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Typical Mini-substorm and Long-period Pi2 Event
Observed by The Jikiken Satellite on December 11, 1978
By
Takao SAITO, Kiyohumi YUMOTO,

Iwao AOYAMA, Fumio TOYAMA and Takao TAKAHASHI

Abstract: A typical long-period Pj2 event that was associated with a
distinct mini-substorm took place at 1355UT (2255 in 135° east meridian
time) on December 11, 1978, aftera suécqssive ten-day magnetically calm
period. The event was observed simultaneously at both the Jikiken (Exos-
B) statellite near an expanded plasmapause on the 21h LT meridian and a
ground-based station, Onagawa, on the ~23h LT meridian. The plasma-
pause position before the substorm onset is estimated from the stimulated
plasma wave experiment to be L 2> 6.3. A dynamic spectrum analysis of
the data revealed that the observed main period of the Pj2 was 140
seconds at Jikiken, and both 140 and 220 seconds at Onagawa. The
torsional oscillation model (namely, the plasma-sheet model) that an odd
mode hydromagnetic torsional oscillation of the contracted dipole-like
field-line that was excited by the distant plasma instability on a tail-like
field-line is applied to explain the mechanism of the Pi2. The tail-like field-
line whose apex was at > 16.4 RE is assumed to contract rapidly due to
the instability to the dipolelike one with the apex at 9.2 Rg. The period
of 140 sec of the same Pj2 event observed at Jikiken is interpreted as a
transient hydromagnetic surface wave excited secondarily on the plasma-
pause, This mechanism is discussed in comparison with the Pg model that a
hydromagnetic surface wave on the expanded plasmapause excited by a
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plasma instability on the plasmapause is observed as a giant pulsation in

the auroral zone.
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substorm TdH % &9 DA mini — substorm TH 5.

Pi 2 DEWE ORI TRELEAD—DI3, ZDHIEH auroral oval T 1st peak 3H 0,
plasmapause ff#Iic 2nd peak H B LWV H T & &, HETRIBIED SEZE I, TH
#7E Pi2 APRADPEEL THELENHT L THS (B2H; Saito et al., 1976 ; Saito,
1979). CDRIEDVWTRBICBATRIBERNDP OSEHRE L > Tieds, REZHKHET
BA# = 1172 International Workshop on Selected Magnetosphere Topics @summary & L
T EOS icHE SNz (Russell, 1979) TELRELABXICEALTVWEEEZ LD,

22hLT 23h ooh oth
) A s
9 H a
ul D S
™ <
L Lz
g L o o
2  3huT 14h 15h i6h
DEC.11,1978
™03 387 60° 62" 63" 667
(& Q
102 >
> DEC.11,1978|
= v w
m N
Z \ x
w -
o \ ¥
glo' b -
@ e -
5 DEC.12,1978
w
o | OYA.etal.i978 I
|O° | |
4 5 6 7

ngg'L g Mg "I
<'8 QTTQLQQ‘_zOY

2 4 6 8 10 12 14
DEC. 1978

BIK “ULxUJA” iIck->TBAIS /- plasmapause Dprofile &
ZJNTERl &S 72 mini — substorm.

This document is provided by JAXA.



19794E 10 A FHMERES 743

2. Dec.11, 1978M mini —substorm

mini — substorm {3, 5% THH S RHEN TS (Saito & Sakurai, 1970; Saito,
et al., 1976 ; Sakurai & Saito, 1976 ; Sakurai, 1977 ) 43, % O & &K LLHD—
oM LETA” BEORAdiIcBAlE . 53 KES)IHESKERFFO fluxgate
magnetometer TERIE N7 D mini —substorm Th 5. Kic;RE N B8kic 1355 UT
Pk, BRZLKETAHGEZIZEAERDONT, H—OWBEEETh 5 R~ 220
PoRERRES, EBRIE (Pi 2;40~150%) 220 sBRAICERT 3K 5IF
Pi2 TRIEV. ZhicdDhrbH 59 130 55m UT »ohE 5 ZOHRIT * BN 1K
k7% mini— substorm TH Y Pi2 THBE VWHDHBEADERTHS. FIXTFIF 1978

