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Study ofa Substormon Xlny--{. 19S6
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Abstract

.4 m,tbstorm on May & 1986. midway ~!Irouqh Ihe PRO MIS mmpakn t~f coordinated dtta

acquisition. was uniquel.v Al tiocumenwi. !mth in its aspmts M cmrth A in its magnetomil

aspects. The ●xpansive phase onset was imaqed by thc \.ikinq satellite at 20 . cond time resolution.

l[wt of the ●xpansitv phase was also ima~d by DE 1 at fi-minute time resolution. ISEE 1 and 2

were near the tail’s axis 18.5 ~E from ●arth operttinq at high data rate and data wmre recorded

by several ~ynchronouc satellites. This multi. sateUite study provides evidence that the active

wbstarm ●urora occurs at the feet of field lines that map to a maqnetic .X-line in the near tail. The

!ongitudinal mtension of t hc aurora duritm a w bstorm i~ associated with moss-rail Icnqtheninq of

Ihr near.~ar[h neutral Iinc. T}IPrnnrcpt of IIW‘poiuward Icap” I)f IIw ;iuroral dectrojet fand the

;Iuroru I as the culminating featurr of tho mpansivo pim.se tind~ furthrr suppnrt in these data.
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introduction

The discipline (~i marmctos!~imric !~llysics has ~mw-n. i:l imw parr. !_mm nearl!- a rencury ot’

I’tforl ~o understand Iirst IIw aurom ~l:l(i. ~ii:i’r. :::~lml’r:: -:(rm+ ,1:111..,. -,.’~.lqcros[~ilcric wbstcmms.

our ?resen[ und@r5~andlIlI! UI lh~m~c •ubh’~!~. ;J~rllC!lhr:V ill ‘llh[t Jrtll S. ‘.vas maue possible by the

advent of space research which rdlowwi r !W Iiixovery ni Ihe magnetosphere and the solar wind

and led to the recognition that substorms are ~pisodic releases of magnetwphmic energy earlier

acquired from the solar wind. Subst orm research has prtxressed to a large wttent by correlative

studies of substorm features measured al wwth and plasma phenomena me=ured in space around

the earth. Even with todays diversity :lnd sophistication oi capabilities (or space measurements

with sateUites. the substorm phenomena at earth conrinuc TOho a focal pwnt for substorm research.

Thus the capability of picturing the witire auroral cm.i on a few-minute Iime scale that has been

afiorded by auroral imaqers on the DE 1 and J-iliinq satellites (Frank cl al. /1/: .-hger et al. /2/)

represents a major increase of potential for studying substorms. Dut utilization of this potential is

still at an early stage. and cxploitatiGn of the full possibilities will take many yars.

During the sprinq season of 1!)96. the unprecedented situation existed of the two aurord-

imaginq satellites. DE 1 and ~.ikinq. operating concurrently and the res~arch satellite pair. lSEE 1

;md 2. operating in [he mam-mlotiail to distances of 23 RK from Earth, There were also other

+atellites operatinq in the mamtctosphtv~ imd the solar wiud, SO renditions were uniquely suited

[or major correlatit’e studies involving data ;wquisitinn tmm various pointfi in the mimnetoaphere

~imultwtmusly with imaging of the auroral uval Ior both auroral ovals. since DE 1 and Viking

were imaqing th~ tiouthern and northern hemispheres, respectivdy ), In rrrognition of thin unique

opportunity, a program. Polar Ileqian and outer Jlagnctrmphcrp llllcrnational Study (PROMIS)

waa instituted whose emphasis was on maximizing owrlapping optwationg of the various satellites

to provide a maximum amount of simultanmmk data.



Observations

Figure 1 shows 11. and Z-component n~agneloarams from a chain of ground stations in the

Alaska sector of the auroral and polar rap rwzion. These stations wwrc near 2400 JILT. Onsets

of negative H-bays are seen at 11.5.5I-T ill .\nc-horaqe. Tallieetna. and College. The Z-component

went negative at +nchoraue and posi[iw at ( .cdlege and Ft, }-ukon at 1135 [-T. indicating that

the substorm westward electroim was initiaml :It latitudes between ijl” and 6.5°. perhaps near

Ta.lkeetna which showwd lit de Z-de!lcrt io~. l-imtr~ 2 ~hmv~ ~~icctron data irom rhe Los Alamos

Charged Particle .Ana.lyzer on geosynchronous sateUite 19%1-129. which was nefir 0130 MLT. There

was a distinct change of character of the electron flux al 1155 UT. with the more energetic electrons

rapidly decresuiing in intensity. The combined qround and satellite data suggest the onset of a

substorm expansive phase at 1155 (~T.

