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Transequatorial magnetic flux loops on the sun:
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Abstract: Following the traditional way of expression, geomagnetic storms have been
classified into three types; flare-type Sc storms, CH-type Sg storms, and DB-type Sc storms
(Sc: sudden commencement; CH: coronal hole; g: gradual; DB: disparition brusque).
We have discovered that some transequatorial loops (TEL) give rise to geomagnetic
storms, when the TEL explodes near the central meridian of the sun. The axial magnetic
direction of the TEL can be inferred, since TELs connect sunspot groups or remnant
magnetic regions between the northern and southern hemispheres. Since the axial fields
tend to have a large Bz component in interplanetary space, we have examined various
effects on the configuration of geomagnetic storms. Topics are proposed for future works
on the TEL-type Sc storms.
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P Emiasfmsh, KEoss (imb) BHEE LT, KEWHESEHTREL
WEHENTE /., 2O TEL EREIEKEO AL (limb) THEICBHI SN 205
121, KBBEHTOSRETLETTHL EHELTHRILLEZ A, T4 AT HL
A THTHRBEEEI RO SN T2 O EH BRI, HERTHRAREDIEEL Tw
LI ENRHBENZ, COMEMNATIETZILTE 749 Ay Phaatk—ILd
RO lhrolzZl emt, THEHLWTELH Sc @ ThHh s EREL. 0

WAHDT, AV — T OO FIDRKD b D, I O3 M
(IMF) D3R\ Bz & EL DT, OB RBERANOEEIZOWTHN.
TEL B Sc RIZD\W i, 1Esehk 4 72 BIRE OIFZE U S IR S 75, BT
EZONLEA BREICOWTORSEN R I

L& C®wi

I8 HATIZ KRG 7 L 7 S AR O IR E & Bbi s 2 &g ST LR, Kbt EkE R B
1R ER4~ (Solar-terrestrial physics) & V9 #H7 L WM I ASBA 2, JHIK & 7% 2 KGR %
WRED AN ALy PELTELZZMERATEI. RIRTIZZDOVHIILL, 2
NETOTLT, 74742 MHEE, 207 F=VOWTIIIORE S 4V lRBERFEE Y —
7" (TEL) BESREDRNZ SN0 THET 2. BARIIEEOF - I7H T2 =240
FHIRTHL L VIHFLH Y, TEL BEOFERIL, BEBIZBIT 2B YHYIZEIC b &
T B e RITTEEZDL, FRATH L 2L 2RmT 72012, RO RESLEEMOBR
I — 7" (magnetic flux rope) OWIZEEZMEH L, TN EHERTr b mTH L 2L
ML &9,

1.1, $ERO IBEOHSTE & ZDKBGE

WSRO MO ERIE KRG ICH D, [KREF-#AE] 0 X918, BREE KBRE €
M LTERHLLYE, INETIHENIEZONTE FMRIAICHIFEL THD L KkDH
DTH5.

111, 7L T7HISc &

CAUIKRGH L OFEYFEINIC 7 L 7 0354 L, 24U K o TR RUEH IS 2 R 7 B2 g
(Blast Wave) 55| EH#2Z S, ZNAHIREEREICENE L TR L2245 (Se) BlORESUR
Thb. RMODFERIZ 89 FDT LT -~ WAEBHR TH 5%, %72 RIOT-FILTER 755EH] &
NHZLUROZ ETHY, HIZmhaABE7L 7 LTEBRER ISR TV D
(Carrington, 1859). 7 L 7 ® 3§ | Flare Buildup Study DH#EREIZ X V), HAEETHEITE 5
A, BEAENIREN R RIHES R SN v T, 7L T7IC K AL, 2258 ESc i & b
XN 5.

