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Absteact . We compare the DE-2 eleetrie ficld measurements ased by Hyeesr g and Mavsarn [i987 4
geaphvs, Res. 92, 43671 o dlustrate strongly distorted, BC convection patterns for IME f8, - 0 and Laree
18, with simuttancous detections of particie spectia, plasma dolts and mavneuc perturbations Measured
potentials .~ 30 ked driven by the solar wind specds excecding »00 kv~ are greater than pubhshed
corrcliion wnalysis predictions by up o 27%, The potential distuibunions o only iwo extrena amd thiis
support the hasic corclusion that under these conditions the solar wind INTE drives two- vather than fom

celt convection patieras. However. several aspects of the distorted two-ce!! convection patiern must be
revised. In addition io the strong cast-west convection 1 the vicumty of the cusp. imdicated by Heppuer
and Maynard. we giso detect comparable components of sunward (equatorward) plasmu flow. Combined
cquipotential and paiucle precipitation distributions indicate the presence of w lobe cell embedded within
the Lurger, afternoor reconnection cell. Both types rotate in the same sense. with the fobe cell carrving 20

40°% of the total afizrnoan cell potential. We detected no tobe cell within marning convechion cell

INTRODLCTION

Because of their strong correlations with the levels
of gecomagnetic activity at auroral latitudes, much
atlention has been given to cases in which the inter-
planetary magnetic field «IMF) has a southward.
negative Z. component. A southward [MF drives
antisunward convection across the polar cap with
return flow through the auroral zone (HEPPNER.
1972). The Y component of the [IMF affects the dis-
tribution plasma convection. ecquivalently electric
potential, within the polar cap. In the northern hemi-
spherc. with positive IMF 8,. convection tends to be
stronger on the dawn Aank of the polar cap. Negative
IME 8, produces strong convection along the dusk
Hank of the polar cap. In the southern hemisphere the
opposite convention applics Situations with strong con-
vection along the dawn znd dusk flanks of the polar
cap arc referred to as BC <nd DE convection patterns.
respectively . by Hipexir :and MAYNARD (1987).
Russerr (1972) extenced the model of DUNGEN
(1961) o mclude northwa:d IMFE. The revised model
postulates that merging occurs between the IMFE and
open ficld haes at the wegnctopause. abutung the
poleward boundary ol 1z: dayside cusp. It conse-
quently prediets the devel-sment of sunward convee-
non within the polar cap. Moasurements by Matzawa
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(1976) confirmed this prediction. Duning periods of
northward perturbations  at the
ground indicated the presence of two convection cells
in the polar cap with polarnities opposite to those with
southward IMF. Eiectne fields detected by Burki: ¢f
af. (1979) near the dawn dusk meridian showed fou

IME. magnetic

convection cells. with sunward flows 1 the auroral
ovaland central polar cap and with antsunward flows
along the flanks of the polar cap. They sugeested that
auroral convection cells were driven by plasma flows
n the low-latitude boundary layer [[LLBL] (Easiyas
et al.. 1976). Electric ficld measurements by the DE-
2 satellite, from a wider range of local umes. indicated
that northward IMF convection patterns are rotations
and distortions of normal. two-cell patterns (Hupent k
and MaYNARD, 1987).

The reversed polarity two-cell (Marzaw v 1976)
and the four-cell (BUrke er al.. 1979) convection
patterns are easihy reconeciled. and hencelorth we onl
10 the They
ditficult to reconcric with the distorted two-cell pat-
terns of Heppser and MavNaro (19871 A review ot
the two- vs tour-cell convection patiern controyers
s oiven by BURKE 1988y Recently KNipeeeral {1991
using the Assinnlainne Mapping of lonosphene Elec-
rodvnamics  [AMIE] procedure  (Ricnyionn and
Kasipg, 1988). and MCCORMAC ¢r «f. (1991) using
measured neutral wind dvnamics, sugeested that the

refer four-c2ll pattern are. however

'
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faree-scale convecnon patiern depends on 0 ratio
IME 18,078, Both types of patterns develop during
perntods of narthward IMEP When 18108, 1 the
convecuon pattern has two distorted cells 111N 4,
15 the dominant component. Tour cells exist w.ih two
reversed-flow cells in the polar cap

Phis paper seeks to increase our understancing of
gh-latitude phenomenology durimg penoc when
IME B, > 0and [8,]is large. Hivenrr and My NarD

(1987) showed two levels of 1otation and Anting

ob the two-cell patern labeled weakly and - onaly
distorted. We have re-examuned the poter 1 dis
tributions measured dunng the DE-2 orbiis ed 1o
ustrate the strongly  distoried BC cor . oction

pattern, reproduced here as bre 1 This corweenon
pattern is found in the northern henispher: when
IMI- 8, > 0 and in the southern hemisphers when
IME £, <0 Underthese conditions magnet ension
clleets produce strong. antisunward flows aiong the
dawn flank of the polar cap. Durning periods o north-
ward IMF the centers of the BC patiern cel's rotate
toward earlier local times. In the strongly ¢ ~torted
case. flow lines are sunward in the central pe r cap.
then twist toward the antisunward direction ‘ny the
dusk flank of the cap.