REV.242 gohf

®4K mini —substorm BSRELIEED *UEFA” OB
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12 BB D Ap index 7R A3, T D mini —substorm (& Ap DD CEERS A~ 5 H
Fen o BITREEL, Kp=0, &V ) BBIRETIE > 7o AT & IEICERBEN S mini —substorm
Thb. LrbZoBRROEEZ/-HIL, RFE, (1978) Ik~ T ULEA” KB} 5hE
BIER (SPW)MfThhicds, TORREIEINPIcRTTEL, 11 Hick 5 plasma-
pause latitude (3 66. 5° LI L, BIH@EE D auroral zone X O S#EE TdH D, plasmapause
BREICSNLE > Tl 0 ) BHRENEBRRIREBICRELILDOTHS.

Z @ mini—substorm M X 72D UXxHA” OMNEEZFE4XKIKRY. L =615
Lk - 72 plasmasphere M F XiT% @D plasmapause ffdLic UxidA” FAEL, local
time TI3 21 B meridian fIFICAE L TW3. ZOBOLNERFRIE, 1ZEAL 23 B
meridian LOAEICH 5.

CUEDA” THRISN/: space RIGEE & LITHRAS NI ERISEEE A2 X <7 b
IR 5 LB XDkiciE 5. FRA “ CXxHA” , FUDLID frequency versus time
@ mini—substorm M dynamic spectrum T&H 5. &9, &)l data it DWW THBE, ~220
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D signal A5 mini—substorm ® H 3 & (ZBAGR I 10 Fefd] S EFEANICH TV 585, T h
I3 satellite @ spin ICBAET B artificial 7inoise &EZX 5N 3. &5 —HD mini—substorm
WRhic 2 g & 72~ 140 B @ significant 73 signal i3, #i k& AWKV 72D —FH L T
5. 5T, TO~2208&~ 140 BORIBEEENT, AiEH auroral oval shell ki) &
SNFBET, %EH plasmapause DFI T RIICHIES N EBRENSE. £AT
“LEUGA it} 5~ 220 WOFDEFE, artificial noise ILL > Tid->& D LIV 25,
—RR9IC space TORIEZH) T equator T ~0.5 Ry D shell iT localize ST\ 5

( Hughes et al., 1978) OT, “ LEJA" TLO~ 220BOESBRS A TR &b

FRFUCF IS,

3. Pi2 model
AT T <7z 22080 & 140% &5 double peak DERMIEL W E S D, —ED Pi 2
ICOWTHER T 5. #6Xid, Eastern Canada (Fukunishi, 1975) & England (Stuart,
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1974) DHl % D chain station TEHRIL7-, BlZDHD Pi 20> L — it} 3% pover spectral

density DM Z[E—DEERTEXBE LD THS (Saitoet al., 1976). HHEE HA
B T/RYHRIZ double peak BEEL, LrbENEND peak D [ —flicstd 324kid, 56
XA/ DRRICHI /I T maximum 275 3 875 profile 2R L, EEEERID peak 43 auroral
oval shell ETHEx /i, EEEM D peak 3 2 IREJIC plasmapause 138 TR &
e EERE D (Saito et al.,1976). #->T, H5KTRE N7 double peak DEELEIR
Pi 2 amplitude @O latitudinal profile & —% L, X, Kp=4+ D& XiclkxTESED
mini —substorm ORRIC Kr =00 D& X3, BIESNAHNED L — Bl KX VWHic
shift LT, #NENh~2208 & 140Micib2 L6202 HH->TWV 5.

