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Ab6tract ..

The event. of ?Lqrch 22, 1979 has bekn the object of a

effort as n part of the Coordinated T)ata k~alyeia Uorkshop

CDAU-6. Energetic electron and magnetic f:eld measurement:

concentrated study

activity designated

from a set of four

satellites aligned from 6.6 to 13 RE dt the 0200 LT’’meridian at the CIEWJof the
-.

magnetospheric suhstorm event of 1100 UT are presented.

show that a mgnetic X“=llne fomed spontaneously in

response to a steady build-up of m~snetic stress in the

~ntr~duction..-.— —

Sinc9 th

in 1961 with

Thase data nre used to

the v~.cinity of 7 RE in

geomagnetic tail.

introduction of thk concept af An open magnetosphere by ~~ngey

the requirement for magnetic field merging regions near the

subsolar magnotopau~e and in the geomagnetic tail, the role of rwconnectlon in

the magnetospheric substorm prccasu has been a toric of debate. Dullflay (1961)

argued tha’ if thera

reconnection in the

these two reglono

is reconnection at the subsolar ma8netopauaa thara must be

magnetic tail nnd th? rate at which reconnection occurs in

must be equal on the avaraga but need not balnnre

Instantamoualy. When thrae rate6 fail to balance Lhra is a net Crancport of

nagnctic flux into the geomn~nctic tail (Runaell and VcPhcrron, 1973). ThIa in

turn Iendm to r build-up of nngnotic ntreanos in the trill. Iluch evidence now

exists which pointm to tho tormntion OF X- ~nd 0-cypQ neutral lines thth form

c19 a result of mn}~n~tic rccnnnccttrm, This proccns cnn occur npontaneounly

~rm n celltsionlesn tvnr!n~ mode tn~tnhlltty under ccrtnin condittonn (Rnlecv,

I!!F.2; !ichindlnr, lqR3, rnwlc’y, 19S3). Thrre-dimnllt+ln~nl !Illl’)mdolin~ (Ilirn and

i!ol\~*H, 1981) hnu dmanrntrntcd that thin nnwly formad roconnaction ru~ion can

‘Ilra \:l*ll o;lyt!lwarll II: CIIF prcoxlutlnl: tn!l rvrnnn~ctfon site rt~q~~ired in
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Although much ●violence exists for the formation of a new region of

reconnection in association with the ma~netospheric substom, a significant

poiflt to note is that little cmcensua exists as to the location of this new

sits; ita loc8tion is

X(GSE) = -15 RE to beyond

set of four satellites

discussed as occurring anywhere from a value of

X(CSE) s ’200 %. We present here data obtained by a

in the near mrth magnctotail during a well-studied

substoma which i~dicace thnt the near earth neutral-line formed in the vicinity

of the geostationary orbit (r = 6.6 RE). We also demonstrate that the

formation of the region this close to the earth was able to draw appreciable

q~aati:ics of ions from the ionosphere. ‘ This result

formation and movement of the X-line is only one phase of

suhstom poccss~ i.e., much lon~er term ●ffects can be

temporally limited X-line fomation.

Data Presentatiofi.—

On March 22, 1979 a propagating int~rplanetnry shuck

indicates that the

the magnetoepheric

associated with the

front struck the

magnatopauae at 0826 UT And subsequently thctia dav~loped moderate-to-strong

stem activity (Dst(max)

occurred following the

concentrated study effort

activity known as CDAW

■ -70nT). A series of threm

SSC ●t 0826 UT, This period IISS

discrste substoms

been the object of a

ns part of the C~ordinatad ~ata ~a].yBis Workthop

6 (Nnnk~ nnd ?~cPherron, 1983). We report here on

obscrvacion~ obtiinad from a @@t of four nnt~llitcs aligned along the 0200 LT
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decrease sharply to near background levels. Approximately

:F,ey ~ncrease sharply hack to their pre-dropout levels and at

second sharp increase. Although the satellite is located

ten minutes later

1104 UT undergo a

at the geographic

equator it is at a magnetic latitude of -5° and we interpret the alectron flux

dropout from 1042 to 1052 UT as an indication that’the satellite moved through

tha t:apping boundary into the high latitude tail lobe as a result of the

geomagnetic field becoming highly stressed and tail-like due to the transfer of

magnetic flux into the geomagnetic field.

‘IM energetic electron measurements from spacecraft 1977-007 can be used

to calculate the local magnetic field orientation 1P a self-consistent manner.

l!sing a spherical harmonic analysia of the >30 keV electron distributions (cf.,

%-iker et al., 1982) we have computed the field line inclination in a“dipole

meridional plane. This field inclination, which we call OB, is shown In the

lower panel of Fi~ure 2. A value of OB ■ 0° would correspond to a magnetic

field parellel to the dipole axis, while a value of OB -

to s very taillike co~flguration with the magnetic field

dipOle eqULItOrial Phne. The data of Figure 2 show that

90° would correspond

nearly parallel to the

prior to the eubetonn

expansion oneet @n (when calculmbla) reached values approaching 90° batween ,

-1045 and-1055 UT,

At the GOES-3 sateliitc, nearly colocated with sntellite 1977-077 at

synchronous orbit, onboa rd mca~uremcnts of the mngncttc field cenflrm this

picture, In Figure 3 the nenn~lred V, D, ilnrl1!components of the mafinatic field

v~crc H in pnrallcl to the cnrth’e rotational axis, V

earth, nnd ~ is po~itiva cnstward (V X 1) = H)

the right-handed eystem (Fritz and %eley, 1982). Note the change
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again is direct indication of the tail-like development of field at the

