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The ‘equatorial boundéiy of the aurcral oval (EBQO) or
the boundary of diffuse aurora separates high latitude ionosphere, moving after
the effect of magnetospheric convection electric field from Earth corotating
middle and low latitude ionosphere, The shielding of the convection electric
field occurring &t the'inner edge of the plasma sheet (EBO is the jonespheric
manifestation of this boundary) may be significantly affected by particle trans-
port between magnetosphere and jonosphere and by the temporal dependence
of the different processes involved. The dynamics of the subauroral zone, the
region equatorward from EBO is determined by the competition of the myag-
netospheric convection electric field and the corotation field. On the other hand,
based on contemporary concepts, ionospheric plasma convection at subauroral
latitudes appears to be of most decisive importance for the formation of the
characteristic latitudinal prolile of ionization in the F-region, the main iono-
spheric {rough [lI]. Experimental data for the subauroral convection, both
for quiet and disturbed eonditions, are not sufficient to construct a com-
plete model. The resuits from direct satellite and ground-based measurements
arc summarized in [2, 3], and in [2] performance drift patterns are suggested
for quiet and disturbed conditions. In substorm conditions ftwo most important
details. are manifested within the subauroral convection: for the evening and
premjdnight sector this is a thin strip of rapid westward drift, and
for the posimidnight sector meridional drift to lower latitudes of velocity
of about 50—100 mifs [4,5]. Rapid westward flows, observed immediately
equatorward from EBO [6, 7, 8], known as well as “polarization jets”, result
in additional “subfrough™ {9] within the main ionospheric trough, in the sub
maximum part of the F-layer, -

A new type of convection in the subauroral ionosphere will be dlscussed
in this paper, when equatorward from EBO the drift velocities have 51gn1f1cant
meridional component of magnitude of the order of the azmluthal compo—
nent The results are based on; Dynamlcs Explorer-B data. -
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Measured drift velocities

We shall examine drift occurrence a
by data from the Retarding Potential Ana

t subaureral-latitudes

lyser (RPA) 10}, and the Ion Drift
Meter (IDM) [11] aboard Dynamics Explorer-B satellite.
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Fig.l. Intense subauroral drift with almost meridional direction

iy {n :Figs:' :I, 2 and 3 t'hréé cfl-é.r.ajc;t;eﬁistifé-..c'ases:; of éﬁbéer@ral- drifts-with sig-
nificant meridional component are presented. The upper Ipanel of each "figure
shows ion drift velocity compoenent, parallel to the satellite velocity component,
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as determined by RPA. The second panel illustrates the drift velocity compo-
nent, perpendicular to the satellite velocity in horizontal plane, determined
by the IDM. Here and further below velocities are in a system of reference re-
lated to the Earth. The third panel shows the ion density determined by the
RPA. A sketch of the respective subaurotal drift velocities in inv lat/MLT
frame of reference is shown below the three panels to visualize the velocity
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Fig.2. Subauroral drift with an azimuthal component of the order of the meridional
latitudinal profile. EBO is defermined by datafrom soit elektron’ precipitation

measurements with the Low Altiftude Plasma Instrumeni (LAPD) [12]. E—I
spectrograimes are used- for the ‘purpose which 'aTPdw.fq_‘llgliﬁl'in;a'_ti ‘pessible
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errors due to photoelectron occurrence, the latter is well separated visually-
EBO is determined as an abrupt boundary of precipitating electron flux of
energies 200 eV. Although for example in [13] EBO is determined by the
| keV electron flux, it is shown there that better illustration of ihe equatorial
boundary provide electrons of energies 200—400 eV. EBQ is denoted by a line,
stroked ovalward on panels and sketches. All the examined cases refer to the
northern hemisphere, under disturbed geomagnetic conditions.
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Fir.3. Cases of iﬁtense s.ubaurore:ll érift: when mo{rirllg from I:IBO equatorward
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- the drift velogity vector rotates _f_ro_m __azimutha'll_t'c‘_) meridional

Tigs Tg, 1-bishow séghors. from”two Satellite orbits for 14 Oct. 1981—

1060 and 1061 respectively, which cross the subauroral latifudes in the eve-
ning MLT sector. The subauroral drift for the two cases is almost completely
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meridionat of the order of 1,5 km/s. The subauroral drift is generated by an
eastward electric field. The satellite is above the diffuse barrier for the two
orbits and no trough in the ion density is to be observed; the latier is of the
order of 10° em™® and IDM measurements are completely reliable, The E—f
spectrogrammes reveal precipitation of very solt elecirons (energy about 10 eV)
in the zone of subauroral convection.

