 Ty 7 An—7F
(x=-20Re AV DA VIR O E Ve 7~ T, WXV — L —2—TF A DFFEORE R, &[T
XX TAL M2 DDV EHESKEEIC/ D, Sk T~ — RN TOIRO LD Al RE
725, L)L, ZIBIZE D FETO growth phase TO XL—t /L —Z—fiE L bRny— D& L
(21X, FIEARREDR L, VRO GHFEE D TSIV TNDD, FEHIXWEZ BT,
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20124 hOBRE O M-1 Bt R E 7T, ZOKT, Ve —T 2 71X EBER P 1Tl
DT 53AR  FkAR IR D quiet arc [Z¥EDADENR. FARIIA By b arc IZENDHEIT., IR
1% region2FAC 2 TH D, A4ty OEHT BBE 2338 EL TODMN, X LIREITZED1Z, flow
braking I[ZLDMEEEE X, JES1EFVEN XA TELZBEHERTATTHZ L3720, ERF O
Gl #ELE T I AR Sz m g e — 7 O GRiE i LV ALICBEn ) 55 B 2 4 J5 1)
& region2 FEIRNEAD, ZO RS —7 D5 H %185 region2 FEiitiL, #1774 7 I1ATUIES
THRBEMICFEDT<D, RSBIET UL, ZORRFIIKS T Rbs, ES vz RO
A TF DTy IR DHE, region2 BT HIER A1 2 S EBO =y DAAEET L . £ D% FAC L7825 T
H1ERIZZE D, Region2FAC DX AT EIAL T =7 ar EFAR—FTIEY —Lar TSNS E
JEI A @i 3% (3) — (4) DX T D, M5, K10, K20DERAHIZ AT, ZO X5 Rl E /)
FEIR O AL, Z T LD region2FAC DFEAEIRT, ZO B EIRIE KT T T A~ — DL H D
FERTHY, (o TT T A~ —hDIEELIT region2FAC &3l L CEBERE MR DN LR D,
FoTZOWIRIL, EHH0EE A1, loading unloading (244 9%, A By N TIIMBRF1{LIZ
B CN LR B TR 2NZ D, region2FAC 2409 7 —(, 77X~ —hEXONES
DBRE LD DL T — T2 (X6) , LL 1D region2FAC 1L, B21ICh IWEAIT /3750
LT IRLTHD,

PRRFACN T EE L2 L0, ZOESGIXBHEE I E LW O T, FAC 2R O, 5
B A RIE MRS G RFE IR, Ay MEICN T RE ~ (KT v LB E) M-
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AREIMRATHZEN, Aty D _E\IE FAC 254 — 7SV OAKFEEERID B AR EAREE (5 i
T 5, WEERIE T I A~y —hem—7 ORI T — R ED . ZHUZLD regionl FAC 237
A7 LEBEE DAy MEEE S5, ZOBEGREIIIATHELIIIAT OFENABHIT,
WS B 7 70 7 5AROEIDIA T IHIT LT, ARFEEEMIAE quiet arc D FAC JVFRE O FERERE 2
WD (K20DFH) . ZhaEATRRICT 23 7 — i E, xRN 7 7 X~ v — o b E NS
BETRATLIIETHIELIND, 2OV T —iES | 211280750003 <R L T
5o Ay O], v—7 =7 T — R ERIZH D quiet arc D region FAC (Fk#R) 1%, A
twvhregionl E3AFL, A By MIFREMR D arc DHAEFEDINNC R A D, A Y RO regionl 7
AT EFIHAT =< b= ZmD)iiL (2) = () IZk> TS o, L7z >TED
BREDEAR X, EMERIIZIX, A By MRTERIC CTh D, ZOWRITENL S DI TET direct
driven [ZFB4 3%, A > b regionl FEiitRIT WTS EFLIZHLKL | pre-onset arc [ZHi> TR DD,
PERIITESIZEED EF- =y NEFROISED LD, # L TOBGEE N5, ER
fRERE FHAZIE, _bmE FAC IZRE9HE 1 (discrete aurora)7= 1 C7e<, 77X~ —hD & ERIC
FEORLTF- DR T (diffuse aurora) & K& FF 595,