The convection patterns of Hippner and M:yNaRD
(1987) were derived. using pattern-recogninoa tech-
niques, from DE-2 north-south electric field = 2asure-
ments and their resulting potential distributions along
the satetlite trajectory. To the degree possible «e have

Fig 1 2ot

The strongly distorted BC convection 1.
HereNer and Mavynarp (1987) with DE-2 trivject - o3 used
in this analysis superposed. Equipotentials:strear zes arc
plotted on a magnetic latitude (MLAT) vs maerz-c local
ume (MLT) gnd

Brineki

ot al

combined measured clectne nield and potential dis
butons with simaltancous detectians ol energetic
ton clectron fluxes. plasma drilts and magnenc-fichd
perturbations perpendicutar to the Farnth’s maan ficld
The two components of the clecting field ar plasm
drifts and magnetic perturbatuons perpendicular o
the magnetic field provide guidance tor constructing
large-scale convection patierns by indicating the direc
tons of equipotential lines at their mniersections with
DE-2 trajectories. This paper extends the work ol
MAYNARD ¢f al (1991) and Basissr v or of (1997
who have ovestigated the onosphone sieniiuies of
magnete merging at the magnetopitise under south
ward and northward IME conditions. respecinehy

We also take advantage of the recent efforts 1o
understand the interactions ol the dusvside magnero
sphere 1onosphere system {cf review by CROOKN B i
BUrkE, 1991). Of particular relevance is i seres ol
papers by the Johns Hopkins Apphed Phvsies 1Lab-
oratory group dnalyzing sources of particle pre
cipitation (NEWELL and MEnG. 1988 NEWt L e of
1991a. b) and magnctic perturbations (By1irow o
al 1988 1 ERLANDSON er «f.. 1988). detected at 1ona
spheric alutudes. Dayside precipitation saurce-regions
include the cusp. the plasma mantle the low - latiude
boundary layer [LLBL]. the bounduar plusma sheet
[BPS] and the central plasma sheet [CPS) (NvwELL of
al., 1991b). Because particles come fram sources both
inside and outside the magnetosphere. their detection
provides qualitative information about the topologies
of magnetic fields traversed by the satellitc

The following section gives a briel description of
the DE-2's instrumentation package Dala acquired
during five orbits of DE-2 are presented and the large-
scale potential/convection patterns estimated In the
discussion section we compare these potential dis-
tributions with the Heppner-Maynard distorted BC
pattern. Measured high-latitude potentials were quite
large. in all cases exceeding 50 kV. Their distributions
show two extrema and are thus consistent with
distorted. two-cell convection patiern However. sim-
ultaneously measured particle Auxcs indicate that the
afternoon convection cell consists of a lobe cell
embedded in a larger reconnection cell. both having
the same sense of rotation. A convection model of
Retrr and Burcu (1983) contains a lobe cell embed-
ded i a reconnection cell with the same ~ense ol
rotation as presented here [t was atnbuted to con-
dittons with IMFE 8, > 0 but B, directed sounthward

INSTRUMENTATION AND MEASUREMENTS

DE-2 was launched into a 90
orbit on 3 August 1981

inchnation. polar
The satelite was three-ans
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sabilized A special assue Space Science fnsive

mentaron contains  detaree deseniptions ol the

Dynanues  fxplorer niisse -~ and imstrumentation.
Data cxannned in this paps come from the vecton
cectrie field mstnment VEFI (Maysarb of al .
19%1). the low-alitude plaxma instrament {(LAPH
(WINNINGHAM ¢f al . 1981} “ne vector magnctometer
IMAG-B] (FariiiNa ef af 981, and the retarding
potential anatyzer [RPA] (Hxsson et al 1981)

The VEFL used a double ™
DC and AC efectne fields

of two cyhindrical dipoles

sating pr()hc Lo measure
“h4e mstrument consisted
romeasure the two conm-
ponents of eleetrie ficld in i+ spin plane ol the space
fls primary purpose a5 o montot

vechive

cralt the con-

cleetrie hetds anc the mtensiies of low

frequency waves dl aurore and polar-cap fatitudes

[nn this paper we use the DY qcasurements o deduce

the potenual distnbution &g the satellite trajectory

and the component of piz-ma drilt normal to the
The com-
ponent of plasma drift aleng the trajectory wias cal-
culated trom the RPA mez:urements.