1.1.2. I 5— VA Sg

Z ORI OFAEIE 30 F R — VIR LR S Bartels (1932) Ik > TRHENTEY, £

DK IEIXARAERY 7 Mysterious region (M-region) & S41 T X 72, Z O M-region (3 H—fHs
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FEIF, (UM-region) TH A ) & OIFMH % ST/ (Saito, 1964). % @ # MARINER-2 |2
L0 EAKE R L ORI H S AL (Snyder er al., 1963), FAZEHE KR OFEAEF L LT,
W3 818, Cd 5 210 5k — )L (Coronal hole, B&FR CH) 236 % & 17z, (Krieger ef al.,
1973)

0 F = HIRE BT E AR RIS X 2 EAURIE, Sc D &) RBIE R BEOILL 2
LIZ#ER 2 (gradual) (238435 L 2AH D5, #Elh (Sg) MafE) L ENTnwb, au)k—
NVOMERLHEIZEB S 2L, BLXE27 HIT LI ES N2 YRR & LR
N5, KEEas/ NMIERNICBEN S O 288 L 35, BURERESRICOWTIE, CH R KM
AR OFEAICE L TR & 4172 NEWS ORI KR & O BIFREE2S, FRHASI2LD
FLHHNTWA. (Akasofu ef al., 2005)

1.1.3. DB %! Sc /&

KRBT T4 (Dark filament) 322943 2 2 314 (DB: Disparition Brusque & & M%)
AHE TS 2-4 H L CHIBREESE Co84 3 % Sc OB IAD 2 & 725 (Joselyn, I A.,
1981). COIKRIET 4 7 X ¥ MERWEPKE KK THIERIZHE 2o TR EAT 572012
Ko 79 = FICE D) He B SN L DT, Br b7 4540 Mgk LCBINS
HEEZLNTWD., 747X el 577 A~hanFEERIM (Coronal mass
ejection, WEFR CME) %2 Z L CHUERIZIhEE§ 5 il 7 O C, DB Bl b 225 MR I /3 &
nNTWns,

INFTHMH N T/ R 3OS RGIRO I 012, SRIF72I128 4 3 H O RBGIR
TdH HAREREMIT ANV —7 (TEL) &, #1UZ X 5 TEL B Sc AR R W72 & -0 T
HT 5.

Z ® TEL, 2 % 1) Trans-Equatorial 7 loop ©® b D1, K AKAHNTEA L (limb) (ZHNL
LHR L L CRGWHEEST CIEDRI HEE SN TW72s, MAROKERE LTREO
T4 A7 HYLEl (Disk center) HR L LTHHL, Kook Co—#EHERE L TR
7ZOEEHOMEPMNDTTHSD. Z I TRERAND [5HE (limb) Bl% & LTo TEL]
WZOWTOBEEZ AR E LTI TEEDHTBI).

1.2. BEOKBATAIImbHRE L TO TEL (CEEY 5%

1.2.1. GRAND-PA

BWEOTEL R L L TAEZEZO— AN (T. Saito) DFEEICH o 7-01%, ErFEIFERE L L
T fE L 72 HAO (The High Altitude Observatory) @, 4EfFTE: % L C\272 W. O. Roberts |2
Lo THNFS SN2 %% GRAND-PABLR TH 5. ZTIUTKBEKRND 7T X~ HER%
THERT7 —FORIBRNEAERIL, 7—FWKBHERE B 20 CHRET A M
BEBE TR LZDOTHY (K1), ZOFEENLRMGLE L S ICKGWHEOM#RIZKE
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1 AR TRIBENEEAROF LK E LT [FRibExlE CERBAT —F (TEL L
)1, RmoRs £ 7213 T LR 5 Rl S v Tw 7z X3 K IE Climax
BT T 1946 F 6 A 4 HICRLEAS N2 TELBIR T, £OEKRE D W 212 GRAND-PA &\
PMTHENRTWAIZETH 7.

Fig. 1. A large explosive prominence with the TEL type arch structure as observed with the movie coronagraph
at the Climax Observatory.