PLEDIH7e  IREEER % DXL I EBIND Y7 AN— LB R 2B E L,
K21 D L1725, ZZAZIE quiet arc D EEFERITEV TRV, BBOE BTN TS E 2E
JIEIE R DR ALDOR—T7 DB TH HinEDOEREIEINSED, EAUTE T fEIRD
&> T, & PG FTEET CRERNICEEY, £ 2 THIERTT IS ik, FAC &L T
R | SR S A, B BRI OREIE A ED, #57 BREE RO region2FAC (X, AR B <UmiL
ED ERAZEIL, EHEE T regionl FAC EOFEAE/EL, Ay M 875, 2O R
SNHERETIL, 7 AN—2A0 grand current loop Th 5, ZDOK DI, £ THALEDT T,
TEPEB I OEEFH S TRV, ZAUTED | T TRESNIZEDIC, B E TS —x /L
F— (flow braking) T72<, W= /L3 — (FE SEEEAEETIT) TH AT BN BREI SN D153 52
HENns, K21 Tix, A2ty hd regionl FAC IZX LT, CW, 7T X~ REE, B2/ axr
2 ar DIIREENIR T T A R FEAYNIFB 50 Tldeu,

Frmou—7 — 77 X< —NMNES GRE LB TOD) D A i & B, 58
ZEDFFOD A By MNCH T ANV T —F & E L TIEET D (AP O E) . 7> T,
21DEWRIL, bEbEFAC ZHERWT ANT —FEIN, ATV =/ a \llo TREZE
IL22, T =D EILIT 2 DI R LTS BT D, FllJER SN 7 I A~ —h
DEAFFIZEEN D537 region2FAC L7220 | b EIFAET DHAT =~ MV DX A FEITE
D533 regionl FAC L727%, ZDJIHIZ /DL tail current fragmentation EFE~5TH A9,

11. #h BRGSO

Growth phase 7°5[X21 DY 7 Ah— LB TR DFEZE T HHIFICONT T, EOL570 M Eweds o
R AN IR SRR LI 0% [X2212R7 7, v 3ol —al T, JJFRRICEST
M-1ZERFH S, ZTOZEORRELL TEHNSNLOMN, K220 K8 THD, X220 AU
&AL VL, 13RI 16D L5705k R Kl HEE 5 it (Pedersen A& it Hall #Eii) Z7HH L, 4 —
PSAZIRST2OL O OB S AR E L CHll ERBES HOKTE) iy DE B AR b (F
T ) EAEREHTNH TH D, AU & AL OZEENTIE, growth phase, A& b, JLKFED B fife
(253D, Growth phase TId, 100nT FREEDFECH2 52283 oL, 50 31 E R TN D,
B CRENTZA By R P, 1000nT (232 52047 AL DD B EZ->Tna, Aoty h
([ZFED AL OB, MENITAREFEH R EL THELSIL TS,
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K 22021%, @R A OIS B3I TERY, A2y MR BN A D0 Bbi
%o ZH ;’Eﬂ‘/‘IZ/T\O)jJ/\7/X’7TE (ZPEo7e M1 228 & fe ik L7z FAC @ﬁ{ﬁéﬁ?)&%ﬁ&%ze
A, PR \IFABRIOZE B L W2 D, 2200 KA LS AR Eb R L T D | IR EERL ZZ 80
Y MIPES T, positive bay EHR 5728572 Pi2 IZFELLOZE 2 b D, ;%{%rﬁﬁz%%{%ﬁ

FERERE BT LD T, T AT 2 I > TR B O BRI (LI — T a PG A
DONANT) 1HE ihf<%>ﬁ%bkﬁf£?‘_k7ﬁifé<éo Z AU TR EE G A B I < BN O &R
PRI E o THE RICH 763N DB A T, EREE O L T 2@t T Ialb—ar Nk
ﬁ@lﬁﬂﬁl“C)TT//’V/I/&A%EL“CBT@'@—%EE FCHD, M ETRIHISNAS B L g T 58,
positive bay SAKFEE Pi2 DB AEDN b BIFE/2 I Al DZZ BN 2D (e D k) o ZAVE[RIFEIC
AU, AL, @& P2 WA ZBHAGT 208, ZhOIERENT/ NS, 2 FH O S CIDICKERE
) ZH D, positive bay 237 Ah— LD HENZ B —ET 2013, BIHIIZHZEI o TWAHES
DITND,