MAG-B was a fluxgale magnectometer
placed at the end of a 6 r astromast boom. Scnsor
outpuls were sampled sixleen times per second with a
digital resolution of + 1.5 -T. The major factor hmit-
ing the absolute accuracy 7 the vector magnetic ficld
comes from uncertainties regarding the spacccraft/
boom attitude, which m:y be several tenths of a
degree. The stability of DE-2 during any given pass
is such that measuremeni> of ficld-aligned currents
densities are accurate to better than 0.1 pA/m".

magnetic field and the saiciite trajectory

tridxiz.

The LAPI experiment rrovided measurements of

both positive ion and elxtron fluxes from 5 ¢V 10
17 keV in 32 energy bins. =t 15 different pitch angles,
each sampled once ever <cond. The instrument was
designed so thal the sams energy bins were sampled
simultancously at the diff:-ent pitch angles. LAPT also
contained Geiger-Mueller 1G-M) counters to detect
fluxes of clectrons with aergies > 35 keV. They are
mounted on a scan platorm and measure fluxes at
pitch angles of 0 and 90

Figure | represents th: srongly distorted BC con-
cection cell with five supzposed DE-2 trajeclories in
magnetic latitude (MLAT) and magnetic local time

(ML T). Four of the or- 1y were used in fig. 13 of

Heepner and MAYNAREY
patlern was derived. Al

987) to llustrate how this
--bits were chosen from per-
ods when the IMF had _ nearly constant oricntation
for several hours. and 1~ ¢ should drive steady con-
wection patterns. We he.e added « fifth orbil, No.
5947 (rom 17 Februarny <932, which came at the end
of 4 long period of north= ard IMF. The cusp portion
of urbit No. 2947 has bez= studied in detail by Basin-

sra er al (1992) Intlerent jevels ol satelhite data
coverage are avalable from the five orbits Blectne
and magnetic ficld menstrements were taken all
cases. LAPE measurements were retrieved dunng all
orbits except Noo 4726, RPA measurements o the
along-trajectory component of plasma dnft were only
taken during orbits No 1179, 2863 and 2947 The
wind IME par
ameters al the tmes ol the passes are hsted Tor rel
crence in Table 1 Note that duning all of these orbits,
solar wind speeds

hourly averaged  values ol solar

L 500 ki s were measured

In Fig 1 the ditoried BC convection patiern s
characterized by two farge-sedle conveciion cells. The
alternoon  and  mormng eclls are approsmatehy
centered at 12 MUT 82 MLAT and ar 05 M
73 MLAT, respectinely On the duayside. ar the statisty
MIEAT

almost

cal tocation of thwe cusp. near 12 MU and X0
(INEWELL ASTRSTE D ANE

purcly east west with a smalt antsunward compon-

and convedtion s
cnt. At subcusp latitudes near magnetic Vo cquit-
polentials are quue contorted. with signtheant over-
lap between the morning and atternoon cells. The
strongest antisunward flows arc located along the
dawn flank of the polar cap. In the central polar cap.
plasma flows sunward. then dnerts to move anti-
sunward along the dusk tlank of the polar cap belore
returning to sunward flow in the afternoon or morn-
ing sectors of the auroral oval.

Figures 2 and 3 illustrate the complex of measure-
ments forming the basis of the present analysis. Figure
2 contains 15 min of VEFI and LAPI mecasurements
taken at northern high latitudes during DE-2 orbit
No. 1179. The pass traverses the late morning and
carly evening MLT sectors. Electric field, plasma dnift
and magnetic field measurements arc displayed n a
satellite-centered coordinate systent. The Yand Yaxes
are posilive along the direction of satellite motion and
toward zenith. respectively. The Z axis completes the
right-hand system. £, in the top panel of Fig. 2, 1s
small and varies smoothly except between 0644:30 and
0646:00 UT. The onscl of £-ficld turbulence 1s marked
by a poleward sptke followed by an cquatorward
excursion (castward convection} of <~ 30 s duration
before turning poleward (westward com cetion). After
0647 UT the E-feld was weak and predominanth
negative in the satelite-contered system

A data gap exisis i partcle measurements from
0643:30 10 064430 UT Prioy to this, both the Garge
Mueller tebe [GMT] > 33 KeV (second panct) and the
lower energy electron (hottom panely measurements
indicate that the satcllite crossed a region ol plasma
sheet precipitation. After the dati gap the > 35 ked
clectron fluxes became isotropie. decreasimg steadihy
to lower polar-cap kvels of ~3» 107 ¢ em” s s In the
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Fable U Hoy
Orbuit Date Ul s,
179N 22 October 1981 0630 22
IN37T N [5 November 1981 (SRR 0.0
W63 S 12 Febiuaiy TUR2 0520 0.5
947 N 17 February 1980 0603 97
4726 N 1S Tune 1952 TTRN 02