Figure 3 shows a sequenc~ of 16 northern hemisphere images from the Viking satellite from

11.53 to 1223 ~T. \.iking was actually recording In image every 20 seconds but we show only

Overy ~ixth imaqe. The image at I l% I1!I[.T show-s a localized brightening of the auroral oval at

*ZOOONILT t hat ]atcr +Prcads O;M1;Lnd west along Ihe owd and vxpmds poleward. The imaue

rakcn lo seconds ewlicr showc[l no sll~h hrightoninzm so Ih~ \“iking images place [he substorm onset

Iwtwen 11.5259 (.T and 11.531!)[“T,

Figure d show~ t hc .\L imlcx for the in[vrwd I IJO-I.100 [-T. Ilelow Ihat is a Requencc of

;ewmtemi &minute images cd t hc southern polar rrqion takcn hy DE ; from 1202 UT t hrouqh

1345 !-T. Each image is cnnmrcd under the (i-minuto time intervnl during which is was accumulated,

Delow the images is a plot of th~ IIUXof 27 :1:)krV protons mc~urml with the [ultra Low Ihergy

(,’barge ..\nalyzm I l. LIX”,\ ) ,m lS1{E I ( l[ovwnmlt f r d, /:1/). lSEl! 1 was mmr [he I,ail min about

I%.3I{F frcm ~arth. IhI Ioratmn is givrw undm Ihr swxmd prowl (II I“itt. I. “1”110hollnm pand Nhows

Iho I;ltit udo of tho polvwnrd ilUtY)Rlj I)lmnfl;tr~ nt 2100,” ()()(1(), ikn~l 03(10 \l L’r,mc;wurcd 011lhc I)E I

imwm using rmuputrr t:raphics wIuipmont [hwwl(q)mi ft~r t his pllrp(]so I)v Iho [”nivortiit,,v ()( lows,

.\lho +how’n is 111Pprolt’rli(m It) Iho ifmusphvr~ I)( 1S1’11[I .LIOIIKlivid Iinm Id’ Iho maqlthsphcrr



The proton tlux at lSEE 1 I seconu pimci oi Fit. ; , iii[i nor -how iin~ el~ect of [he substorm

onset at 1155 UT. There was a signiiican[ drrm of fiux at 1200 [.T and Ihen. starting at *1217 UT.

a major decre=e of flux began. cndin~ :L[ --1222 [“T 1:1a reducrion 10 less than one percent of

rhe pre-substorrn intensi[~. Figure 2 ‘hews Ihat synckwmous satellite !!)S-1-129. M *0200 MLT,

recorded a sudden drop of electron ilux from i~ !5 10 lU!7 [-T ana then a large increase from 1217

:0 1201 [.T.

Figure 5 shows Iatituainal contours of auroral intensity at 2-minute intervals aL the 0200 MLT

meridian. These were derived from the \-ikina images in Fiq. J using computer techniques developed

at the University of Calgary. Although there is some variation of the profiles through the first six

panels. there is a major chanqe in the seventh ( 121121) panel —that is. the appearance of the narrow

spike at about 63° latitude that siqnifim the arrival of the eastward-extending substorm aurora at

the WNOMLT meridian. Latitudinal protilcs me~ured at other magnetic local times suggest that

-he aurora advanced from U1OOMLT :00330 \lLT in I hr time lnLerval !20322 [-T to 121526 CT.

“rhe aurora thus spread WPI1 into !IIC morning wctnr Imtwwn 10 and Y minutes aftm substorm

nnset, .\t 1217 ITT (? I minuws zllcr subsrnrrn onset I !hc proton tlux ~L ISEE s[arted its rapid

Ilccrease ( the plasma shep[ t hintwd Ihere I find lhc l~icctron flux at synchronous orl~it suddenly

increased [a particle injvctimt occurred IIwrc ).