CHEBAL, PR E7zo7-408, BROBAOMO T LETEHDELKMENATWE K
BHETHH, UL 28 2 KK THER, S2E)45HIZEHT— 7 B HHICATF
Hisk e 2o LR OIRTE 5 727280, JH OO KB IHFEHR & OBIFRR T — F O H i
AL EORE % &1, BFReeALHEL Ehcwviv, BIRITKEH LT 27 —F0
WIS 60712 R OF,  Z AU FrEER720 T OGBS L IEAY 30° 8 h K& vk 2T A5, TEL
Td 5 REMEDS D TREivy, 7272 L COMRSHIRICHAIEIL LRI L2 ) HidEid s
VL BIDSHIERD S R TKB O 5 H (limb) THAE L72720102, 30 F W R A HER 1A 250
LIEMARAAICZENTROES>TLE L2 EZ LTV,
1.2.2. 19734E 12 H 19 HBL%

Skylab TS 2 HSNAHR E L TRBEWHSE L AT I L > TMEDIY EIFsnT
WBRHBRTH L (KM2). TN HREAERLEZEs 728w ) i,
1.2.3. 1980 7F 4 f 14 HIZhDHG

SMM #f2## D au+ 75 7T, TEL 2 0L CME s &7z, MizZn) 5
D 19804E 04 A 14 HBRTH D (K 3).
1.24. 1992 4E3 H 29 HHI%R

Takahashi et al. (1993) 1, B [X9 29 1 SX RO H1Z 2 6 o BUBRGIER & HPH (2
iS22 RO, FREE T 72 THEILICH 5 2 Ko TEL RO DO AR 4 Ko
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2 Skylab T 1973 4% 12 H 19 HIZBIM E N THAIZ % o 72 TEL B .
Fig. 2. A TEL type arch structure observed by Skylab on 19 December 1973.

3 KBRS SMM O30 F 275 7971980 4 4 A 14 H 12588k L 72 TEL. 2:F7S eruptive
prominence T, < ® L 1Z CME OG22 5 (S2HIZA, 2004).

Fig. 3. An example of CME events observed at SMM on 14 April 1980 (Shibata et al., 2004). The arrows
indicate the prominence. The arc above the prominence is the front of the CME.
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WD B 72 5 4 EiEF (Quadrupole) Hixk (F14) % R L7z, 2 4o TEL BT M
D9 LA & EEEY 2 Fo13 9 O TEL ORI TR 7 L7035 4E L, SHED4H 3
HIZKp = 6 IR SHBAERL RS Lz, BAUGEh s 2 & i/ A T, ®Edt
W EER DTGB IS I ARE I < DT, b L& 72D DG B FEIE AN R B |2 R b ER O [7] 1 #%
JERRETHRAET S &, TN O IROBUBRBIR & 4 5 2 AR O HVY J5 HRE TR D 13512,
AL D BRI A58 % B 2. C 2 RO TEL B OB THILN, SX EIRICA S NS &
W&tk LT 4 ROBITEIENS 5 2% L7z 4 EMTHEEICRLIETTHSL. 203 H 29
H B % ClE AL 3R O BABRRHR S RB 12 728, TEL OTEMIE 7T AR HED mHLa
WEE 25 DT, 4 BHMFHEEIIREGT 4 AZNTHWIEICHRIBTE, »oBREETLR
5% (imb) TRHIU & )T SN/ EA R R 72 TUBITdh 5.
1.25. 19924F7 H 31 HIZA03%

COHE (H5A) £ TX9 29 ] o SXFamsi & E 7 RLEHAILO KB EEEweHE T

C2ARDOMGE LT SN 7z TEL HEEAT 4 A 2 HISH#HISET <L, 7T—F2BRL T 5
ZENGD .

Fig. 4. The quadrupole type distribution of the four fieldline bundles around the northern and southern bipolar
sunspots near the disk center on 29 March 1992. The SX images (top) are compared with sunspots
(middle) and magnetic fields (bottom).
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SOHO/Yohkoh/Nobeyama Collaboration
CME, Prominence Eruption, and Arcade Formation
1997 February 7

LASCO C2 03:3C

S5A 19924E7 H 31 HICEI S 7z TEL R O AKX . B8 (LB T 5 L7z KB o & ik X
(KB 71 2288 & TEH2ZH112&5 SXH{E (74 A7) BERENTWDS . ELD
TEL (P1—=P2—P3) OTICRZ %7 —7— ML, TEL BRI~ 33 2 L CTmIEn
ThHs.