Zonunnterval alter data resumption we see -
hieh Auxes of < | keV clecuons and o

vely

aped.
cnergy-vs-tume dispersion m the uy of prec - aune
ERUEIE
tertstic of the cusp during periods of northe . - IMF
(BUurcCH ¢t al.. 1979). Poleward of the 1on ¢ ~ision
structure we find two discrete structures .- 0647
and 0648 UT. with keV clectron and ion preci- ation
Between 0648:30 and 0653 UT the satelhite Zoiected
polar rain interspersed with weakly accelerz:-2 elec-
tron structures. During the intervat 0653 063+ 2 UT,
DE-2 encountered keV electron and ion flunes snarac-
teristic ol nightside boundary und central ~fasma
sheet precipitation. respectively {WINNINGH:v o7 af .
1975). Structured precipitation straddles i-:
vection reversal boundary.

Figure 3 gives the electric potential distribut *n (top
panel) obtained by integrating £, (seconc -anel)
along the satellite trajectory: the comperzat of
plamsa drift along the trajectory from the RP A +third
panct), and the differences between the mease-2d and
MAGSAT model 7 (fourth pancl) and Y <~ ttom
panel) components of the magnetic field. The pi.- of £,
i1s identical to that in Fig. 2 and 1s presented ~:r¢ for
convenience in comparing data. The along-t_ =ctory

wons. o dispersion shapes of this tvpe ar.

con-

plasma dnift s plotted as — 17, so that positn: ~alues
are opposite to the direction of satellite mouer In the
infinite current sheet approximation posiin: aega-
tive) slope in the AB, trace corresponds acld-

ahigned currents (FAC) into (out of) the ionc-=ere.
Scveral aspects of orbit No. 1179 N meast . ~ients
deserve attention

o that
The

b The potential 1s abwayvs negatne imdicas
only the afternoon comvection cell was Gmp.

Fig. 20 Electric ield and particle measure-

Btinki

croal

soraged mterplanctany paameters

Sobar wind

IME (nly
3, B, ki o afem )
129 3.0 Sy 147
SN 27 567 A
I50 I8 6 SN g
70 9y s 655 {0t
46 A Sot R
location ol the SRV potental momman or

convection reversal comaides with the boundary of
cusp preapitation at the poleward edec of the on
dispersion structure

20 Fram 0644 10 0648 20 LT the 1) mcasurements
indicate that convection had a sunward component
This interval spans the satellite crossing of the cusp
and the two clectron and 1on
located poleward of the cusp. The masvimum in {1V, |
of 2km s at 064525 UT coincides with the maxnmum
in £, which drives a westward component of plasma
drift of ~ 3.5 km's. I was weakly sunward on the
dayside ol the polar cap and antisunward at night.

3. The variations in A8, and AB, reasonably cor-
refate with each other in the vicinity of the cusp and
anticorrelate in the nightside auroral region. This indi-
cales that the satellite crossed several extended. large-
scale FAC sheets. The dayside currents flowed into
the tonosphere near the equatorward part of cusp
precipitation and outward in the poleward portion
The nightside currents had the polarities appropriate
for the evening sector Region !/Region 2 svslem
(ItsiMa and PoTteMra. 1976)

discrete structures

Figure 4 combines plasma-dnft and precypitating-
particle measurements taken during DE-2 orbit No.
1179. The data are piresented in the form ol vector
plasma dnft measurements at 10 kV mtervals along
the satellite trajectory 1 an MLAT-MLT coordinate
system. Equipotenuals are then joined w cach other
consistent with their directions at ther mtersechion
with the satelhite trajectory. The contours are drawn
with no attempt at pattern synthests away from the
tragectory. In the alternoon evemnge auraral oval the
shape ol cquipotentiais dillers Trom the Heppne

“tsacquired dunng northern high-igtnude poruon of DE-2

orbit No. 1179 N plotted as funcuons of ur - zesal time (UT), satellite altitude (ALTY, gt foval tme

(MLT) and insanant Letiude (1), The

7 panel gives the component of the clectne heid along the

direction of satellite motion £, The secor . —anel contains the Aux of electrons with cnergres > 33 heV o

pitch angles of 0 (vellow trace) and 90~ ¢ truce). The bottom two pancls wre energy -vs-ime volan

spectrograms of the energy lun from pres ~ating 1ons and clectrons with cnereies between 5 eV oand
12 keV.,
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Fig. 3. The electric poterual distribution (top panel)
obtained by integrating £, (:cond panel) along the satellite
trajectory. The third panel contains the along-trajectory
component of plasma flow—}#',, obtained from the RPA.
The bottom two panels give the cross- (A8;) and along-
(AB,) trajectory perturbations of the Earth’s magnetic field.