Discussion nnd Conclusion~

a) The expansive phase onset. seen in the \-iking images. occurred at 1153 UT. So immediate

effect of this onset was men in the proton me~urements at ISEE 1. llowever. the electron

flux at synchronous orbit regis~ereci an almosL immediate eirect—yeaL variability and a sharp

drop at higher energies. Then. about 1N minutes Iatcr. at lQI 12 i. a sequence of events beqan.

continuing until about 1X!. that we br]iew siqniiied an extension of the near-earth neutral line

from the evening sector of the [ail. where is WMinitiated. into the morning sector. The aurora

advanced well into the morning sector [Figures 3 and 5). a plasma injection was experienced by

the synchronous satellite in the morning sector (Figure 2), and plasma sheet dropout occurred

at lSEE 1 in the morning sector (second panel of Figure -1). Figure 6 depicts our interpretation

Oi the events during that 1l-minute interval, We suggest that the auroral onset seen by Viking

at 115J19 was manifestation of formation of a short .X-Une in the near-earth evening sector of

the tail. The neutral line then lengthened caatward (and wetitward as well). its lengthening

marked by lengthening of the aurora around the auroral oval. Reconnection aL the lengthening

neutral line caused lonqitudinaUv progressive severance of the plasma sheet, Fiqure 6 depicts

a time in this process when the neutral line has attained a Icngth whose projection to earth

~x[end~ from 2~0() \[LT to (JZf)() XILT, ..\s it grew, earlier. tttrouglt the 2300-0100 MLT sector

of the plasma sheet it released an .i~]emental””l)lwmoid. .\. at~d allowed the ~arthward collapse

of the sector. Af uf the corresponding cart h. Lied field lines. .lt the time shown the neutral

line has extended to the 0200 \lLT nlcridian and the demental plasrnoid !3 is about to be

released. ,ailowinq tho earthward wdlapstl t)f the Ml Iinlw. II’, The srwtor. (’. of the plasma

sheet is shown necking down iuid wiil soon rxl}cricnce rl*conllccLion u did LIIC mrlicr sectors,

This process may occur qua~i.smoothl~ rnthrr Ihall in inrrwnwtts as ticpictrvl (hr illustration

~mly ) in Figuro Ii. IIr it may ;lrLllall,v progrrvwi spasnlodirally. il{’rpllntin~ for [hc Wmclirnes

spS,SmtMiiCWCLCnSIWl0( the S!lhstorm fiurora ;mmnd the (Jv,al, our (dmvvntions suggest that

.-l



, i j T!,e ~c[lvc Su~SIOrlll ;lllror~ iit.q iL[ I !IC ~iII~Ioi !i(,i(i li:IL*sI hill :II~p II) ii IlliigtICtiC s-line ill the

Ilear [nil: : ii f I~~[ensloIl ~Ji 1!I(I ;lllr[~r:l ;Iiong ‘ tl(’ mwi :;:;llliivly 1!w t’xtmwm f)i I!,c neutral line

;wross the near rail: : iii I In llIe \l,av ;. :!~~ti I’~~111: I,,’ Iwu[rm :Inc was ~’:~rlhwru J lS,,-} R~.

:)I .\rcuruing :,) I!il? -:li)slorm :no(lt~i. ‘!,0 !i!’iir-.’d1:::: ..II!lIriLi II:!l’ -I]ll(ilv:i’: wrml.+ ltown-rfiil

.omc 30 to riO minutes after wspanslvp pil,a~e onstv. l.:lusin~ :1ru[iilinw It hiclicningj of the near-

earth plasma sheet [Hones /.5/). This is accompanied ot earth hy an accelerated poleward

motion [a poleward leap) of the nuroral dcctrojct land. presumably. O( Ihe a.urorzu (Hones

et al. /6/; Hones /7/). “Nle events on May 4. IW6 from + 1308 [-T through -1340 CT are

consistent with such expectations for the substorm “s l~tr phase. “rhe .4L index (and negative

bays at midnight auroral zone stations I Imzan 10 subside aitcr 130S (-T: magnetic effects of the

westw~d e]ectrojt=r !)eqan 10 occur nt Ilighcr la[i[udc stations after * 1320 [-T: the auroras.

over 5 hcwrs of MLT. wivanced poieward with increased rapidity after + 1320 UT: and the

plasma sheet re-enveloped ISEE 1 iLL 133.7 [-T. T!lese things all occurred in a +25-minute

interval that started about 73 minutes after the substorm.s onset and seem to have marked

the beginning O( the magnetosphere.s return to pre-substorm conditions.

Acknowledgments. \\’e thak J. 13irn t’or helpful discussions. \\’e [hank Xfs. Rat~ Dvosk~ of the

1.niverslty oi Iowa for hcr hc]p in complltor analyses of [he DE 1 imatys, \l’e thank Jo Ann C,

.Iwelyn and L. l). Morris of S(),\.\ for providing Digital geomaunctic data from the .Wskan and

East- \Vest magnetometer chains. .\t the l-nivrrsity of Iow”alhis research was supported by NASA

Ilndcr grants X.AG3..lN3 ;uld NGL - IGOOI-002° and by IIIC ollicc of Saval Research under grant

XOOO1-I-%5.K-0404, The work al I.os .Alamos was done under the auspices of [he [-S, Department

i~fEnergy with NASA support umlcr m.tcr numkr S-.WI12-I3.



