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Abstract. From satellite data sampling the top ionosphere
in the Northern Hemisphere we have identified strong east-
ward ion drifts, with speeds larger than 1 km/s, widths of
1◦–2◦, occurring at similar temporal and spatial locations
as rapid westward ion drifts known as sub-auroral ion drifts
(SAID). We have called these events “abnormal sub-auroral
ion drifts” (ASAID). Two events observed in the 20:00–
22:00 MLT interval are discussed: the first occurring on 21
September 2003 and the other on 12 October 2003. To-
mographic reconstructions of the electron density in the F-
region, based on satellite data, provided by the Scandinavian
tomography chain, were also available. We have observed
that ASAID are accompanied by upward flows with a speed
of the same order as that of the zonal ion drift. They coin-
cide with deep, narrow troughs in the total ion density, both
at the altitude of the F15 DMSP satellite (850 km) and in
the F-region of the ionosphere, but do not seem to be a fea-
ture of the convective transport. During the entire duration of
ASAID the electron temperature is very high while, contrary
to SAID, the ion temperature has no clear variation. Both
events described in this paper end up turning into classical
SAID. Satellite data indicate that the generator of ASAID
could be located inside the plasmasphere close to the plasma-
pause and we suggest a possible mechanism for their forma-
tion.

Keywords. Ionosphere (Ionospheric disturbances; Plasma
temperature and density)

1 Introduction

One example of the coupling of the magnetosphere-
ionosphere system is the polarization jet (PJ), discovered by
Galperin et al.(1974) and usually referred to as sub-auroral
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ion drift (SAID) (Spiro et al., 1979; Anderson et al., 1993).
They are strong westward ion flows observed in the F-region
and topside ionosphere, with velocities larger than 1 km s−1,
occurring at sub-auroral latitudes (i.e. equatorward of the
nightside auroral zone) at about 50–65◦ geomagnetic latitude
(Anderson et al., 1993; Karlsson et al., 1998). They have a
narrow latitudinal extent (1◦–2◦) and last 30 min to 3 h (An-
derson et al., 1993, 2001). SAIDs are considered to be a
type of sub-auroral polarization streams (SAPS), i.e. broad
westward plasma flow whose width is not necessarily nar-
row (Foster and Burke, 2002; Foster and Vo, 2002; Yeh et
al., 1991).

Satellite observations and modelling results show that
during SAID the ion temperature is high in the F-region,
due to collisions between drifting ions and neutral atoms
while, for most of the cases, the electron temperature is un-
changed (Moffett et al., 1998; Anderson et al., 1993). Some-
times the electron temperature is also increased at F-region
heights (Moffett et al., 1998). SAID events occur mainly in
the 18:00–24:00 MLT sector and are associated with strong
poleward-directed electric fields. Around 85% of them are
accompanied by ionospheric density troughs (Anderson et
al., 2001). They are observed during the substorm recov-
ery phase, although not all SAIDs are related to a substorm
(Anderson et al., 1993; Karlsson et al., 1998; Anderson et
al., 2001). They are often located on the equatorward edge
of the Region 2 current (Anderson et al., 2001; Foster and
Vo, 2002). De Keyser(1999) computed that for typical val-
ues of the height-integrated Pedersen conductivity (0.3 S),
ionospheric electric potential difference (20 kV) and latitu-
dinal width of the SAID (0.5◦) at the altitude of 400 km, the
height-integrated current along the latitude-aligned drift band
is 0.05 A m−1 (see alsoRich et al., 1980). In some cases the
westward ion flow is accompanied by a vertical upward flow
(Anderson et al., 1991).

Three theories try to explain the initiation and develop-
ment of SAID as the result of magnetospheric processes:
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1. The magnetospheric current generator theory (Ander-
son et al., 1993; Karlsson et al., 1998) assumes that
during substorms strong downward FAC (R2 currents)
close with upward FAC (R1 currents) via poleward hor-
izontal Pedersen currents. Due to the low ionospheric
conductivity in the night sub-auroral region, a high pole-
ward electric field is set up, which leads to fast westward
ion drifts. Due to frictional heating and/or to upward
flow the ionospheric density decreases. The ionospheric
conductance decreases, so that a feedback mechanism
acts to further increase the electric field.