Maynard pattern shown in Fig. |. No information
about the morning cell potential was retrieved during
this pass. Note, however. that unhke the Heppner-
Maynard pattern, ~20 AV out of the 55 kV total
potential i1s contained in 2 small, clockwise rotating
sub-cell within the polar cap. It is embedded in a
larger, clockwise rotating convection cell whose flow
lines close through the auroral oval.

The trajectory in Fig. 4 has been coded to indicate
where various types of particle precipitation were
encountered. For simplaty we divide the particle
fluxes into four phenomenvlogical categories :

215
DE-2
22 OCTOBER 198! 12 REV. 179N
T06:40UT
T | R e
CUSP/CLEFT  POLAR RAIN cPs DISCRETE

Fig 4. The afternoon convection cell obtained by combining

E. and V¥, measurements during DE-2 orbit No. 1179 N.

The strcam lines are at 10 kV intervals. Their directions at

trajectory intersections are indicated by arrows. Away from

the trajectories, representations arc not unique. Particle

fluxes are represented as cusp/cleft, polar rain, central plasma
sheet and discrete precipitation.

(1) diffuse aurora, CPS precipitation (WINNING-
HAM el al., 1975).

(2) cusp/cleft precipitation (NEweLL and MENG,
1988),

(3) polar rain precipitation (WINNINGHAM and
HEikKiLA, 1974), and

(4) discrete/structured precipitation.

The discrete/structured precipitation appears in the
plasma mantle, the polar cap and auroral oval. It
comes from diversc magnctospheric and mag-
netosheath sources.

Data retricved during the remaining four orbits
have been similarly analyzed and convection/
precipitation patterns were derived. The results are
summarized in Fig. 5. The potentials measured in
the sampled portions of the afternoon and morning
convection cells are listed in Table 2. [n all five cases
the potential distnbutions are consistent with at least
part of the afterncon cell being confined to the polar
cap. Although we sampled parts of the morning con-
vection cell during all four orbits shown in Tfig. S, we
found no evidence 1n the combined potential dis-
tribution and parucle precipitation measurcments
indicating that a part of the morning cell was com-
pletely restricted to open field lines in the polar cap.

Since orbits No. 2863 and 2947 followed similar
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05:09UT, DE-2 DE-2
12 FEBRUARY 1982
//IZ REV. 2863 IS NOVEMBER 98I 2 REV IS37N

DE-2
|7 FEBRUARY 1982 12 REV. 2947

1910

OE~-2

15 JUNE 1982 i2 REV.4726N

00
EESIElEE] = === EZZ3
CUSP/CLEFT  POLAR RAIN cps DISCRETE CUSP/CLEFT  POLARRAIN CcPS OISCRETE
(a) (b)

Fig. 5. Convection and particle precipitation patterns for (a) orbits 2863 and 2947, and (b) orhits 1537
and 4726. ic the same format as Fig. 4.

Table 2. Trajeciory and potential distributions

Potential (kV)

Orbit MLT O @, @, . ®,., Kp
1179 N 10.3-19.9 68.8 89 —55 — 4
1537 N 08.3-19.0 65.0° 59 - 50 20 4-
2863 S 13.3 00.5 40.0 69 -70 20 4-
2947 N 00.9-11.5 364 52 -35 36 2+

4726 N 16.9-04.5 56.0 50 -32 25 3
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trajectories it is useful to list points of similarity and
dissimilanty in their measurements:

I. Orbits No. 2863 and 2947, like orbit No. 1179
(Fig. 4) passed close to magnetic noon through a
region of necgative potenuial characteristic of an
encounter with the afternoon convection cell only on
the dayside. In the case of orbit No. 2947 plasma
convection at MLAT >80 on the dayside was almost
purely sunward right up 10 the onset of cusp pre-
cipitation (BASINSKA ¢1 al.. 1992).

2. LLAPI detected cusp cleft electron precipitation
during both passes. Within most of this region, con-
vection had sunward and westward components. As
in orbit No. 1179, convectuon had an castward com-
ponent near the low-latitude boundary of cusp/cleft
precipitation.

3. During orbit No. 2947 precipitating ions had an
inverted dispersion (BURCH er al, 1979) with the
most energetic ions precpitating near the poleward
boundary of the cusp and kss energetic ions at lower
latitudes. The precipitating ion flux during orbit No.
2863 was weak and had the energy-vs-latitude dis-
persion characteristic of B, < 0 IMF.

4. Poleward of the cusp precipitation, discrete ion
and electron structures were detected during orbit No.
2863 but not No. 2947.