T BR B A D = R D A2 I, plasma squeeze [ZFAIELTHY (Haerendel, 2011) , 77X~
J15EL Tl slow mode DIEE TH S, 16> T, WNELEEE TO LI & 5k D 28 i 3
LTHY, TR E D iﬁﬁf%é TR IR ) - iR 1 DT ARG T TE
fii‘%L&iﬁ@ INGUAPIANIZ G AL, N T A R E RN R S ND, ZOLH7im R
221 R ThHDHER IEHLEDE jjr”ﬁz BB HEISID, FIEHLE O A BN L, # RGO
EENZ AL TONDLDRREND, ZOEFEIMZ FAC ZEDMEO DT, Z<EARTHAD, M2
2O PR EFNL, ATV a I a— UEIE A O—EREL THIINOHDOTHY, =
NETOIHN P EMEIRE T LV CORM LIX R 5, IR Pi2 I L CIXINETHFrE T 138
ISEVIBADZRE N T, RIEDD, ZHh Eo7o K DARZEOFRE T L Pi2 13
B B AB O T, Hr BB FAC ODEREPRAIRLIN THD, #5075 P2 3 FAETDHED
(CETNAREL PR ZFH AT 2ET VT, BB EOEEFHINDZT THD, KIGHE
ERNGA-1G 85 DI D30 Pi2 T AESE DT LTI LT Z &I LY | P2 W FEDH T/ AT — V03
T 5 TdHA), Positive bay & di <HHHIHIL TS T T AN—LA Y D signature THHH, £
DJRENZ DN TIIZAVE THEE SFL TR, K22 7Tl positive bay (FAKFEEE Pi2 LIEIEEIC, i
KB EIREHDOIFETHS,

K221 RESNTo IO BRGSO BN T, 2 THDLHGIL TN T, O BIE THIEFIZH]
{E'J7§>f;|. FTHENTWAEEDTHY, Fox S M-1EELEZFRFR T HHRE R ERDHLDOTHD, ZIVETD

KEWBL Tl ZOL07eh FRIGEENT, RFEEHEE DO T R EL TOEME R > T
ZDJ:—iZ)o Ziu iﬂ/IZZ’C %, FTEHEGFRDOBERELED, TORRO—H L L THE
Lﬁn%z{@?ﬁﬁﬁgﬂfb\é 2212 HNDIDIT, #ll ERES B ORI TBL L < & —2

T, ZZIZE ST, RIAEEITHEEOIHEEIZE DY 7 AR — 2O R LR ESHEEL TS

Z&ED,

12. fid

WEHbS Tz 2 —ar ORI R FpE AL KGR, BGRB8 D350 5, Bl
W70t 7 AN— LB BN HBLSND IO e o7, BUEfRIT., WeE | ERERE B D@12 B<
HEL9 5, FrH EREGOFBIZB WL, ZINETICRIEZEDR2WN L LD T VT %R~ L
TWD, BAEAR T 7T A~ | s, EIICBAL T, &2 CO3W iz, B MR IR T
Do BAEFEDIATINS  ZIVETHEE TL o T2 T A= LB R & CHEBEICHITA X
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YT AR—=LDOFAITIL, HOETZT TR M-LFE S RO BAIRD D0 > TWD, 7 A
F—2OBFR NI RO = RN —Z . FAC DX AFELL T — G, L—t /L —&—%
1, SO EER LM T2ZENMEATHY, 7 AN—AFENLDIEER LiH D, 7
ARN—LD FAC 58, 2 TD M-I &t 13 expanding slow mode (2854 A FE THEEIZi15,
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ML AT LD NF =LV (T F) 8T (L) B CF 1) L= (EF) 23
HHEENFIRSINTND, LN FHE. TR0 RER T, %7 Ah—LADILRAH DR T 73
IRENTND, ZATEITE R DT DALFEBADENNCE 2D, ETCOZATEIIENTES
TERENSILDZ LD 073D, RN DOHIEN LDFIT, EA I LS, ¥ AT B2 8#4 5
ZLFRNZEL 30D,

Energy conversion in the convection system during the expansion phase. In each panel, upper half
shows noon-midnight meridian plane and lower half shows equatorial plane. Ev, Eb and Ep are
works done by the flow motional energy, electromagnetic energy and thermal energy. The energy
sources (drivers) are shown by + and energy receivers (acquirers) are shown by -. Remarkable
energy conversions occur not only in the dayside but also in the plasma sheet. Lower right panel
shows anti-sunward flow.
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RALT AL T 7T 0 ADAE R DR B (Hamrin et al., 2012), ZO K TlE~7 Kby —RADT
TR IR L CRAL T AT T Ty I APFERS DI I TODDY, 10553535 K1,
ST R = AT T AT RIS, oSN D ZEIFR, T 70bb, BlS ORI
YT RN — AT T A ORI 5B 2 52 HIFETRIT20N,

Traditional understanding for Poynting flux generation at the magnetopause (Hamrin et al., 2012).
Poynting flux is generated through solar wind flow deceleration caused by tangential stress exerted
by the open field lines. Inside the plasma sheet, flow is accelerated by the convergence of Poynting
flux. Poynting flux is again generated inside the plasma sheet through flow braking to supply the
FAC to the ionosphere.