2. The magnetospheric voltage generator mechanism in-
troduced bySouthwood and Wolf(1978), based on trac-
ing the drift paths of individual charged particles in
the magnetospheric electric field, predicts an energy-
dependent evolution of the “injection boundary” (McIl-
wain, 1974) because of the dispersion of ions and elec-
trons of different temperatures. This leads to the for-
mation of a space-charge layer (Alfvén layer), which
carries shielding currents because of the non-zero iono-
spheric conductivity. During a plasma injection, ions
penetrate closer to the Earth than electrons (in the equa-
torial plane), generating a charge separation electric
field that maps into the high-latitude ionosphere as a
poleward electric field. When the substorm progresses
the thickness of the space-charge layer decreases and
the charge-separation electric field increases. This re-
sults in a fast westward ion drift in the ionosphere. From
this point forward the scenario resembles the previous
one. However, because the Alfvén layer thickness is
of the order of 1RE , the space-charge layer remains,
therefore, relatively thick, making it hard to explain the
narrow latitudinal extent of SAID layers.

3. The third mechanism (Lemaire et al., 1997; De Keyser
et al., 1998; De Keyser, 1999, 2000) explains SAID as
the result of a different type of magnetospheric voltage
generator. The physical mechanism focuses on the mi-
crophysics of an inward moving injected plasma front.
The finite gyroradius effects at this front interface are re-
sponsible for creating fine-scale structure, which allows
one to interpret the narrow SAID as the ionospheric sig-
nature of such a magnetospheric interface between cold
plasma trough and hot injected particles. The azimuthal
shear flow between the injected plasma and the partially
corotating plasmatrough in the vicinity of the plasma-
pause, together with the thermoelectric effects at the
interface, are responsible for the generation of intense
electric fields in the premidnight sector, where SAID
events are observed.

In the present paper we focus on what we think to be a new
kind of ionospheric plasma flow: strongE×B eastward ion
drifts. During several days of September and October 2003
the DMSP F15 satellite measured several ion drifts, with

speeds larger than 1 km/s, widths of 1–2 degrees and oc-
curring at similar temporal and spatial locations as “normal”
SAID (i.e. in the pre-midnight sector and at sub-auroral lati-
tudes) but flowing eastward. Such flows are intriguing since
none of the SAID theories predicts the possibility of an east-
ward ion drift and/or of an equatorward orientation of the
associated electric field. For obvious reasons we have called
them ASAID – Abnormal Subauroral Ion Drifts. They are
rare (a search of several months before and after the period
when the ASAIDs were observed showed nothing similar),
but the analysis of their characteristics might help in identi-
fying the most probable mechanism at work when a SAID or
a SAPS is observed.

2 Observations

Our analysis is based on DMSP data (F15) providing hori-
zontal and vertical ion drifts, plasma density, ion and elec-
tron temperatures, magnetic variations, electron and ion pre-
cipitation in the form of downward differential energy fluxes.
The F15 spacecraft has a polar sun-synchronous orbit (fixed
in local time), sampling the upper ionospheric plasma at
about 840 km in an approximately 21:30–09:30 local time
orientation. Its orbital period is 101 min. The spacecraft col-
lects data across a 3000-km swath, providing global coverage
of the Earth twice per day (e.g.Drayton et al., 2005). The ion
drift meter (IDM) instrument is known to produce poor re-
sults when the density is below approximately 1×103 cm−3

(F. J. Rich, personal communication). In the events discussed
in the present paper, an ion density as low as the mentioned
level has never been reached. Caution must be also paid
when the ion density is below 3×103 cm−3 (F. J. Rich, per-
sonal communication), but in such cases the instruments pro-
duce usable data as long as the ion composition is essentially
O+ ions (http://cindispace.utdallas.edu/DMSP/quality.htm).
When the percentage of H+ or He+ in the plasma increases
above 15%, the IDM is compromised and the data are not
reliable (Drayton et al., 2005). We have checked the relia-
bility of the F15 data similarly to the method used inDray-
ton et al.(2005). Each 4-s averaged data point is assigned
a quality tag of 1 (measurement is reliable), 2 (measure-
ment is questionable, use with caution), 3 (measurement is
poor), or 4 (measurement quality is undetermined). There-
fore we checked the ion percentage, removed those points
corresponding to measurements when the percentage of light
ions was too high, and used only ion data for which the oxy-
gen ions percentage was high enough to give reliable results
(i.e. quality tag 1) . Regarding the problem of photoelec-
trons, we have chosen only F15 data which, at the time of the
selected events, were on the dusk-premidnight sector. There-
fore the effect of photoelectrons should not be important.