5. The large-scale, daysde FAC systems near local
noon had morphologies similar to those of orbit No.
1179 (Fig. 3).

6. On the nightside, the convection and FAC pat-
terns were somewhat distorted during orbit No. 2947.
Within the auroral oval the BPL/CPS precipitation
and Region l/Region 2 FACs were typical of the
morning convection cell for orbits No. 2863 and 2947.

During orbit No. 1537. DE-2 crossed the noon mer-
idian at higher than cusp lautudes. In both the evening
and dayside portions of the pass, discrete electron-
precipitation structures straddled the convection
reversal line. Within the dayside region of structured
precipitation, ions had several keV of energy where
convection was sunward and a few hundred eV where
it was antisunward. In this latter region particles had
characteristics of boundary plasma layer and plasma
mantle rather than LLBL precipitation (NEWELL ef
al.. 1991a. b). The magneux perturbations indicate the
presence of FACs out of the ionosphere in the region
of CPS and mantle precipitation and into the iono-
sphere in the region of BPL precipitation. Within the
polar cap there is a broad region of stagnant plasma.
Here MAYNARD ef al. (1990) found an ionospheric-
density depletion which met their criteria for the exis-
tence of a small cell compketely contained within the

polar cap.

DISCUSSION

[n the previous section we presented the results of
our analysis of five DE-2 orbits, four of which were
used to illustrate the strongly distorted, BC con-
vection cell of HeppnER and MAYNARD (1987). Such
convection patterns occur during periods of B, > 0,
in the northern hemisphere when IMF B, > 0 and in
the southern hemisphere when IMF By, > 0. birst we
compare the potenual distributions of Figs 4 and 5
with that of HeppNeEr and MAYNARD (1987) shown
in fig. 1. We then compare the magnitudes of the
measured, high-latitude potentials with previously
reported polar cap potential dependencics on the solar
wind/IMF conditions. Finally, we combine the
plasma-drift and precipitating particle ftlux measure-
ments Lo suggest a phenomenological interpretation
of the high-latitude convection pattern with 8, > 0.
a large B, component and high solar wind speeds.

Figure 1 shows that the strongly distorted BC con-
vection pattern consists of two cells. The afternoon
and morning cells are rotated having their mimimum
and maximum potentials centered at 12 MLT, 82
MLAT and 05 MLT, 80° MLAT, respectively. Near
noon near the statistical location of the dayside cusp
(NeweLL and MENG, 1988) plasma flows nearly west-
ward with a small antisunward tilt. Poleward of the
cusp, plasma initially flows antisunward along the
dawn flank of the polar cap, then turns sunward into
the central polar cap. Afternoon cell stream lines then
twist toward the anusunward direction along the dusk
flank of the cap before entering the auroral oval and
return to the dayside. Positive potential stream lines
of the morning cell are similarly contorted. Eventually
they end up in the post-midnight portion of the aur-
oral oval and then return to the dayside.

Adopting the pattern-recognition spirit of HEPPNER
and MAYNARD (1987), and recognizing the dangers
of deriving a pattern from only five passes. we have
constructed a convection pattern that reproduces the
main features found in the individual DE-2 passes.
We anticipate that this interim pattern may be further
refined when results from the study of a broader data
set are incorporated. The synthesized convection pat-
tern shown in Fig. 6 consists of two large cells whose
centers are rotated away from the dawn-dusk merid-
ian. In this pattern. we placed the equatorward bound-
ary of the convection system at the statistical. equ-
atorward boundary of auroral electron precipitation
for Kp =3 (HARDY er al.. 1981). We interpret this
boundary as the ionospheric projection of the Alfven
shielding layer.

During DE-2 orbits No. 1179, 2863 and 2947 VEFI
detected contorted. equipotential structures at sub-
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Fig. 6. Distorted BC convectionfequipotential pattern repre-
senting the E, and V, data set obtained during (b five
DE-2 orbits.

