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POLEWARD LEAPING AURORAS. THE SUBSTORM EXPANSIVI AND RECOVERY
PHASES AND TiE RECOVERY OF THE PLASMA SHEET

E. 3. Hones

Loa Alamos Nationai Laboratory

ABSTRACT

The auroral motions and geomasnetic changes that characterize
he suustorm 3 expankive phase. maxymum epoch. and recoverv
nliase afe discussed in the context of :heir possibie associations
with Lthe dropout and. especiallv, the recoverv ol the maznetotal
piasma sneet. [he evideacs that there mav be an inordinately
sudden large poieward excurmon or displacement (a poleward leap)
of the eieccrojet and the auroras at the expansive phase-recovery
phase transition is described. The close temporal association of
these signatures with the recovery of the plasma sheet. observed on
MARY OCCALOnE. SURKESts & causal relationship between substorm
maxmum epoch and recovery phass on the one hand and plasma
shest recoverv on tte other.

I. INTRODUCTION

In an auroral substorm the aurvias move poleward dunng the
nxpansive phase. reach their highest latitude at the substorm s
maxumum epoch and then retreat equatorwara during the recov

»rv phase. In the Accompaaving magnetic substorm auroral zune
negative masoetic bavs (or the AL index) deepen during the ex-
pansive phase. reach a maumum depth. and then subside during
*heir recoverv phase. [n the magnetotail bevond about 13 Re
the piasma sneet siddeniv thins near the onsat of the auroral or
inagaetic substorm. remains Lhin througa the auroral or magnetic
»xpaasion phase. and thea thickens (recovers) near the peak of
the auroral zone bav (near the maxumum epuch of the auroral
+ ibstorm ') What are the causal relations among these various as-
i etsof asuostorm! The pear-earth newtral ine t NENL) model of
«ibstorme deacribes the expansive phase as a set of consequences
of a release vl stored magnetotal energy by m agaelic reconnection
atl a near-earth neutral line (the substorm aewtral hine) formed in
*he plasmash =t at =1pansive phase onter. But the modcd provides
no description ol how the expassive phase shouid end nor ol how
or if ) the magretasphere tegal -3 its non-substorm conhguration
dunmg the rerovery phase. Observeiionallv we xnown that the
plasma sheet reils with plasma Howing rapidly sarthward from a
Jduwn-tall wource and an interprelation ol those obwrvations has
the subatorm s heatral hine eciesating down tail and acting ss a
site of earthward atcejeration of lohe plasma.

I'he auparent aear coincaence be soep the rerovery of (the piasma
‘hewt. the peak ul Auroral 2 ine bave, and ths manimum epoch ol
'he auroral substorm suRgesis that they are causaslyv ielated. all
MAVIAR some At ol tonPeraLIVe rais n returming the (i .Asto
prhere 1o its non substorm state 1 Ys paper reviews some ot
he research that ied to Lhe rerogaLion ot these rrighionships aid
NERLIONS WINe BPPMINE Viewe

2. THE SUDSTORM'S EXPANSIVE PHASE,
MAXIMUM EPOCiH AND RECOVERY PUASE

\ pnmary teature of the auroral substorm 1s the dvnamics of the
Auroral arcs which 1s manifested particuiariv in vhe fast poleward
motions of the arcs dunng Lhe expansive phase as they creats the
auroral bulge that can reach poleward o 80 degrees latitude in
tiroes of 30 minutes or s0. These numbers imply an average pole-
ward speed of about | km/sec. but instantaneous speeds rangiag
up to 10 km/sec have been inferred. e.g., (rom short-lived spikes
of auroral ionocspheric absorption measured with narrow-beam na-
tennas (Ref. 1). These (ast poleward motions of the auroras during
the expansive phase are not £ x B/ 8 dnft motions {which would
requre an eastward electric field. E. in the ionasphers) bat oceur
even as Lhe 1onospheric field. which 1s westward during the growth
pi.ase preceding the expanmuve phase. remains wesiward (Ref. 2.
Ref. 3). That ia. the arcs advance poleward through an 1oncsphere
piaama which is lowing equatorwa:d. It s hvpothemized in Ref. 4
that the poleward surging arc mav be connected t0 An acceleration
region in the plasma sheet. ¢.q., 2 magoneuc neutral line. that is
moving taillward and thus connecting magreticallv with increas-
ingly higher latitudes. 1 Note that .he neutral line newd not be
moving tailward. The prasentlv more acceptable picture. as we
shall see. nas the neutral line neariv stationary some distance tail-
ward from Earth throughout the expassive phase and field lines
from increasing latitud=s being convected into the neutral line by
the verv electnic field that 1s converuiag their fret equatorward
through the ionosphenc plasma.)