In order to assess the possible effect of the Interplane-
tary Magnetic Field (IMF) and of the convective transport
of ionospheric plasma on the ASAID, we have also used

Ann. Geophys., 26, 1955–1963, 2008 www.ann-geophys.net/26/1955/2008/

http://cindispace.utdallas.edu/DMSP/quality.htm


M. Voiculescu and M. Roth: Eastward SAID 1957

-2

-1

0

1

2

V
e
l
(k

m
/s

)

(a) UT = 15:34, MLT = 20:46

1

10

D
e
n
s

(1
0

9
m

-3
)

1

3

5

T
e
m

p
(1

0
3

K
)

2

3

4

E
le

c
tr

o
n
s

52.76 58.95 65.06

4

3

2

AACGM LAT (deg)

Io
n
sL

o
g

E
n
e
rg

y
(e

V
)

55.14 61.96 68.89
AACGM LAT (deg)

A
lt

(k
m

)

(b) UT = 18:58, MLT = 21:01

200

300

400

500

(c) UT = 20:39, MLT = 21:16

54.23 61.42 68.83
AACGM LAT (deg)

5

7

9

e
le

c
tr

o
n
s

Log
Energy

Flux

3

5

7

io
n
s

(d) UT = 03:24, MLT = 20:16

100

200

D
B

z
(n

T
)

59.17 64.89 70.34
AACGM LAT (deg)

Fig. 1. The case of 21 September 2003. Each vertical set of panels(a–d) corresponds to a 5-min time interval from selected DMSP
crossings when an ASAID (and, at the end, a SAID) was observed. A single plot has been added on top of panel (b) to show the results of a
tomographic reconstruction of the electron density in the F-region, corresponding to the MLat where the ASAID was observed. UT and MLT
of the beginning of each interval are placed on top of each vertical panel (for instance, in panel (a), the satellite is at 52.76◦ MLat at 15:34 UT
and 20:46 MLT). For the DMSP data, the cells of the first row illustrate the profiles of the transversal and vertical ion drift velocity (green
crosses: horizontal ion drift with positive values in the westward direction; black circles: vertical ion drift, positive values upward). The
second row illustrates the profiles of the ion density (magenta “x” symbols) and of the magnetic deviation in the east-west direction (black
curve). The third row illustrates the temperature profiles (blue asterisks: electron temperature; red diamonds: ion temperature). Markers
show good data points. Finally, the last two rows display the electron (top) and ion (bottom) differential energy fluxes.

IMF measurements in the solar wind, provided by the ACE
spacecraft, to model the convection pattern by means of the
Weimer convection model (Weimer, 1995).

We have restricted our investigations to the Northern
Hemisphere because, for these events, observations of iono-
spheric electron density in the F-region by satellite tomogra-
phy means were available (for details about the tomographic
chain and tomographic images of the ionosphere used here,
seeNygrén et al., 1996, andVoiculescu et al., 2006). The
tomographic chain scans the ionosphere at a geographical
longitude 20◦ E and has a geographical latitudinal coverage
from about 55◦ N to 75◦ N. Coincident DMSP passes are ex-
pected in an interval of 2–3 h centered at 18:00 UT.

The eastward drifts were observed on several days be-
tween 18 and 25 September 2003, at latitudes of 57◦–60◦

MLat and during the 9–12 October 2003 period around 65◦

MLat. Unless otherwise explicitly stated, in this paper the
latitude and longitude are Altitude Adjusted Corrected Geo-
Magnetic coordinates and are abbreviated as “MLat” for lat-
itude and “MLong” for longitude.

In the following we will concentrate only on two events:
the first one occurring on 21 September 2003 and the sec-
ond one on 12 October 2003. By “event” we mean the en-
tire interval during which a rapid eastward drift was seen in
satellite data, starting with the time of the satellite pass when
a spike was observed first and ending with the time of the
last pass when the ASAID was still seen in the velocity data.
The ASAIDs were observed in the 20:00–22:00 MLT inter-
val, when F15 passes over the Northern Hemisphere at local
evening-night time.

2.1 The case of 21 September 2003

On 21 September 2003 (Fig. 1) an eastward spike in the hor-
izontal velocity was seen first at 15:34 UT. The drift was ob-
served during five successive passes among which we have
selected three examples, shown in panels (a–c) of Fig. 1.