Z L TIRITT D double peak DAMEMKEKLTHS. Pi2 model 28 7RIiCRTH, Z
@ model Tk % EMSEET X BRI & 11T substorm »3F4d 3 &, auroraki
F & 3kic Alfvén wave DSBETIER A IR > C 0 Mo SBIREREE % T L, #1E T auroral
KRUGULF substorm @ onset & L CEHEIEN S, Alfvén BIIBISRBHE CREI N THS
MIDVICBUBSEICR 30, 0L xHKBEROBIIZERC tail-like (0)5>5 dipole
—like (6)iICZALLTHBY, (6)Ddipole—like IC75 - -/ 1#8 LT Alfvén mode D
standing oscillation 2EiEE N 5. —7F, KT plasmapause ¥ T & standing osci-
Nation BSEEEX 115 (Saito, 1979 ; Saito & Yumoto, 1979). “UXFA” It k B HE
#lill data it & & DT, plasmapause @ latitude @% 65° &L, WD apex T D
radial distance Ry, #5% B, RU density Np% 5 8 KRR ELI-E %, plasmapause
BT Alfvén i & % odd mode standing oscillation OE I 140 &5 3. —4,
auroral oval D% 70° E{RE L, uppropriate i R, B, NOEAKEST 5 &, odd
mode standing oscillation O E#ix 220 &2, DlEDC ERE SR TRENPIi 2D
double peak DFET HEREEE S5 HATE, Pi 2D odd mode model HSIE LW C
EERB LTS,

’

FTTX Pi 2 model
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8K Pi2 model iTd &V EOIAE

4, FiEREEEE

“UEJA” THABBDIERD CERENLEAREPI 2 pBRIS O, 2 oRIER
b5 ORIBZEE)I, substorm DFB/INRA (bay component %iFEAEEEY, Pi2OH
B 5 i3 AH L7 long—period Pi 2 721 @ substorm) %7~ 9 mini — substorm T& % & ¥
EE&Nt. TORIT substorm DFRE $F X % mini —substorm %M L 7R, ROR

Y Y (R AR pd
(1) 8L, X=—RDHETX —type neutral line K & H, inward flowicL->T ¢t #

#ic X=—Re DHEZ T field line BHEE - ERET 5 &,

t=2(Tos / 4)+ 2t e @
MEREREa LT B L,

t =(R—Rp)a/Vyus e ®
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BIKDPO Vops = 300Km/ s &L, B8RS Ro=9.2L95&
R=0.0471¢ +16. 4

t"=(R—Rp)a/V,(V,; Afvén #HE )>0 DT

R>16.4 Rg THRONERE S, BlH substorm %2Fh#Ed % X —type neutral
line DRELHIE, B/NRA substorm it TIE |X| > 16. 4 Ry TR 1L
DIV (EBITRR)THERNBBRIZX =-20R; BEDEAEEEEZONB)HEST,
BRI substorm BWTIE X =-5R; TH 5 ([F4, 1978) &\ il
HEbbes e |X| O#HAIS5~20 Rz K50 T, X=—15R; LW HEIEBHLI
KD oL S, DT & EIFIZIE OPEN-] O#LERE (K& FEH, 1979)
EVH BAMEEICBEE L TOREEERHERTH 5.

(2) substorm 2344 % & magnetotail ORESIEREDIEE, tail —liked» & dipole—like iC
EHE0WHTERBELI »SEZLZ SN TV ( McPherron et al., 1973) 45, #DH X
WKDOWTREBEAEHSNT WD 572, L LAEIO mini— substormBDPi 2 D
B, ORICBVTRIC R=20R; EVWHIREBEERELE LTS ¢ =230

DI SV, —7, BARFICE W substorm ITBWTIE, X=—5 Rg * Tops = 40
B Vs =100 Km/ s £F5L, OOR»5

Re =-0.015¢ + 4.7

18D, RITR, =4.5 Ry EVH/NSHREERRELTS ¢ =31RIcBE3V. A5,
SRIOWNFERD 59 5 & tail —like OREAIBRIZED 0.5 ~ 4 FFEE T dipole—likelT
i - TR ThER SRV EVIFERPBEHINAK., 2D & substorm
DOKELEZ 5 L TREERLFEHRTH 5.