3

TIVT 2 OB NADIEMEGR, TV = WA ATl CARIIL X AT ELE
BB DRI & N\ AT ALEZ LN TWA, T T2 JEOFRAIT . AEEZZR O —E il 72> TV
TEN . INETOEELODRA,

Inertial current at the wave front of the Alfven wave emitted from the dynamo through the mode
conversion from the slow mode to the Alfven mode. This inertial current accelerates
magnetospheric plasma convection. Wave is bouncing between the dynamo and the ionosphere.

X 4
JEADOLH (F) LIEDSRT (%) &N Efs SEiiAE RER) . —MIZ RAL T4 T T T
(X, JFE RO THBL ., £ DY & Eii Tt X7z I E ADS T TINS5, M-1 56 Rb
EIZZED XS 7ok iE 7> TV D, Chapman-Ferraro Bt 7 /V7 — X i, regionl FAC |34 T
ZOOREGE A 72 L TUD,
JE in the noon-midnight meridian plane shown by color shading, and 3D current lines shown by red
and black lines. These results are obtained for the expansion phase. Three kinds of current lines are
seen in this figure, the Chapman-Ferraro current (red), the tail theta current (red) and the region 1
FAC (black). The Chapman-Ferraro current, which defines the magnetopause, is connected to the
outmost layer of high-latitude cusp-mantle dynamo. The tail theta current and region 1 FAC are
connected to the middle and innermost layers.
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PRal—ar THILSNIC I BREROMEE, 77— % SE - FEnNOET), il Lo
I3 FAC %7~ Region2FAC Mm LERNOAERINOEF DR AR D,

Pressure in the noon-midnight meridian plane shown by color contour, the FAC at 3 Re shown by
color shading, and 3D current lines shown by white lines. These results are obtained for the
substorm expansion phase. White lines exhibit the configuration of diamagnetic partial ring current.
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R BREEIRD JJNT AL T — i, 11737 A% Vasyliunas DEAfRAT#7ZL T2,
Force balance associated with the formation of the partial ring current, and the flow shear
corresponding to the region 2 FAC. This force balance is equivalent to the Vasyliunas relation.
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FAIRB L, AT EAEM A, B—7 TIEF OB AT L, 7T A~ 251
Ho TS, =7 DIREZHER L T2, ZNODING T I TEEDHER S L, &
W7o AT EDEREIS D,

Pressure distribution (colored contour) and flow lines (Fujita, private communication). Line color
shows the degree of perpendicular velocity.
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Distribution of JxB force associated with the dynamo for the Bostrom current system. It cannot
satisfy rot(JxB)=0.
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INAN—LEGROD F) 8T A, BTN IE M) LTI ED ZERHIRIRNW LD IREND, (i
(CE ZE WAR BN ZZ T HEZ TG ET T AP E-TLEWD, EHBHEIZI3725
IR, BN TEEIRT,

Distribution of magnetic pressure associated with flow declaration inside the dynamo channel of the
Bostrom current system. Flow must be decelerated to supply energy to the dynamo. It result in the
pile up magnetic field and plasma. This configuration is quite difficult to maintain the force balance.
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BRI D RN DIFE TORT LTV e T TA2 L —hDOUENBIGETORT 2 /L3R R 28
#)), Growth phase TIL7T7A~ — MR E 528, A By NCIOME DNRIEINAZ D
TS, ZOMROEE LS T, v =T sy, L WLERYS ., §IL0E 7T A~ Eb A8
Do