Figure | 13 vhe classical schematic representation ol the evolution
»f the auroral substorm 1 Ref. 3). Staruing with brighteniag of the
most equatorward of pre-existing arcs « [11. the bulge of bright au-
roras spreads poisward rapidiv (' and 1)) duning the expanmve
nhase. ['le poleward advance does not proceed smoothly, as cae
might inter from Figure 1. bhut rather procesds as a sequeace of
impuinive sisctrowt intennifications. rach intennfied electro ele-
meat Ising typicallv to the northwest ol the previous one ( Ref. §).
\fter rompietion of the expansive phase the recovery phase bemne
' £ and Fiduring which auroras stractures move back equatorward.
1 he end of the expansive phase 11)). when auroras have reached
farthest poleward, has been ralled the marimum epoch of the sub-
storm (Refl 7) and 1t is sometimes chararietized by .he pres- nce
af & bright auroral nhhon st high latitude. w=parated (rora the
inadm bodv of auroral eminsion by a non luMIROUS TAQOR 'nal Caa
e quite wide  \n evampie of such & maxunmum eporh patlern s
shown in bimure 2, taken Irom Hel 7 [t i animaae tom a DMSP
-alollite  \iso slown are supnerposel aurotal 2one MagREloOfTAMS
H ot \ \numponentt showing the geamagnetin Ggnature of the
ubstorn that atarted at about 200 41 Sate | he AL ang Al
nilices are determined (rom the yprer and lower envejopes of surh
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Figure . Schemauc diagram to show the deveiopment of the au-
roral substorm | (rom Ref. 3).

indicated bv the arrow with the orbit number 1100. Note that
the magnetic ngnature of the sudstorm comprised negative bavs
al some stations ( those near magnetic midnight) which deepeneu
rather rapidiv and then begas Lo subside about J0 minutes iater,
shortly briore the imase was recorded. In substorm research it
15 usuallv necessarv to use geomagnelic records such as those in
Figure 2 to 1dentifv the occurrence oi substorms and their phases
hecause the global arrav of magaetic stations is quite dense and
their recordas are contiNUOMS: IMAKEs Of AUTOras irom the ground or
from satetlites. on the other hand. are much lcss reagilv avaiiable.
U'hus it 1» customary 10 identifv the expansive phasa ol a substorm
aith the drepening of Lthe negative oavs at midnight auroral zone
Jations and o reier ta Lthe subsidence ol the bavs as Lhe recovery
phase ol the suvatorm. Figure £ illusieates that there 15 uncer-
*untv in this procedure of ideatifving auroral subsiorm phases
from (heir auroral Zone magnelic signatures alone tolten the oniv
recourse one has). ['or example. does the begianing of auroral
sone bay subsidence really correspond Lo the maumum epoch of
*he auroral n'ibstorm and the beginning ol its recovery phase. or
‘lves the beginning ol auroral zone bav subsidence ngnify. instean.
that the aurorai buige and 1ts associsted 1onospheric currenta are
advancing prieward bevond the range ol the auroral zune mazne-
rameters’ \What s the history of the bright poleward are! Did it
move piieward suddenly (1 e . leap poieward) froni juwer (atityde’
Did 1t vist appear theee! Or 1y 1t the remdual of the poleward
horder of the auroral bulge that has remaned bright or that has
hrghtensd rereptiv’ Doss it carry much current. parhaps current
*hat has teen diverted poleward (fom the auroral zone’