5B 1997 42 H 7 HIZEI S 7z TEL RO AR . KRvigid (B) B Cis Sz KSR
W e, (BFET) TEH 9] 12X D SX W%, FROMEIL SOHO/LASCO A3 L 72 C2 [

%.
Fig. 5. A composite image of the radio heliogram (off disk) obtained at the Nobeyama Observatory and the SX

image (within the disk) obtained at Yohkoh. See the arcade structure indicated by the arrow in the SX

image.
RIS 2 SN2 KB RANBR L LTELAIS N T 5 (Hanaoka et al., 1994). )T
ZLERBZEEMALE (TOIA 2 A) OTFTHICSXHEETT —7— FEEFRLONL D
IIRIEHTH B,

[@ L { Hanaoka (Hanaoka ef al., 1994) 2 X > CTRSN7ZX 5B 1, 199742 H 7 H® TEL
HRIZOWT, KT 1 A7 OPW IR L7223 O TH L. IO G E 7R

BEALOEREG (1) £723 [X5295 ] o sXEfg (h-TF) THY, FHllofkke
[# %1% SOHO/LASCO @ C2 Hif§TH 5. KEFHEDFEIZTHE L ETEDP > TWHEKRER
TEL B SN T 5.
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1.26. 19974 11 H 6 HIZn D%

SOHO |25k & 7 KB 18T 60Rs OFFHIZ K RILfAau 75 7T, % OB TEL
B KEO AL (limb) I TEMI SNz, Z0) B TLHELRONK6 DIETH 5.
Z OBIGIE SOHO 3Bl L 7258 iR KO KB BB R & L TR —AR=DIZF v T 1) —
ELTHHBENTEY, KEWHEEELBICLEHEELY G52 72HKORRTHS. 20 TEL
PR LG BfEE, KEE—@ICHIE L2250 1 EMVERO X 912, o CHEBL
Lo KB R B R % 3815 8472 (Dere et al., 1999). = O KBIEIEIS L LK B 5 1H)
R, REHIAY, EEHINZOWTNOHIAN G 3 RICHICHEM % 79 X< @805 R S

x~ |“&s|soHO/LASCO-C2/C  SCHEMATIC
pL FRONTSIDE J
. * {FAR-SIDE §

12

6 (/) 18874F 11 6 HIZ SOHO/LASCO DI 157 7 74z 7= W L R#o TEL #3E & | (F)
BN HHEESHENIZET I
Fig. 6. The C3 images, 30Rs of the coronagraph superposed on the C2 images 6Rs of the violent explosion of
the transequatorial loops on 6 November 1992 (left). The schematic model on the representative fieldlines
of the bivalve type on the front- and far-sides of the sun and the balloon type near the west limb. The two
transparent types were observed to be superposed on the RZ plane.



IREREWTRE SOV — 7 (TEL) BUKBFRFE AR D HrElAE AU, 241

TWABIRTTHDL, FNRIEIPEENL T I ATHRDPE S B2 FHZEM 2 TR ICRGO
55 (limb) TEI->TBHBY, L2dEfmdsE LoBREBEEBENIIEVIZEML W2
DT, AR T— 72 LIZENGICHHE LI AN A LIEHETE L, 22 TREDOSLD
(limb) @ TEL BUBZEIC L 7% 9 77 AXMEED, @ RZ FHNIIHEE S NREHZ» 5,
BI7IRT &9 % RYZZEMTO 3R R EFE 70 L ZAHNEBH S Lz, a0 FIEREHIC

5 ERESERT 20T, B 77 A<, FRERIICEER L R 5 742 5 T HEM
OIS NG, ZOL SN TTELBENREZ 5L, 77 AXIEERIZHZ 61T,

SUPER-
X~ posITION SCHEMATIC STRUCTURE

>30° FRONT SIDE
+
>30° FAR SIDE

+1:00
a
%
oR
- A&l
o
i
w

+3:00

SUPERPOSED
IMAGE

MM

7 PU6ITHEENL THEED R LBI S 7z limb BIR 2 & LIS SN/ TELB3ED 3 RTET V.
BIGIE limb THIEIZBM S N7z T, [ U CARIERTORIEL T ke sh/.