This event seems to start around 13:30 UT (plot not shown
in Fig. 1), when F15 observed a local reduction in the west-
ward ion velocity, at 58◦ MLat, 71◦MLong. The westward
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ion velocity decreases from about 700 m/s at 56◦ MLat to 25
m/s at 57.5◦ MLat and increases to 1000 m/s at 58.5◦ MLat.
A fast upward ion flow and a reduction in the ion density are
observed at the same location.

After 90 min, i.e. at the time of the next DMSP pass, the
top cell of panel (a) shows that, at that particular location, the
ion velocity (green crosses) turns eastward while the back-
ground flow remains westward. The velocity of the upward
flow, represented by black circles in same panel, is also high.
Both ion drifts are localized, spanning about 0.5◦–2◦ in lati-
tude. The eastward ion velocity increases rapidly with time,
so that at 17:16 UT an eastward jet is observed in the ion ve-
locity field at 58◦ MLat, with velocities reaching more than
2000 m/s (plot not shown). The eastward ion drift is seen
during the following four passes, among which two of them
are shown in the top cells of panels (b) and (c) in Fig. 1.
The ASAID event lasts for about (at least) 5 h. The veloc-
ity varies slightly but remains high until at least 23:00 UT,
the time of the last DMSP pass when the high eastward ion
velocitiy is seen in the sub-auroral region. The evolution of
ASAID suggests that there is an anticorrelation between the
latitudinal width and the peak velocity. This is similar to
what Figueirido et al.(2004) observed for SAIDs. Around
01:30 UT the drift turns westward, so that at 03:40 UT (top
cell of panel (d) in Fig. 1) the ASAID turns into a classic
SAID – a westward ion drift with similarly high velocities.
The upward ion flow is still observed when the zonal jet
changes toward west but its peak is no longer coincident with
the zonal one but is located at about 1◦ north.

The other parameters also vary at the location of the
ASAID (see second and third rows in Fig. 1). An ion den-
sity trough at 850 km, whose width is almost the same as the
width of the ion jet, is seen in satellite data during the en-
tire period. Images of the electron density in the F-region are
displayed in the form of altitude-latitude plots in a magnetic
meridional plane at about 104◦ MLong. The electron density
in the F-region is obtained by means of satellite tomogra-
phy from the Finnish chain receivers (Nygrén et al., 1996).
The latitudinal extent of the reconstructed electron density is
about 15◦, between 57◦ and 72◦ MLat. The F15 DMSP satel-
lite passes over this chain at 18:00±1:30 UT. On 21 Septem-
ber 2003 there was a tomographic reconstruction of the F-
region at 18:35 UT (shown at the top of panel (b) in Fig. 1),
i.e. close to the time when the eastward spike is seen in the
DMSP measurements, namely 18:59 UT. A density trough,
centered at 58◦ MLat, is seen in the F-region, whose walls
are almost aligned with the edges of the ASAID. This means
that the trough observed at the topside ionosphere extends
down to F-region altitudes.

In the tomographic reconstructions of the F-region at ear-
lier times a narrow trough is seen between about 60◦ and
61◦ MLat, starting at 14:58 UT, i.e. 17:30 MLT. Another
DMSP satellite, F13, whose orbit crosses the northern au-
roral region at about the same time shows that the zonal
velocity at this MLT is westward and small. Model re-

sults show that the F-region trough extends longitudinally to-
wards 21:00 MLT (Schunk, 1988; Quegan, 1989), which in-
dicates that the trough might have preceded the eastward jet.
Since no other coincident measurements of the ionosphere
are available for this event, it is difficult to draw any conclu-
sion about the cause-effect relationship between the ASAID
and the F-region trough.

During the event theBz component of the IMF was most
of the time southwards. Towards the end of the ASAID event
Bz turned northwards. The IMFBy component was mostly
negative but changed to positive values some time earlier,
when the ASAID was still observed. Convection models
based on IMF data (Weimer, 1995) show that the ASAID
is observed close to the edge of the dusk cell, where the con-
vective flow is slow and westward. This is supported by the
velocity profile provided by DMSP data. Poleward of the
ASAID the velocities are westward and have values up to
700–1000 m/s. The geomagnetic activity is medium, with
Kp decreasing from 4 to 3 during the event. The AL index
decreases to−1000 around 12:00 UT, a short time before the
ASAID was observed, and recovers towards 18:00 UT. The
AU index is small, which, together with the AL variation, in-
dicates a substorm activity, according toBurke et al.(2006).