Figs. 2-a and 2-6 show two orbits for 31 May, where the subauroral
drift is of another behavior. Those orbits cross EBO in the late afternoon MLT
sector and the subauroral drift has meridional component equal to the azimuthal
westward component. The meridional component is oriented again ovalwards,
i.e. generated by eastward electric field component. The subauroral velocity
is about 1,1—1,5 km/s. Since thesc are daytime orbits neither trough in the
ion density nor precipitaling suprathermal electrons are observed.

Figure 3 shows another type of behavior of the subauroral drift — rotation
of the velocity vector to meridional. Orbit 3140 (Fig. 3-a) crosses EBC a little
beforemidnight, maybe at the vicinity of Harang’s discontinuity, and orbit 7219
(Fig. 3-b) —in the evening MLT sector. The drift velocity for both orbits
equalorward from the oval are identified as rapid subauroral westward flows.
Moving equatorward away from EBO the velocity vector gradually rotates from
azimuthal of westward orientation fo meridional, poleward directed. The
subauroral electric field is strongly poleward with highintensity, and with the
move away from EBO gradually transfers into an westward decreasing in in-
tensity. It is interesting to note that the rapid subauroral flow is not directly
ont EBO for orbit 7219. The satellite altitude for this orbit is in the circumma-
ximum part of the F-layer and in the well shaped main ionospheric trough,
a “subtrough ” in the region of the rapid subauroral flow may be observed. For
both orbits precipitation of very soft, suprathermal electrons of about 10 eV
is observed in the region of subauroral convection.

Discussion

The cases discussed here illustrate subauroral convection
with meridional drift component an order bigger than the observed with ground
based techniques, and referred also in [3, 4, 5]. Similar case of poleward meridio-
nal component is mentioned in [14] by data from S3-2 satellite for the mor-
ning MLT sector (orbit7079 A —north). The cases of subauroral drifts examined
by us are simply examples for the presence of a meridional dirit component
of significant value, which contradicts the common pattern. All of them are
neighboring the west convective cell and are insufficient to provide a morpho-
logical pattern of the azimuthal electric field. All cases observed by us refer to
disturbed geomagnetic conditions.

The numerical simulation of a magnetospheric substorm made in [14,
15] shows in particular the evolution of a subauroral drift pattern which is in
argeement with the results known from ground-based measurements. The
direction of the meridional drift component we present here is in agreement
with the distribution of the azimuthal subauroral electric field, computed in
that simulation. Namely, eastward electric field in the daytime and postdusk
MLT sector, and westward electric field in the midnight-dawn sector and in a
narrow sector about dusk. But the ionospheric projection of the computed
electric field has a maximum value of about 4 mV/m at 60° inv lat, while we
observe values of the order of 40 mV/m.
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Many authors, for example [5], consider the subauroral drift, observed by
ground-based fechniques in disturbed geomagnetic conditions as a result from
penetration of magnetospheric convection field to low latitudes. In the nume-
rical simulation [14], the penciration of the field is a result of the abrupt ehan-
ge in the conductivity of the underlying ionosphere at the heginning of ihe
substorm, as the inner edge causing the shielding could not adopt to the situa-
tion. However this physical picture fails io explain the revealed by satellite
data narrow latitudinal strips with very rapid, up to about 10 km/s westward
flows, situated equatorward from EBO [1, 6, 8, 9]. An advanced interpretation
of the phenomenon is given in [16]. The energetic protons of the magnetotail
are capable fo pencirate closer to the Earth {than the electrons during a sub-
storm. At explicit difference in the underlying ionospheric conductivily in the
electron precipitation zone and equalorward, this charge separation may ge-
nerate very strong polarization field. in [14] after numerical simulation, such
a rapid subauroral flow was obtained coniirming the model in [16].

Analysis of the latitudinal profile of the drift components, illustrated
by the first and second panels of each figure shows that two types of charac-
teristic structurce of the drift latitudinal profile may be well defined: i} when
at EBO the driff velocities have significant values and the subauroral drift
is a natural continuation of the auroral one, for example Figs. I and 2; ii} when
at EBO or close {o there, the auroral drift velocities become very smatll, almost
a zero (compared to velocilies in the basic convective cell) and thereaiter equa-
forward from EBO increase again before attenuating al midiatitudes — Fig. 3.
This behaviour of the drift velocities provide serious grounds to conclude that
equatorward from the boundary of the auroral oval, intense electric fields are
observed with two differing origins — penetrating, or not shielded well mag-
netospheric convection iield (Figs. 1 and 2} and polarization field, generated
at the inner plasma sheet edge after the mechanism, suggested in [16] (Fig. 3).
The gualitalive estimates made in [16] show thal ihe intense poleward elec-
tric ficld is generated when the ion and electron inner edges of the plasma sheet
differ but are adjacent. In larger separation the azimuihal component may
become comparable to the basic convection velocity. Of course the picture
there Is of qualitative dimension. In order to reveal the different specifics, a
more detailed study is needed. It is quite possible that the two types of sub-
auroral electric fields are consequent time-dependent phases — first penetration
of the convection field, then formation of a new Alfven layer and under appro-
priate conditions — generation of polarizalions ficld.