Fig. 7. The schematic model of the fieldlines for the 6 November 1992 event. This limb event is considered to
have occurred also on the front side of the sun, giving rise to a geomagnetic Sc storm.
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FFREFANADD, RISH BT TR 2N S 2 LRI C, BEEOEWE
FHOZEMIZ (A2 o THARD & 9 12 S &SI DS, 22T [KREDss (limb) JiiAIC
CNZZVHHEICSE L TV A TELEYRE 2 51F, K7 EE LA = AL TULTRKEIER
TOHFE L CHER AT u R (CNE) %2 L, #ERICKFESRZE I 315E:
vl L) BEPEFNLORIBOTHKRTH S, 2D LI L TRIFEROFAED LD S
niz.

% BRBO 5L (limb) © CME % W IZHH72 Yashiro (2004) 12X % &, CME OERFR
131997 4E 0 335 FRICA L TROKIIICIZZ D 4 5L IS 5 DT, TEL BB LWL -
72T THL (M8 OLM). ZBRMOMEITH S CME O [HATo] #EELiL, KKEE
% o I2IEBHIRZ D b DO TIEZ <, W L 72V — 7 IR CME Ot R DR THe 72
Mo, MTHEHBASREICET > TVIDE, FXTREZHEIITA2HKPZEETINT
WHIERRIEL TV,

1.3. KBRS THE S h/HRO—7 & O&EHS

KBEEHTIE LIE LIEESA T — 7 (magnetic flux rope) 2SEI &1, WS N LEE %
W95 & O R £ 1172 (Lepping er al., 1990; Marubashi, 1986). f#45,0 — 7 O i
i, FINE 27 L7045 (Dark filament) O ¥ 5 AU % & % 2 S /-D T, i
ROETFTNE L TUIT TR LD F ) AFEAICHEER 82 FoMErsEx o Tak
(9B 1), ZALCK L CARIIZE TS T — 72 KB m A EER OGBS T 5 L %
ZBNTWEOT, EAu—7OEMb I, TabbBEHNTH DI LITRKOFEDS
H5. WETIUIMERDIERAKFEZ I LT, BEEETEALALLEHTLILLT
&5 (B9A).

1.4. HFEICOWVWT

AFSCIZH W ST % TEL (Transquatorial Loop) 7 % HFEIE, W o TwaHA1C
LoTPLTOTFROEIIICNEDNRLR D, L LEMS 21T 5720123 TTEL O—
ECHLTWLDT, ZOWIHINCL > CEENAEZRIZILTWEIL2b o0 DT
B ETHE 2,

— % TEL: REx B2 CHILPIRIcEnEZnEs o7 — FigE % —#%19IC TEL LI
Frd 5.

141. KHpost (limb) & 71 A2 1ETH (Disk center)

KD 5L (limb) TRERVESKZOTT —FHEIZIZ-Z2VEOLNEDY, FLUD
DTLT 4 AZIERTI, 3RITHT —F 2 KB L72E, 2% ) —RICIEHEH o
WD VLM E LTRA 21T THD. METIUL TEL BIRIZIEHEG T, [K& &,
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8 1996 45 2004 4E F THIMI &/ CME @ () W EREE L () #EED i (Yashiro et al.,

2004 12X ). ARBIZHAHDOMNDDH AT L1, TEL FEFEHHHEL _t_ofux

Wb .

HREME fi7R LT

Fig. 8. Distribution of the heliolatitude (left) and the velocity, respectively (right) of the CMEs observed from
1996 to 2004 (Yashiro, 2004). The concentration of the CMEs near the equator, where neither sunspots,
plages, nor strong magnetic fields are dominant, may support strongly the present TEL type explosion

hypothesis.