The electron temperature is extremely high, reaching more
than 6000 K, during the ASAID duration. At 15:34 UT
(panel (a) of Fig. 1), when the eastward drift is still small
but the upward ion flow is high, the ion temperature has a
slight increase at the point where the eastward turning of the
velocity is observed. During the following passes there is
no clear ion temperature variation. Satellite data from previ-
ous passes show that the electron temperature had nearly the
same value before the ASAID started to develop.

Spectrogram data from DMSP show that the maximum
of the ASAID velocity occurs in regions void of precipita-
tion, around 2◦–4◦ south ofb1e, the zero-energy boundary
of the electron precipitation, which coincides withb1i, the
zero-energy boundary of the equatorward ion precipitation,
both identified automatically using the criteria ofNewell et
al. (1996). The automatic identification of boundaries also
identifies b0, which is the latitude at which precipitation
above which noise level is observed (often but not neces-
sarily b0≈b1e≈b1i) and that would correspond to the far-
thest closed magnetic field lines. Whenb1eandb1i are very
close, this boundary could be identified as the footprint of
the plasmapause (Newell et al., 1996). This suggests that
the magnetic footprint of the ASAID event in the equatorial
plane is located somewhere inside the plasmasphere, close to
its edge. The existence of a dispersive signature, the spread
in energy, the coincidence with electron precipitation sug-
gest that the source of the precipitation is the plasma sheet
(Newell et al., 1996; Kauristie et al., 1999; Hultqvist, 2002).
Towards the end of the event (starting around 22:20 UT) the
boundary of ion precipitation starts to move equatorward,
so that when the ASAID ends and turns into a SAID (at
01:40 UT), the ion precipitation is almost completely south
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Fig. 2. The case of 12 October 2003. See caption of Fig. 1 for details. Note that, in this figure, the reconstructed F-region density is on top
of the third vertical panel.

of the zero-energy boundary of the electron precipitation.
Strong electron acceleration events are also observed at this
time.

Magnetometer data show that most of the time the latitu-
dinal variation of the magnetic field east-west deviation is
either zero or small and positive, which, in the thin sheet ap-
proximation (e.g.Anderson et al., 2001), indicates that the
ASAID is observed in regions with zero or very small down-
ward current. On the other hand, an oscillating significant
downward current is observed when the zonal jet turns west-
ward (Fig. 1, panel d), as is the case for many SAID obser-
vations (e.g.Anderson et al., 2001).

There is no similar observation in the Southern Hemi-
sphere, suggesting either that the source is local, or that the
ionospheric conditions play a role, as is also the case for
many SAID events (Anderson et al., 2001; Figueirido et al.,
2004). One such condition could be an ionospheric trough,
whose location and characteristics are different in the two
hemispheres, due to the different offset between geographi-
cal and geomagnetic axes (Horwath and Essex, 2003).

2.2 The case of 12 October 2003

On 12 October 2003 (Fig. 2) an eastward drift of about
1000 m/s was first measured at 13:40 UT at 67◦ MLat (Fig. 2,
panel (a), top cell, green crosses). Unlike the case of 21

September 2003, this event starts abruptly. There is no pre-
vious perturbation of the background westward convection
flow and the other parameters, namely the temperatures, den-
sity and velocity do not show any particular behavior dur-
ing previous passes. The DMSP F15 satellite observed the
ASAID during each pass until 20:24 UT, when it ends by
suddenly reversing its direction and turning into a westward
SAID (whose speed is more than 2000 m/s – panel d), as in
the case of 21 September 2003. The eastward drift is ac-
companied by an equally fast upward ion flow (black dots),
which is significantly reduced when the horizontal flow is
westward. The jet is narrow, with widths between 1◦ and 2◦.