Time development of cross polar cap potential, cross tail potential, lobe magnetic field,
geosynchronous magnetic field and geosynchronous pressure. The cross-polar-cap potential shows a
drastic increase after the southward turning of the IMF (purple line). This increase is due the the
build up of cusp pressure. Increase in cross-tail potential at the onset is brought about by the
changes in force balance, flow configuration and pressure distribution.
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IMF LD DB R —F /S — 2 i, B/ TN w7 A LOBIIRETR S, V2 jETi
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Dayside null-separator structure under the northward IMF condition. A separator line connecs two
null points in the northern and southern hemispheres. All of detached, open and closed field lines
coexists on the separator line.
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Dayside null-separator structure under the southward IMF condition. A separator line connecs two
null points in the morning and in the evening. All of detached, open and closed field lines coexists
on the separator line.
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Conductivity (color) and FAC (contour) during the quiet time (upper) and during the growth phase
(lower). Solid lines sow downward FAC and dashed lines show upward FAC. During the growth
phase, the upward FAC region extends along the poleward edge of the oval toward morning side.
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Current lines traced up from the ionosphere and pressure in the noon-midnight meridian plane
(color) during the growth phase. Green, blue and red lines are current lines traced up from the quiet
arc, dayside region 1 FAC and regin2 FAC, respectively. The current line traced up from the quiet
arc extends to the boundary between the lobe and plasma sheet, but not exactly follows the
magnetic field line.
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Flow (white arrows) and pressure (color) in the YZ plane at x=-15Re during the growth phase.
Shear flow which appears along the outer plasma sheet corresponds to the upward FAC from the
quiet arc.
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Conductivity (color) and FAC (contour) at the onset (upper) and during the expansion phase
(lower). Solid lines sow downward FAC and dashed lines show upward FAC. The onset starts from
the equatorward edge of the oval. In the lower panel, the WTS is reproduced in the evening side.
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Development of force balance in the plasma sheet associated with the substorm onset. During the
growth phase, static force balance between J cross B force and -grad P force prevails all over the
plasma sheet (upper left and right). After the onset, the mid-tail plasma sheet changes to dynamic
force balance while the inner plasma sheet develops to enhanced static force balance (lower left and
right). Associated with dynamic force balance, J cross B force (red) prevails over -grad P force
(green) to drive the BBF. On the other hand, enhanced static force balance generates the partial ring
current.
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growth, dipolarization, D-deflection 75 .5415,

Magnetic field at the geosynchronous orbit during the substorm (left simulation, right observation).
Growth phase signature of the substorm is observed as the decrease of Bz. Onset signatures of the
substorm are observed as the explosive growth and dipolarization in the Z component and the D-
defletion in the Y component. Simulation results reproduce these variations pretty well.
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Nightside separator line (green) and flux rope just before the onset. Blue line shows a core of flux
rope whose one end is connected to the earth and the other end is connected to the solar wind. The
nightside separator line disappears after the ejection of plasmoid.

%] 20

BT AN — LEKAH O SR ST E i 15, ki growth phase 7>HIF7E 75 quiet arc [Z ¥R 3D EE .
HidA vy N CHBLT 5 discrete arc [Z¥E 3D EE N, IRIT region2FAC [ZEE N D E T,

Current lines traced up from the ionosphere and pressure in the noon-midnight meridian plane
(color) at the expansion phase. Green, blue and red lines are current lines traced up from the
preexisting arc, onset region 1 FAC and regin2 FAC, respectively. The onset regionl current
connects the cusp-mantle dynamo and the equatorword edge of the oval through the flank of the
magnetosphere. The region 2 current threads the midnight meridian plane through the north and
south edges of high pressure region built in the inner magnetosphere.
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Substorm current loop. Through the plasma sheet collapse, magnetic tension acts to squeeze plasma
from the plasma sheet to the inner magnetosphere. Region 2 dynamos are driven by flow crossing
newly built pressure gradient. The region 1 FAC from the cusp dynamo is connected to the region 2
FAC to form the grand current loop. This current system includes no inertial current.
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Time development of high-latitude and low-latitude magnetic field. Growth phase and onset are
observable in AL and AU, Pi2 is observable in derivative of high-latitude H, and positive bay and
Pi2 are observable in low-latitude H.
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Figure T. Tanaka 1
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Figure T. Tanaka 4
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Bostrom’s type 2 current system
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Bostrom’s type 2 current system
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potential, magnetic field and pressure
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Figure T. Tanaka 12
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Contob{ interval 0.3uA/m
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Figure T. Tanaka 14
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Simulated (left) and observed (right) dipolarization and D deflection
(geosynchronous orbit)
2008/4/13 ETS-VIII (Eto, private communication)
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Figure T. Tanaka 19
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Figure T. Tanaka 20
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Region 2 current driven model of the substorm
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