.gcos~ationary orbit due to the build-up of stresses during the period l!31flUT

to 1052 LTT- a phase described by NcPherrol~(1972) as the substorm “growth”

phase.
,“

At 1052 UT i~s determined both by the reappearance of the energetic

electrons at satellite 1977-007 and the sharp change in the magnetic field

V-coriponent at GOES-3, the magnetic field suddenly relaxed back toward u Fore

clipolarconfiguration. The highest energy electron intensity variation is

plotted i,, Figure 4 along with the GOES-3 V-component to illustrate the

sinulcaneous recovery seen in these two measurements. In add!tion, an

identical el~ctron energy passband on the ISEE-1 satellite is presented and,

surprisingly, this channel shows the same recovery at 1052 UT, This behavior

probably is not an in situ energiz;ltion of these electrons. Rather, we

interpret this as an indication that these electrons were excluded from

reaching ●ither 1977-007 ac 6.6 RL (5° magnetic latitude) or IME-l~t 13 RE,

This exclusion would most likely be due tc the highly stressed tail-lika

magnetic field configuration prior to 1052 UT; while the energetic electrons

were later able to drift to each satellite location after the field

reconfiguration at 1052 JT,

title

the

1’?,

The thrs~ GSE components of the rraqneticfield mensured at ISEE-1 for tbls

interval are presci~tedin Fiflure5. !:ocethe ~tcild~lyincreasing value of

13xcnnponcr,tand total magnltudc of the field from -1035 LITto beyond lluO

As dcnongtra’cihby Fairfield (1983) this incrcnse o!!tl-,cmngnetic field is

fur:hcr evfdl:nce for the rnhnnced transport uf mngnetic flux into tile
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evidence of any particle acceleration at ISEE-1 a~sociated with the nagnetlc
.

field recon~igurilcfonwhleh occurred at G05S-3 and 1977-007 ac 1052 UT was

seven minutes later at 1059 UT (Fritz, et al., 1983; Paschmann et al., 1983).

The direction of the observed plasma and energetic particle streaming at 13 RE

‘,
was such that the particle source was located earthward of the ISEE satellites.

The in situ measured densities of var~ous ion species at ISEE-1 are

presented in Figure 6 (Lennartsson et al., 19R3). In the upper portion of the

figure Lt,e measured density of ions associated with a solar wind source is

plotted while In the lower panel ion densities associated with a putative

ionospheric source are presented. Note that prior to the 1052 UT

mgnst~sph~rlc substorm onset (and the associated magnetic field

reconfiguration at geostationary orbit) the plasma sheet at the ISEE-1 position

\:asdominated by ions of solar wind origin (as indicated by the Iprge density

of H,eU ions and low density of 0+ ions), whereas after the aubstonn the

composition of the plasma sheet was dominated by ions of ionospheric origin (as

+ jons and low density of Heindicated by the lar8e .iensityof O * ions). Thi9

magnetospheric subatorm was able to completely alter the composition of the

plasma resident in the near-earth plnsma sheet by switchin8 from the usual

solar wind soure~ to an ionospheric source for the plasma to repopulate the

plasmn shcec du:ing the suhstorm recovery.

s[,--.,,,,lfl~ and conclusions—..... .--- —— -.— ------

Thc m~ncto!;phcric substurm of 1100 UT !lnrch22, 1979 studied extensively

;IRa pnl-tof the C1MW6activity, hIlsdunonstrntcclthnt 9 neutral line fomcrl

k;,untnncougly just Lnilwilrdof the flcostationoryorbit (e.g. -7 RE) followin8

an t,xt(lndod p~rlotl nf inrrcnsill?;str~s~ hIIjlrl-IIp in the rnll nnflnctl.c field.



reconnection region was nor initially

region L’as therefore localized well

X-1ine and the eventual ejection of a

only the first manifestation of the
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observed at ISEE-1 sug~esting that the

earthward of 13 P.=. The formation of the“

plasmoid down tbe tail are apparently

magnetospheric substorm expansion ‘process

since appreciable fluxes of Ions can be lifted out of the ionospheres energized

and used to reform the plasna sheet in association with the magnetospheric

substorm process.
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FI(XIRECAPTIONS

Figure 1. Location of seven spacecraft during the CDAW-6 eubstorm of 11 UT on

March 22, 1979. Note the radial alignment of four satellites alofig the
‘.

0200 LT meridian.

Figure 2. Energetic elec’-ron intensities measured by instruments on satellite

1977-G07 during the CDAW-6substorcn of 11 UT on March 22, 1979. OQ is

described in the text.

Figure 3, Magnetic field measurements made by the magfietometeron satellite

GOES-3 during the CDAW-6 substotm of 11 UT on Harch 22, 1979. See text for

definition of V, D, and N components.

Figure 4. Composite plot of the GOES-3 ~agnetic field V-component and two

similar electron energy channels on satellite 1977-007 at the geostationary

orbit and satellite ISEE-1 at 13 P.EO

Figure 5. Magnetic field measurement in GSE coordinates made by the

magnetometer on satellite ISEE-1 during the CDAW-6 aubatorm of 11 UT on

March 22, 1979, 1

Figure 6. In eitu mensurcments of the ionic compositional den~sitice in the

plasma shcat at the locacicn of satellite ISEE-1 during the CD1.W-6 ~vent

intcrvnl l’~nlfnrch 22, 1979 (fl”on mnn~rtsson et al., 1983),
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