tOLHE MAGNFTIC SURSTORM AND THE PLASMA SHEET

lhe atune concerns aboul the detalied asuridtions hiiween the
wroral subniorm development and that of the magartic substorm
mav aeen tHvial of pedantie, hat thev are aot \ fundamental
hange o magnetotail aliyclure seema to be initiated al about
W8 e of transition (rom Che subsiorm 8 »xDaARNY® Phase (0 il
WONeIS DA 1 LAl LAe subslorm p manmum epoch o |Hos
‘emporal assouiation has been made pHAGPAIY usang the man-
e sunatorm signeiutes jof the reasons mralioned above 1 | iy
hange 18 the repiling or tecovery ol the piaama sheet - -2 « hange

snich represents the terminauion ol the subatorm and which re-
"urns i magnelospnere essentiaily to 11s pre-syostorm state. [t
.s hhelv that the features ol the suvstorm s recovery at earth are
irectiv attributable to the piadiia sicel s recovery in the magne-
totail.

Figure 2. Anauroral arc at the maximum epoch of a substorm and
coacurrent auroral zone magoetic records (from Raf. 7)

Figure J (from Rel. 8) is presented to remind the reader of the
hehavior ot the piaama shest bevond about 15 Rg duning a sub-
storm. This substorm bexar with a sudden onset of a negative bay
At 1112 UT (topi. The bav reached maxsmum depth at 1142 UT
and submded thereaiter. \Within about 4 minutes aiter bay orsat
the plaama sheet aL X 2 -20Rg dropped out showing talward
plasma dow and southward Hz as it disappeared. At 1142 UT the
plasma sheet reappeared showing earthward How and northward
Hz. Note the close coincidence beiween the substorm’s mazmam
wpoch. defined here as the peak of the magnetic hav. and the reap-
pearance ol the plasma sheet. Such coincidences are not rare but
rould more neazly be desciibed as the norm. as was shows 12 &
statistical study of the association of plasma sheet recovery at the
\'sla sateilite orbit (circular, I8 R, racius) with the gromagaeuc
siguatures of substorms. llumes et al. (Rei. 9) did & superposed
epozh anaveis of ihe AL index using the instant of plaama sheet
recovery al a Vela sateilite as the fiducial time. Figure 4 shows
resuits obtauned (or events Lhat occurred when the Vela satailite
was in one of four different ranges ol distance trom the neutral
stemt. One recognizes \he magnetic signatures ol rxpansive phase
and recovery phase. each laating an hour ur more and notes that
*he maumum epoch of the average magnetir subsiorm coincides
sery closely with the tune of plasma sheet terovery, (niispandent
ol dZang 1ot O « [deagl « BRm. Diese reanits ymply that the
«ypansive phase-recovery phase tranmtion of the magretic sub.
Aonin 1 causallv related tn plasma sneet reeovery and that the
plasma shiest supands vorv rapidly (o hail thuhkness CoRp. The
nonidencs ol the auroral gone negative nav s 1hnueht to be duye
" & sudilen poieward duaplacement (paieward Iran it ol he autoral
Clarifo el c urrent

‘n the tontext ol the near earth nevitar an o0 NENLY noael of
nbatorma oe 2 . ol 101 indavidual svants (he anows in Figure A
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V'igure 4 College, Alasha geomaxnenic recora and data trom ISEE 2
furing a substorm on Apnl 21. 197. The ISEE 2 dawa
«nciude H,. the plaama iun pressure and plasma 1on fow
vectors. The ISEE 2 location 1 tiven at the boviom
:irom Ref. 4.