(3) plasmasphere 3~ 6 Ry i3 nbici3enEcid 1 v AMEMNEL TS (Carpe-
nter, 1968 ) & &N TX7:H%, 4[EID mini —substorm OEFEERD S 1HBRTHSY

THHLEPEREEIN. X, SEOBRERIE SPWOEBRERBELL -7 &b
Bfto 5.
(4) Pi 213 plasmasphere DWI7Z 1 TEHRAISNAEHRTH O, ZDABIDFFIT aurora

KFHEED CORBTHE, £< noisy 75Pi XHABMES N TP 2RO REAELK VL E W
H A, —ETHEARORIMBLONTE LD, SHOBETICL>TSH, Pi 2Dmain
source {3 midnight auroral oval kit % &SRR SDFKAZ D3 (Saito, 1961;
Saito &Matsushita, 1968 ; Saito & Sakurai , 1970 ; Saito et al., 1976) AIE LW
TEAEIEL .

(5) Pi2 i3—ficEAYTH O , # > T T station distribution DL induction
magnetometer T LD>ERIHK D - 7o Bic, Eicworldwide BEE D/ H38H S i
AN EBEETH -7z, LHLESHED Pi 2 BT, ordinary magnetogram THR
Bt cx 2 RAWHERLTH D, LHH noon meridian iICHL auroral zone station
TdH5 Kirna Thb~4 nTREEOKRIETEHA SN T3 (Kiruna Geophysical Data,
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1979) £ world—wide KRR TH 5. #t->7T, P2 (FHc/FRK Pi20D) HEIFH%E
W4 3 ETh, SEEHL7Pi2 3B CTHERENIZREN event Th 3.

(6) TOHXTHIK - 7-I&kEZ, distant magnetotail THFLE L 7 plasma instability T -
L 0 Zk i plasmapause TR XN T, ~ 140 sec D kEHS plasmapause TEIHI &
NI LR U, & T ATdistant tail TR Lic, A plasmapause #% T instabi-
lity 234 UC, JEH# T sinuoidal #ZfkE%3 plasmapause latitude FED A THRAIZN
5EVHOBBNEZONS. 1930 15, Rolf, Sucksdorff, Harang, Annexstadt
FREVEELOREVBINTVRiICd D LT, ZOBENIEHSILTHIIL.
giant pulsation (Saito, 1964 & 1969 ) 3 OREHERIC LS EEZNE, giant
pulsation CBE4 BIRDEIRFEFEH S %  FAHRKS.

(A) BRlsn 2 RE L 100=50sec TH 5.

(B) auroral zone fHEDHR ROEEEHH (~+ 6°) T Lz’»ﬁﬂ@ﬂ‘ént\b\
(C) BIEIs#D T sinuoidal T, % dDenvelope (dshuttle type TH 5.
(D) sunsport minimum plase @, HIESEREFICOLEHASNS.

(E) #QHEDOFAESFEE I 1 ~ 1204, KRIEE~1072T TH5.

(F) substorm iZ{d associate L7Z>,

(7) BE8XD curve iICBF B AL, Kp DK%= 783 & plasmasphere DINHFET 5
DTETHCBHL, {t->TK, ~9IREEDK storm Bricid, DEEE oM~ 1Q B
FEE D torsional mode OFENER S N5 alREMEDH 5. HAT aurora NEIRIl X v 7
T & TELTE Sept. 13, 1957 KBEKHE D main phase T, 1050—1640UT iz I ¢&
REnt- 3 ~4@@ﬁ)§]@ Pc H% (RISRJ, 12, 138, 1958)%, Sept. 23,
1957 KK E D main phase T, 0805—0920 UT ikl cBAlEh7-EAHH 6 ~9#
DAY Pc BRI, SHNAEO ORES L, COKREKRBICLIbDEEIONS.
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