M, TH&E] oa]T

HRIEH &\ ) BT EDR % EDEW & XTI

1.4.2. i1k EGE)

KIEKGE TV — T IRICESE, &L Twals
L A EENE, KOs H (limb) TIXEIMZ2BYSE & L CEINTE 225, EEE{ECid [E
Bl QLIS WIZTTH L. KL TlE, HEE

BWTRAZITFIZL WEWS

iz

wimxBoTwh, LA2ALIZTlEs

2, @ L C TEL ®HEET

W

(&, HERIAT S B TS 2\,

i

FEREo b o LEEIT ook %
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(A) PRESENT TEL MODEL (B)PREVIOUS MODELS

NOT TD Rum
SUALE

<7 -'w-:\\*\ \
L

9 FEMZEMICIEA ST — 7 (magnetic flux rope). (A) AL TR SN TV A EERE T
Ve (B) PEROARTVEET V. EMEHHSEAS L, EBER O — T D13 K E L HEUL
ARITIENEZLND .

Previous (B) and present (A) models of interplanetary magnetic flux ropes. In the previous model, the two

legs of the horizontal flux ropes have been considered to anchor in the horizontal bipolar magnetic
regions of the sun.

XHI L 722\,
1.4.3. 31 &R R

KB & DI R EE % 88 2 CRF R R L T 235612, BiSMEE L L CRica —
7 (magnetic flux rope) DFEZ V256055 255, FFICHSREE % HEIC L 2 WIGa1E
TEL &\ ) dilif & v 5.
1.4.4. HWIR~OEEDOH I

I HFRICHE RIERBIL v,

2. T—%
PRI N2 T = Z I RDE) TH 5.
CRPEERE TX) 29 10X D KRBOK X (SX) 41§
CFEEAT G . KRB L OBIRE TR D 720 .
cHo ZHEW{E: 7L 774522 NELOMBRERHRDLOTH 5.
- WA . 7L TR T 4T A Y b EOBKANERERNL 2O TH S,
< R R IR T b ORGSR R . 7 — TS ORI KBS & OBIfR % .
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“KpBEUDst 147774 Kb® TEL BIGR & IR D Sc il & DR 2R R O TELRER
HRE A Rz,

s KEJH/ S5 x —% . TEL OFKEMZEHTOLDL T VWEHRRDLDIC, WIND HED T —
LA Y (s

ST . (X9 29 ] BAENT— 5 2L T 2 B 0 1992 4~2000 4 TH 5.

22. EAEGKICEN-PTHLERROEEMICOVT

Ko 55 (limb) TO TELJBESSIE, WHALS - KBEm 5 2L EE R Y
725\ VIZERABOBIR DT, IEETH B - FERTREL TS IETTHL LS
ZADIMOTHIMNTH S, LALWEIEIER TR L LD % TELHEEZ Ao L9 &
T5HE, BIGICHEIGEST S, TFICHRRS LI, BOTHrIrRlETLrAoNn%
W, EZAD, DT RENLMED RV EEZ LD, BOTEHE TRV, TIXEDET
M L2202 T < 2 &k, ko TEL B0 LTl THHATH 5.

221. K&

KEEEROFHE IR SERT—F T, ThaeBELE (FHE) »5R5E, 1RO T %
AL LTL2#Bcaiw,

222.

KD 55 (limb) TEERIZANS 7 —FHEd, BWIHOR CNERET 5IRF2M
MRS S, EREECRPERESDL TR THLENLH Y, BREMICKITS 2R SN
2\,

223. HEH)

Morton wave @ £ 9 |2, Il TIXFRBIARTRER (2 LA RBE TS, B3 IULiE-
XG5 EAELH A, LA LIEH TEL O £ 9 IZHMITRIA~OEE) T, BhEFETD
WHINEETHL., Py T I —REFHT LI L TE L.