and the averane resuits 1n Figure 4 1mpiv that the plasma sheet’s
recovery I1s a tonsequence of a suddenly inuated ramd tallward
‘streat ol the substorm newital line. .\t the expansive phase on.
.ot the substorm neutral ine, ¥V formein the near-earth plaama
‘heet (] gute 31 \n azimuthal segment of the piasma sheel i
avererd within a low ninutes 1paneis 2 1. generating the large
alasmond that departs down-tail (paneis b Y91, [caving only & vy
‘hin plarma shest 1n its plste. 1 hiis attounts jor the plaama shest
fropont it alter substorm onset  \bouut an pour latet the sub
rorm neutral hne suddenly rushes dowe tal panel 10 and mag
aetic teconnection at the tallward moving nedtral hpe ireatey a
aew budy of plasma hiled dosed Bux tubes (hat rcopstitute the
IARMA airst

v THE AURORAL ~UDSTORM AND THE 'L ASMA SHEET

Yty naturaily of greal integeat 10 learn how anroral aspecis ol
anbatorm are reiated Lo plasina sheel (eroevely  One exinnia
e Lhus (a2, Lthat LAr piaatia slirel /e ADPRATARNL®
ith the maxinuin evedh ol the autorsl sqhstorm
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Figure 4. .\veraged records of normalized AL index (or 8-hour -
tervals centered on times whea plasma sheet expansions
were observed with Vela sateilites in 18 Ry ci~cular, 60°
inclination orbits ({froin Ref. 9).

from an mrcraft Aving a constant local time path over Canada and
Alaska while a \ela sateilite, Iy B in the magnaotall, crossed
the plasma sheet at the same jocal tune. ['wosubstorms occurred
Juring the experiment and. th cacn one. a rapud Pnh\vnd excur-
aion Of AUTOFAS ITOM Am 28 hA® t0 Am .~ 1G° coincided with plasma
sheet recoverv. \l30. newative magnetic bavs began at the high
latitude station Baker Lake 1An = 71°) coincrdent with the two
plasma sheet recoveries. [hus both the auroras and the dectropmt
«xperienced suddenlv.initiated rapid poleward motions (poleward
leaps!) in association with plasma sheet recoverv. The resuius
o Wolcout et al. also tell us something about the nature of the
auroral substorm’'s mamimum epoch and how it is reached. The
inuial brightening of the auroras in therr first substorm occurred in
tha latitude range A = 62° to 63° and within 10 minutes bright
Auroras had spread 10 A, = 70°. Thereatter. for about 73 minutes
bright auvroras prevailed over the iatitude rauge An a 62° to 88°,
Then. within one of twn minutes. cuiRcident with plasma shewt
recovery, the bright auroras appeared poleward of the urplase.
nxtending frcm Ae = 69° to > 73 Thus. this maumem epoch
was not attained by steadv poieward progression of the auroral
bulge, but bv a suaden “appearance of auroras at high poleward
latitudes. 1.e.. bv a poieward leap ol the auroras,

Figure 5 Sthematic represantation ol the vanatas of the mag-
netotal plasma sheet during & substorm ifrom Ref. 10).

Ohaspvations irom the high latitude station Youth ole 1A =

1) have brovided more miormation regarning A\he slation o)
vitoral deveiopment 1o piaama sneey rermery 1 illel |0 Riomeler
neasurements af ~uuth Pole frequeptiy resesimg sddeniv ocour



OOV VSTV CADIGIN DOWRWATU ITOIH1I0WeT (atilude ang pasaine
wep the <tation. A\ CUDErpoNed DO LIV Ol The .'\l HhideX
LAY 0 et evenis. using Lo onseL ol anrorai dDSOMPUION d»
ae pducial ume. gave the resuits suown in Fieure n. [lie auroraa
envest an er sonth Pole very near the pean ol the average Al bav.
s s ey remimascent ol the correiation ol piasma shvet fecov-
rvoana the AL ndex shown i Fiegure § and suegests, of course,
‘naAl Lhe sure of auroras to very nien latitude i» A 10ature of the
‘ADANSIVY DhARE-FACOVOTY phase IFAnsilon and 1s reiated (o the
vcavery ol the pasma snest and Lo the retreat ol - he syostorm
outral e, lortunaterv there were magnetotanl data avanable
‘rom ISEE ! duning part ot the perioa of the Soutn Pole mea-
-urements. lizure 7 -hows concurrent uata trom the South Pole
riometer ana from a piasma iustrument on ISEE 1. boun com-
pared to the magneuc field measured bv a nudnignt aurorai zone
<tation. Substorm onset times delermined (rom muj-latitude Pi2
nuisations are indicatea by large vots. l'lie plasma sheet recov-
wrv alwavs accurs verv late 1n the substorm. oiten &t the time
the pegative hav beqins 1ts final recoverv. And in manv caxes the
south Pole rnometer onset coincides cioselv with the piasina sheet
recovery.