Cenclusion

_ Several cases of subauroral drift are examined for distur-
bed geomagnctic conditions, where the drift velocities have Jarge meridional
components. The meridional driff may be dominant or comparable with the
azimuthal one. There arc cases when moving from EBO equatorward the drift
velocity vector rotates from azimuihal to meridional. The meridional compo-
nent may be differently oriented for the different MLT sectors. Unfortunately,
we do not have enough statistical data to compose a complete drift direction
pattern in dependence of MLT. The latitudinal profile of the drift explicitly
reveals two types of physical processes: penetration (insufficient shielding) of
magnetospheric convection field and generation of polarization eleciric field
at the inner edge of the plasma sheet [16].
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~ The observational material shows that at altitudes above Fpax, where the
dissociative recombination is negligible, the effect of the strong subauroral
drift over the ion density distribution is not always observed.

The authors are thankful 1o Prof. W. B. Hanson and Dr. R. Heelis for the data, kindly
provided by them on RPA and IDM of Dynamics Explorer-B satellite,

The work was presented as a pait of paper 02. 03, 04 at the Vih Scientific Assembly of
JAGA, Prague 1985,
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Cy6aBpopadbhble CKOpPOCTH JApefida
B BO3MYVLUEHHHIX T€OMArHWTHBIX YCJIOBUAX

P. T. Kosesa, H. Cm. Kymucs

Peswome

[To panupM cnyTiykos Dynamics Explorer-B pacemorpenst
caygay cy0aBpopanbHOre Apefida B BO3MYIIEHHHIX EOMATHUTHBIX YC/IOBHAX,
KOT[a ApeH( HMeeT 3HaYHTENbHYIO N0 BefIHUNIE MEDHAHOHANBHYIO KOMIOHEHTY—
nopsajiKa KMAOMETD 32 CeKyHRY ¥ Gonbiie. Habmmopaiored pasHble COOTHOLICHHSA
MEXLY a3UMYTaNbHOH ¥ MepuJHOHANBHOH KoMmolieutaMu jpeiida: Korja OHH
CPaBHHMBL, KOTL2 Apehd NHOUTH MONHOCTLIO MEPHAHOBANDbHBI (Cayuadw asuMy-
Tanbluoro cyG4appopansHOro gpeiida M3BecTNb O JUTEPATYpE) M Caydal, KOrja
VXOAs OT 3KBATOPHANBHOH rpauumul appopansnoro osana (EI'O) x cpennuMm
uigpoTan, cHauana Bpeolllafiaer a3uMyTanbHad KOMIOHeHTa, a I[OTOM — Me-
pupnoHansnas. B obaactax ycugeuHOH cy0anpopanbiioh KOHNREKIHH H3MEHEHHA
B MOHHON KOHLCHTDPALMHK He Habmogaores ua Beex Bmicorax. HIuporHe# mpo-
.hunb ApefioBEX cKOpoCcTedl TO3BOAAET BBHJIENUTH JBA THIA B NOBEACHHH 3JEK-
TPHUYECKOTO OOJA Kongexkunu: B uepsoM chyvae w@poTHee HPOQUIN ABIAIOTCH
€CTECTBEHIIBIM IPOAOJIKEHHEM aBPOp anbHOl xonBexuny. Ha nux ne nabmopaiorest
ocobenuocty npu nepecevennu ETQ. Bo propom cayuae Ha I'IIB nau nonsipuee
£e CKOPOCTb ABPOPANbHON KOHBEKHUH CHJABHO YMeHRIACTCS WM OOHYJIsercs,
a skparopuanbuee [JIB passusacrca wHopoe wose ppeida. Ilepsuil cayuan
HHTepIIpeTHpyeres] KaK HpOHHKAHHE, HEJOCTATOUHCE SKPAHUPOBAHHE MATHHTO
chepHOTO HOJISL KOHBEKIIHH HA HUCKHC WIHPOTH, 4 BTOPOCH — Kak reHepHpoBaHH
TOASPHSGNMOHIOTO SJIEKTPHUECKOTO N0 Ha BHyTpeHHeH KpPOMKe IJIASMEHHOT
cJiod.
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