224, WKE

HolRRENEMAERETH2REOLL (limb) WfE ), MRl 2 KB
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Fig. 10A. Day-to-day SX-images of TELs during 16-27 May 2000. Thin arrows indicate TELs while the thick
arrow is an explosion on 22 May. The downward arrow indicates the arch structure.
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Fig. 10B. Day-to-day SX-images of TELs during 17-28 April 2000. Thin arrows indicate TELs while the thick
arrow is a explosion on 27 April. The downward arrow indicates the arch structure.
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QUADRUPOLE LOOPS
NOVEMBER 1999
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R
Fig. 10C. Day-to-day SX-images of TELs during 13-24 November 1999. Thin arrows indicate TELs while the
thick arrow is a explosion on 19 November. The downward arrow indicates the arch structure.
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Fig. 11A. Relations among various solar and geomagnetic phenomena in connection with TEL. The lower panels
indicate the front view of the solar images in Ha, visible light, magnetic field, and soft x-ray,
respectively, and side view of the SX corona. The red curves indicate the exact position of the TEL
phenomenon. Note that neither filaments, flares, nor coronal holes can be seen in the vicinity of the
TEL and that the TEL shows a clear arch structure at the west limb. The filaments, sunspots, and
magnetic fields are viewed on the front side and the limb, respectively. The observed TELs are
superposed on the synoptic chart of the neutral line at the source surface. See the time lag from the
TEL to the Sc of the geomagnetic storm as expressed by the Kp diagram.
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Trene-Eustorist Merigionst Lo / SC STORM
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0O N 1 ' SIDE VIEW
SUNSPOT MAG.FIELD SX-CORONA

11B 1999 4F 2 H 15-17 H® TEL/STORM 815 . (FB) Tl & KEIT/R & 72k XM & o
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(BBAE) KPR IR Lo s () 12895 TEL #i% (k) O .
(LB KpDI 2=V v 254X 75 AL TRENS TELBEH (LMEEH) & Sc A, .
Fig. 11B Relations among various solar and geomagnetic phenomena in connection with TEL. The lower panels
indicate the front view of the solar images in Ha, visible light, magnetic field, and soft x-ray,
respectively, and side view of the SX corona. The red curves indicate the exact position of the TEL
phenomenon. Note that neither filaments, flares, nor coronal holes can be detected in the vicinity of the
TEL and that the TEL shows a clear arch structure at the west limb. The filaments, sunspots, and
magnetic fields are viewed on the front side and the limb, respectively. The observed TELs are
superposed on the synoptic chart of the neutral line at the source surface. Note that the southward
magnetic field of the TELs coincides with the southward field at the source surface. Note also that twin
TELs would give rise to twin Scs of the storm.
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Trana-Emltorhl MoﬂdimﬂLom/ SG STORM
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TEL 381206 L 72 KBatBlg. () & limb TROMNT —F M (h).

Fig. 11C. Relations among various solar and geomagnetic phenomena in connection with TEL. The lower
panels indicate the front view of the solar images in Ha, visible light, magnetic field, and soft x-rays,
respectively, and side view of the SX corona. The red curves indicate the exact position of the TEL
phenomenon in question. Note that neither filaments, flares, nor coronal holes can be detected in the
vicinity of the TEL and that the TEL shows a clear arch structure at the west limb. The filaments,
sunspots, and magnetic fields are viewed on the front side and the limb, respectively. The observed
TELs are superposed on the synoptic chart of the neutral line at the source surface. Note that the
distinct southward TELs are oblique to the source surface neutral line and may give rise to twin Sc
strong geomagnetic storms within the short travel time.
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12 (a) WIND 2 TBIH S R RO AR . DT LOREERSIZT 572012 A-E £ 8%
HENTWD . (b) (D By & BzEADOIERENTHR T 7 GR) &2 by (FEAD.
() MEFLDIEMERFIT 7. ENVICE>S>W>N—EHELTEY, 20
flux rope 225> TWAH I LA RL TS . (DK 11A &M 12a-c 7 &2 HRGEE S 722
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Fig. 12. (a) The solar wind parameters observed with the spacecraft, WIND, which are separated into 8
intervals from A to E’ in order to facilitate the following comparison. The bottom panel indicates the
geomagnetic Dst index. (b) The magnetic hodographs (red) and the vectors (blue arrows) as composed
from By and Bz in (a). (c) The synthetic hodograph (red) and vectors arrows from A through E’. (d) The
two interplanetary flux ropes as inferred from Figure 11A and Figure 12c. The first rope (left) and the
second rope (right) may be responsible for the Sc and the main phase, and Si and recovery phase, of the
storm, respectively. n (thin lines) are well explained by the HAF model (thick lines).
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