¢

¢

AVERAEE MORMALIEAD AL SN
. . ¢
.'—-v—r'—-r*.;:r-vlr r-

Figure . \verage normalized AL index [or 8-hour intervals cen-
tered on the onset Limes ol N7 South I'ole nometer
nvents {sond curve) and for 8-hour intervais centered on
the same uumes minus 24 hours tdashed rurver. South
Pole was 1n the 2100-0300 MLT range tor ail events

from Ref, 1),

3 THE VIEW PROVIDED BY GLOBAL
\URORAL IMAGERY

[ ha aqvent ot Lime resolved global 1mages ol the auroras such as
"hose trom 11 | and Viking brings a new opportunity to study the
coral substorm esaiution, (o reiate@ it (a) Lo Lhe substorm s max-
wetic signatures and. most inmiportant. to reiate 1t (h) o hehavior
i the plasina sheet W hep satellite measuremonts in the plasma
.heel are made concurrentiv with the rerording ot auroral 1inages.
\pplication ol this new capability to the matters surronnding sub-
torm reemvery, which ate the principal theme of this paper, has
Leon i lere we shall review bristly some resuits relevant to
Al the mauer »*mp'y ol the behavior of the auroaras around the
ime of the maximum epach of the magnetic substorm. o, the
angt of AL ot AL tidex. with an regard for nuter magnetospliere
neasurementy [\ there an inordinately last poieward surge ol the
VIOTAN Bear this Line as the ground obseevations ie 2, | igurtes ©
el o wonppd wnggest ' Tlus matter can beat e addressed uang
DL 1 images e guse sithough therr tume resoiution 12 jninutes)
clonger tean those of Vihing tf nonute), Their smating 1hter
s are onger shesaae of the highet sititude ormty and thus the
Jl lstary of 4 substorm i ollén chcompassed n at Hnage el
SVBEAL catninbin tmaAge aets have hewn pubiished and Lthere ate
Wl g opniens as o Whsther () me ginplasy & poiewars ieap ot
o autoras near eravimum Al
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Figure 7. I'lots of geomagnetic H or X component (solid curves),
South ole JO-MHz riometer signal (dotted curves), and
plasma sheet 6-keV slectron dux (dashed curves) for
I-hour intervals encompassing eight of the South Pole
riometer events. Black dots indicate times of Pi2 puisa-
tions at mid-latitude stations ( from Ref. 12),

November ~. |O81. ['lie iate-svening station, Meanook showed
negative hav devejopment starting about UT(H). lavs began at
Sitha. College. and Great Whale at about 900 UT signaling on-
wit of 2 aubstorm s expasnve phase. .\t about OSAR UT bavs
hegans suddeniv at Fort Churehill (G8®) ana at ths lugher-latitude
stations Daker Lake and ("ambndge Bav. nanifving that the elec-
tropet had suddenlv moved poleward substantially. ( The positive
/7, Lavs at Haket Lahe and ('ambridge Hav show that the mana elec-
troet current did not reach those high latitudes howsver.) Shortly
alterward. at U0 UT. the bavs at the aurural zone stations be-
RAR (0 recover rapidly. ilere, Lhen. 13 another exampie of a sudden
poleward surge ol the electro)et (a poleward leap!) closely com-
vident with the peak and beginning ol recovery ol auroral sopu
havs. ['he DL.1 vatellite recorded the set ol inages of this sub-
storm that s presented in Figure 8 (taken trom Ref. 1 1), llow can
the global view that thev provide augment our understandiag of
'hig particular rxample of & puleward leap of the slectrowt! (This
ovent wan earhier distuaned in this content in Hones ( Rel, 13).)