References

I[mi~a~jlt,r.~ili~ R. I.. [’,a,roviihno.. . i. .1. Frank. J. D. t“ravm. K. I.. .Iciwson. !.1. 1{. Il:lglisil. il. .
. .

~“?. .Sc.i. Xnslr.. 5. W) : 19.S1 I,

.1-. I “. D. .\nger I f d.. (;tif)phw. ;J( .s. i. I It.. 14. :;17 I!)*7 I.

3, D. Hovestadt ct nl.. IEEE Tmns. tJn (;ru.mcrt(~ Elcc[ronms. L“iE- IU. U13 I 197S).

4. S. .4. Tsygs.nenko. Planet. Space S“ci.. 35. 1347 i 1!)S7).

.5. E. W. Hones. Jr.. Space Sci. Rer.. 23. 3!33 ( 197)).

6, E, W. Hones. Jr.. T. Pytte. and 11. I. \J”mr. Jr.. J. Gtophys Rcs.. 89..5471 (1984).

7. E. W. Hones. Jr.. J. Geophw. Ilcs.. 90..3333 ( 1!)%).



Figure Captions

Fiq. !. 11- and Z-component :mqnctomams from “.c*VPr:,i yi,l[i OIIS 1;. f SW .N,aka scclor for 1130-

1500 ~T cm May 1. !9s6. ‘.”Prticai d=hmi 1:nus . :mrauuilli:~ :iuurm mark limes of special

significance that are mentioned ::1 I II(I II~xr,

Fig. 2. Electron count rates al energies qreacer Ihan 30. +3. Ii.%LJ.5.i-10 and 200 keV meaaured

between 1130 UT and 1500 UT on May 4. 1986 with the Los Alarms Charged Particle

Analyzer on geosynchronous satellite l!)S4-i X). The local ~ime of the satellite is indic-ted

●t the top.

Fig. 3. Images of the earth’s northern poiar rqion showinq rhe evolution of the auroras during

the May -1. 1986 substorm. The images wPre recorded. mch in one second. by the Vikinq

satellite in atomic oxygen (01) 130.4 nm emission. The dawn meridian is toward upper right

and the du6k meridian is toward lowvr left in each image. The 2200.0000. and 0~ MLT

meridians are drawn in four of the images.

F@. 4. Data for the substorm on May -I. 1986.

Top panel: The AL index.

Auroral Imaqes: DE 1 images of the southern mworal zone as stm in atomic oxygen (01)

130,4 mu emission. The dawn meridian is toward the upper left and the dusk meridian is

toward the Iowr riqht in each imue. The width of each imaqe is equal ro (i minutes on

the horizonml time scale of the figure and each image ix centered at the mid-time of its

6-minute accumulation interval.

Middle panel: Flux of ?7-33 keV protons measured with the ULEC.\ instrument on lSEE 1.

The location of ISEE 1 is given undcr this panel.

Bottom panel: Latitude of the poleward edqc of the nuror.u at 2100.0000. and 03(NIMLT.

determined by compu Lergrwphics analyses of the DE 1 imaqcs, Also shown. by the straight

long-dashed line. is Lb. latitude of the fOol-pOiILL of Lhc Iicld Iinc from ISKE 1 fme text 1,

The XIL’i of Lhe foot-point is ~iven cvmv hour.

1H:. .%Latitudinal profiles of auroral intensity along tt’o020(1 XILr meridian, dcrivd from the Viking

images. The smoolh curvp is the romputm-dmivml Im.ckgroundintensity IwPI. The ordinate

scale is in numbers of rnunto pcr pixel.
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l% 6. side view and top view of the mamemspnere iilustra:in~ 9!,e proposed e!fects of progressive

hmqthening of the near-earth neutral line xi~er its ini[i,a.i flmmation at fhe onset of a substorm

,~~pansivephase Isee rext’.
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SATELLITE 1984-129, MAY 4, 1986
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IATMJCINAL PRWILES OF AURORAL NTENWY AT 0200 MLT

VKNG AURORAL WAGES, MAY 4, 1986
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CROSS-TAIL LENGTHENING OF THE NEAR
EARTH NEUTRAL LINE DURING 5UBSTORMS

SIDE VIEW OF MAGNETOTAIL
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