cusp latitudes on the dayside. Unlike the Heppoer-
Maynard pattern shown in Fig. 1, the distoruon 1s
confined to the afternoon cell. Within the cusp. con-
vection has both sunward and westward composents.
Equipotential contours of the afternoon cell can be
divided into inner and outer regions. The innermost
stream lines or equipotentials are confined to a small
region in which LAPI detected cusp, polar rain
and structured precipitation poleward of the cusp.
Particles precipitating in these regions have souress in
the magnetosheath. We assume that the magneux tield
lines associated with these particle fluxes were always
open. Thus, the equipotentials of this inner regwoa re-
flect a circulation of magnetic flux within the northern
lobe of the magnetotail and are referred to as a
lobe cell (REIFF and BurcH, 1985). Up to 25tV of
the total polar cap potential was measured withm the
lobe cell. The remaining portion of the afternooa cell
was encountered in regions of cusp, polar ram and
auroral oval precipitation. Magnetic field lines zlong
which such particle fluxes access the ionosphere are
both open and closed. Plasma in the outer porwea of
the afternoon cell Aows antisunward across the polar
cap and returns to the dayside through the zeroral
oval. The morning cell contains no lobe cell. 2eing
made up of flow lines that pass through precipiizuion
regions associated with both open and closed teld
lines. Magnetic field lines in convection cells witk open
and closed topologies circulate through the Jobes of
the magnetotail into the distant neutral sheet where
they reconnect with field lines from the conrgate
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henmisphere. After reconnection, newly closed ficld
lines convect in the ecarthward through the plasma
sheet and equatorward in the auroral ionosphere. The
group of equipotentials/strcamlines containing both
open and closed field lines are called reconnection
cells by Reter and Burct (1985). We note in passing
that, with the exception of the subcusp distortions,
the reconnection portion of the afternoon cell in Fig
6 closcly resembles the weakly distorted BC pattern
shown in fig. 11 of HEPPNER and MAYNARD (1987).

It is widely belicved that during extended periods
of northward IMF, geomagnetic activity decrcases to
very low levels. Information contained in Table 2
indicates that such was not the case at the times of
our selected DE-2 orbits. The Kp index was between
2+ and 4, and the combined potentials sampled in
the afternoon (@, ,,) and morning (O, ) cells ranged
between 57 and 90 kV. The DE-2 trajectories across
the inferred potential distributions of Figs 4 and 5
indicate that on any given pass, only a fraction of the
total potential was sampled. Thus, the potentials listed
in Table 2 only represent lower bounds on the actual,
total cross-polar cap potentials.

Polar cap potential measurements from the OGO-
6 (HeppNER, 1972) Atmosphere Explorer (REIFF e/
al., 1981), S3-2 (DoyLE and Burke, 1983) and S3-3
(WYGANT et al., 1983) satellites have been correlated
with geomagnetic indices and solar wind/IMF par-
ameters. Within the limits of small-sample statistics,
these studies produced similar results. When compar-

“ing $3-2 measurements of the polar cap potential with

hourly averaged solar wind/IMF parameters, DOYLE
and BURKE (1983) found that the highest overall
correlation coefficient came from the relationship:

Oy (kV) = 33.4+0.024 £, N

where £, 1s the electric field function in the solar
wind suggested by KAN and Lee (1979).

Exy = Vsw By 5in’(0/2) (2)

where By = [By:+ Bz:]"? and O are the magnitude
and polar angle of the IMF when projected onto the
GSM Y-Z planc. In calculating E 1n equation (2)
the solar wind speed is in km/s and the IMF com-
ponents in nT. Table 2 lists the values of @ and the
statistically predicted values of ®, which are between
89 and 50 kV. In all but one case, orbit No. 1179, these
are less, by [3-27%, than the measured potentials.

The greatest discrepancy between the measured
potential and the statistical-model predictions
occurred on orbit No. 1179 where the measurcd
potential is substantially smaller than the model pre-
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diction. This is probably a sampling artifact. To
increase the chances of representing the full high-
latitude potential, the staustical models were derived
from measurements taken by satellites in dawn-dusk
orbits. During orbit No. 1179, DE-2 moved along a
noon-midnight trajectory where it only encountered
the afternoon cell. Presumably, the addition of poten-
tial from the morning cell at the time of this orbit
would bring closer agreement with the statistical
models. In the other four cases the statistical relation-
ship in equation (1) also underestimated the total
potentials contained in the afternoon and morning
cells. The potential distnbutions in Figs 4 and 5 indi-
cate that several tens of k\ of the polar cap potential
may be confined to small regions poleward of the
cusp on the dayside of the polar cap. Satellite passes
crossing the polar cap along the dawn -dusk meridian
could miss a significant fraction of the lobe cell con-
tribution to the total potenual.

The convection/potential distribution in Fig. 6 sum-
marizing the DE-2 measurements resembles the quah-
tative pattern found in fig. 7(f) of RetFF and BURCH
(1985). It contains an afternoon reconnection cell sur-
rounding a lobe cell that circulates with the same
clockwise sense of rotation. The morning cell rotates
counter-clockwise. However, their pattern was pre-
dicted for conditions with IMF B, < 0 and B; south-
ward, not northward. In the representation of REIFF
and BurcH (1985) viscous-driven cells are embedded
in both the morning and afternoon cells. We noted
that in the early evening sector the structured electron
precipitation spanned the convection reversal region.
It is possible that the anusunward part of this pre-
cipitation originates in the LLBL, analogous to thc
viscous cell of REfF and BurcH (1985). It appears
that cells tied to LLBL processes do not contribute
significantly to the total high-latitude potential.
Measurements by SMIDDY et al. (1980) show that the
potential drop across the LLBL is typically <10 kV.