<sime autoral brightening v weem 10 the hrat image which was
Aarted at U1E U Thereattor, tnoteasing inteanity and strec:
't 1n aren 1n rach sucreeding image. | hon, in the ninth image
arcumuiation interval 0451 0N VT 4 large enhancement of the
stidth ol the aurotai band took place, and this coendes with the
wal ul the Al index. wiich 18 shown briow the ymages. bigure 4 of
el | | shows that the paiewarid hounaary of the auroras advaned
udeward by abont b degrees of maanesie abitude. | hus, in thia
UALANLE 11 wwine appropniate o apeak ul 4 poleward ivap ol the
VITOPAR &L OMNARMVIRG the pojeward [cap of the esctroer s,
o radess s nol cmtgietery s prsing wies 90 s hnown that Lthe
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Figure n. Magneuc records from auroral zone and polar cap sta:
tioas for Noverber 8. 198]1. Lucal maguetic midnight
Al each station 1s indicated by M (from Ref. 13V,

The great ‘alue of the DE-1 images s that thev reveal the large
scale of 1his change. That is. the poleward leap was seen 10 orcur
smultasvousiv over at lcast two hours of local ime ve Figure 4
of Rel. 1 1.

C'raven and Frank (Rel. | 1) examined {ME Jata ovtained duning
'hig event and rciated variations ot IMF /. o vaniations in polar
ap mize indicated by the DE-1 images. Thev suegestea that the
‘emupural sequence ol events displaved 1n this aurorai substorm
AAR Ulldual and causally reiated to svetematic vanations of the
'"\MF direcuon. ['hev axpressed doubt that observations in this un-
wsual prriod of auroral activity support the concept of a poleward
‘vap. sudgesting that the large poleward motions are more reacily
interpreted as the latitudinal motions in an expanstoh phase.

I'hree ot hier unage seauences were published showing s.hstorms
on November 4. Novemoer 294, and Decemoer 2. 1981 (Rel. 1! and
.30 In two of these « November 24 and Decemoer 2) the imavm
.iggent that enhanced polewsrd motion of Lhe anroras uecurred
Juning the unage taken at the peak of the auroral zone bav de.
wlopment 1 one ol these cases ( December 21 the 4-component
inagnetogram irom the midnight station. Tromso. indicated that
poleward displacement of the overhead electroiet hegan jum a low
minutes atter the peak of the H bhav, ¢ raven and Frank i Refs. |}
and 15 argued that the poleward auroral motions seen 0 those
staries were pormal expansion phase falitudinal mouon Upfor.
runatels here was no vatellite 1n the magnetotail durine this 1981
persad 10 1t nughil have been able to determine whether plaama
.heet thimiune and rscovery accompanied thess svents

o WHAT INFIPENCES PLASMA SHEET AND
SUBSTORM RLCOVERY®

“lany prone wonid agree That the growih phase and eypansihve
INASE ol sibstotine ame Tartiy well ynderstaml under 1he genera)
ameanic ot the VENT el (hat i & conbBung o1 oneegy 1nin thes

/g/81

= 1))
ans

Li1=0
“LY%h

- - o0 nl

T oF Pt

Figure ¥. Scquence of I! consecutive (alse coior auroral images of
tha 837.7-um emmssion e of O during U714-0940 UT
on November A. 1381, Upiversal tune tor the bega-
ning of the 12 min telemerening period fur each image
s provided. At the bottom s the AL index with lines
indicating the nnset times and trlemetering perods of
all the iinages (adapied (rom Rel. 1 1),

‘tored eneray by reconnection at o near-earth neutral line (ornied
in the piasma sheet. Bu’ the mode! does not complete the story
by telling us how the magheiosphere returns Lo 1ts non-sudstorm
state, ['here are onlv the observations which susgest that the sub-
-torm cvele 1n cloned by the subsiorm neutral line v retreat to a
distant locavion, ['he retreat couid be inrtigated by a configura-
‘1onal instabilitv internal (o the magnetotail ur by a change In the
nxternal enviconment: northward turning of the IMF has been con-
-dersd an a cause. v test the alter suggestion we have axtended
ouf *naivees ol the South Pole data discussed sarlior. \We found
21 South Pole nometer evens for which there were concurrest
IMP % measurements of the IMF aud we runducied superposed
spoch anaivaen of the AL wdex and of the IMF 7 component.
ARMIN uniiig the mndden onset of nometer ataorption at South Pole
an the fiducial time e resuits are showa tn Ligures 11 and L.

I'he evenis wers anaivied 1n two tandon.iv seierted groups, eventa
I 11l ana 12 21 Uhe Al anatvais in Figure (1) reveais that the
Hometer ryenie showed {he saine relatiohaip (o Autoral 2one ar-
1Y as was loynd 1h the urmlr Serith P'ole event -nmv |I||
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Figure 10. Average normaiized AL index for 8-hour .ntervals cen-
tered on the onset Limes ol eleven South Pole nome-
*or events (solid curve) and of ten further such events
dasheu curve.

average South Pule nometer event. reacned its peak near the time
l the event ana then subsided during the nexu hour. Both groups
-1-11 and 12 21) displaved the same behavior. llie superposed
spoch anatvers of INMF Bz, shown separateiv for the two xroups
i Fimure i 1. exnibit somewhat different vehavior. but neither of-
fers a cleaf indication of a causative influence oi the IMF. This
preliminarv mvestigation does not seem Lo support the idea, for
exampie, that a sudden northward turmng of the IMF reduces the
\nput ol energy to the magaetasphere. caunng the magnetospnere
siiadenliv 1o rejax Lo Ils non-substorm state.

l'igure il. \verage normalized Z,;5a component of the interplan-
»tarv magnetic field for 4-hour intervais centered on the
unset times of eleven South Pole riometer evenia tsolid
rurve) and of ten lurther such events (dashed curve).

T SUMMARY AND CONCLUSIONS

I'hrournont a substorm s expansion phase and into its maumum
wpoch dutoras executs niction that can be ol irreguiar spred but
*hat afe aimost alwave poleward, ['he recovery phase brings a
rovergal ol aurofal motions, turning them equatorward, he as-
oclated gromagnetic signature 15 & suddenlv iniuated rapid deep.-
ning ol auroral 7one pegative bavs which reach a prak (often a
‘harp prani at a time that wems tn he rougply coincident with
the maximum spoch of the auroras. 1 he negative bava submde
toughis 10 eoncery with the auroral substorm s recavery phase, in
‘he magnetotail bevond about {5 8y the plaama shieet thins sucd
tenly witlin & (oW 'minutes alter expansive pliase unset angd later
tichens 1 tecoveras near the ume ot the peas of the auroral zone
AV i siagence of the auroral 2one bavs sseing Lo he ansoi-
ved with a siiden polewatd #xoursion ol the electrowet which has

‘Xpect that the Anroras snonid YNACrEQ o inueWard 104D d4is) 4nd
-ATIOUS OOSCTVATIONS UCSCTIMT 1h TIUs PAper i ate that they do.
it seems uthely ThAt this poleward lean of e ANTOFAS cATRICS Lhe
wuroral sunstorm to ILs maximum epocn.

!t has been argued by manv peapie (e g, itef. 101 1hat the normat
‘notion ol the auroras Lhrougnout Lhe expansive nnase 1s Dolewara
and that the so-caled poieward leap 15 just more ol the same. but
*hat argument 1gnores the truly remaraadie fact that the miual
poleward mouion at expansive pliase onset 1y accompaniei by a
drop-out of tie piasma sheet. winle the nnai poiewara motion.
*he poleward leap. 1» accompanmied bv a recovery ol the plaama
-heet. The recovery of the plasma siicet 12 believed 1o be due
1o taslward retreat of the supstorm neutral line. \Vhv this phe-
nomenon i1s accompanied. at the earth. hv suaden ‘urther poleward
motion of the auroral substorm phenomenon 15 not lully »nder-
stood. It probablv has to do with an imbalance of convection
rates of lobe field lines into the retreauing reconnection region and
of their feet through the ionosphere.
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