The fact that a lobe circulation cell is embedded
within the afternoon, negative potential cell, affects
our understanding of the magnetosphere’s interaction
with the solar wind and a anorthward IMF. REIFF and
Burct (1985) suggested that during periods of large
IMF B, both open and clowed field lines present them-
sclves to the solar wind on the dayside magnetopause.
The IMF merges with Earth-bound field lines of both
topologies. CROOKER {1983 proposed that with IMF
B, > B, > 0, antiparallel merging is favored along
lines located poleward of the cusp. They extend
toward the dusk side of the cusp in the northern
hemisphere and toward the dawn side of the cusp in
the southern hemisphere.

Data presented above are consistent with merging

occurring in both hemispheres. In the northern hemi-
sphere the afternoon convection cell is driven by merg-
ing along a line extending toward dusk. It includes
initially open ficld lines for the lobe cell and initially
closed field lines for the reconnection cell. The morn-
ing ccll 1s driven by merging along a line extending
from a location poleward of the southern cusp toward
dawn. Although merging occurs on both inittally open
and closed field lines. only initially closed lines of the
reconnection cell are obscrvable at northern latitudes.
Figure 7(g) of REiF and Burcu (1985) suggests that
the converse may be true for southern hemisphere
convection, where a distorted DE pattern (Heppser
and MAYNARD, 1987) should appear.

Our interpretation differs from the model in fig.
6 of CROOKER (1988) which, for IMF B8, > B, >0
conditions. shows the 1onospheric mapping of the
merging line as a single V-shaped line on the afternoon
side of the cusp. The model requires that both con-
vection cells be driven from this merging fine. As
a consequence the morning cefl wraps around the
afternoon cell across local noon 1n such a way that a
satellite passing close to the noon-midnight meridian
must sample both convection cells. In the three cases
where DE-2 passed through the cusp only the after-
noon cell was sampled near noon. The model sug-
gested by our measurements is merging driven for
both cells and includes magnetic tension effects from
IMF B,. It requires two merging lines in the iono-
sphere separated by a gap through which newly
merged flux transports into the polar cap. In the
northern hemisphere the merging line for the after-
noon cell includes initially open and closed field lines.
The morning cell in the northern ionosphere derives
from the combined effects of viscosity as well as mer-
ging-driven, magnetic draping and tension processes
in the southern hemisphere.

One intriguing aspect of our electric field data is the
persistence of a latitudinally narrow strip of eastward
convection near the equatorward boundary of
cusp/cleft precipitation. Figure 2 shows that the east-
ward convection is located poleward of the onset of
the electric field wurbulence that marks the satellite
entry into the cusp boundary (MAYNARD et af., 1991).
Here we develop two possible explanations consistent
with the model described above. In both, initially
closed ficld fincs merge with the IMF at high latitudes
on the dusk side of the cusp’s magnetopause location.
They differ only in the time scales required for mag-
netic tension to overconie stresses generated by local
magnetosheath plasma flow (CowLEy er al.. 1983).

In the first hypothesis the magnetosheath-like par-
ticles originate on LLBL feld lines whose equatorial
footprints convecet antisunwird near the dusk mag-
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nctopause. At some point the near-cusp part of the
ficld linc merges and magnetic tension quickly causes
the consequent westward motion. At latitudes of the
castward convection the soft particles propagale
along the closed ficld lines of the LLBL; in places
of westward convection they come directly from the
magnetoshcath on newly opened flux.

In the second explanation the soft particles come
directly from the magnetoshcath along open ficld lines
in regions of both eastward and westward convection.
This motion directly reflects the dynamics of davside
merging processes at locations away [rom the noon
meridian. In the antiparallel merging scenario. this
reflects merging with initially closed field lines some-
where poleward and to the afternoon of the cusp’s
location at the magnetopause. At merging sies
located on the afternoon side of the cusp mag-
netosheath plasma flow has components that are anti-
sunward and toward the dusk meridian. MAYNaRrD ef
al. (1991) have shown in a southward IMF B, casc
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that the local plasma flow drags newly merged field
tincs in a direction opposite 1o that of magnetic
tenston. The magnetic stresses cventually win out. In
the present cases with northward 8, the B, related
magnetic stresses pull the field line toward the dawn
mernidian. However, because the IMF has a finite B,
and the draping topology is different from that for
southward B, case, it takes longer for magnetic
stresses to achieve dominance over the local, dusk-
ward magnetosheath flow, and cause field hnes to
eventuaily move in the westward direction (CowLEY
et al., 1983).
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