The ASAID coincides with a density trough in the topside
ionosphere. A well-defined trough is seen in tomographic
reconstruction of the F-region at 18:47 UT (the single plot
added at the top of panel c in Fig. 2), very close to 18:44 UT,
when the DMSP F15 satellite observes the ASAID. The
alignment of the trough with the ASAID and with the density
depletion observed in the topside ionosphere is better than in
the case of 21 September 2003. Previous tomographic im-
ages of the F-region show that a shallow trough was present
at 15:12 UT (≈17:25 MLT) between 69◦ and 71◦ MLat. This
trough is north of the location where the ASAID and the as-
sociated upper ionospheric trough are observed at the same
UT by the F15 satellite, 45◦ eastwards (i.e. at 20:45 MLT).
Therefore it is difficult to say whether the evening F-region

www.ann-geophys.net/26/1955/2008/ Ann. Geophys., 26, 1955–1963, 2008
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trough seen in Fig. 2 is the extension of the afternoon trough,
preceding the ASAID. However, we note that, in the tomo-
graphic reconstructions, the F-region trough is seen at the
same latitude until at least 21:08 UT (≈23:45 MLT). This is
unexpected, since it is well-known that, in the pre-midnight
sector, the F-region trough moves to lower magnetic lati-
tudes with time (Rodger et al., 1992; Voiculescu et al., 2006).
We infer that the ionospheric trough, extended from 300 to
850 km, is linked to the ASAID.

The latitudinal profiles of the density (Fig. 2, second row,
magenta “x” symbols) and temperatures (third row) at the al-
titude of 845 km show the same variations as in the case of 21
September. Except for the first plot at 13:40 UT, panels (b)
and (c) display a significant increase in the electron temper-
ature and no clear variation of the ion temperature. The elec-
tron temperature drops in the end of the event, so that during
the SAID its value is normal (Fig. 2, panel d). The ion tem-
perature is slightly higher at the SAID location, as expected
at the altitude of 850 km (e.g.Moffett et al., 1998).

During the first 3 h the ASAID has a slow movement equa-
torwards, reaching 64◦ MLat at 17:00 UT, followed by a
poleward retreat to the original location during the next hour.
The geomagnetic activity is low, withKp around 1. A neg-
ative excursion in AL of−200 nT was recorded between
10:00 and 12:00 UT, right before the ASAID was observed
the first time. The equatorward movement took place some-
time before 17:00 UT, and around 16:00 UT a second brief
excursion was observed in the AL index. Although both vari-
ations are small, they could account for the small displace-
ment of the ASAID towards the equator.

The interplanetary background is also quiet. During the
event the z-component of the IMF was negative and small
(with some brief turnings). The y-component of the IMF
was also small and varying, except during the last couple of
hours when it increased to positive values of 4 nT. For such
IMF conditions, ionospheric plasma convection is slow and
confined to high latitudes (Weimer, 1995). The ASAID is
thus located, as in the previous case, at the border of the
convection cell, where the convection velocity should be, ac-
cording to the Weimer modeled pattern, westwards and ex-
tremely slow (if convecting at all). This is confirmed also by
DMSP velocity data that reveal a smoothly varying westward
velocity poleward of the ASAID. It should be mentioned that
ACE data show a sudden increase in the solar wind pressure,
a decrease in the IMF magnitude, and a relatively small vari-
ation of the solar wind velocity at 11:20 UT. The resulting so-
lar wind impulse should be felt at the magnetosphere around
12:30 UT, i.e. shortly before the ASAID was observed the
first time by DMSP.

The particle precipitation (bottom rows), mirroring the
state of the inner magnetosphere, has other characteristics
than for the 21 September 2003 event. The poleward edge of
the ASAID is colocated with the zero-energy electron bound-
ary (b1e) and the maximum eastward velocity coincides or is
very close to the ion precipitation boundary. The ion precip-

itation is clustered in a relatively narrow band of high energy
and takes place at lower latitudes than the electron precipita-
tion. The dispersive signature of the ions is weaker or absent.
The automatic identification of boundaries, placesb2i (the
point where the energy flux of ions above 3 keV has a max-
imum) at lower latitudes thanb1e(the zero-energy electron
precipitation boundary) andb1i (the zero-energy ion precip-
itation boundary), which suggests that the source of ion pre-
cipitation is the ring current or an injection of high energy
plasma (Newell et al., 1996; Kauristie et al., 1999). Since
the latter is associated with disturbed geomagnetic conditions
and 12 October 2003 is a very quiet day, we infer that the
source of the ion precipitation is the ring current.

When the zonal flow turns westward the structure of pre-
cipitation also changes (panel d). It reveals a strong and lati-
tudinally extended electron acceleration process poleward of
the SAID, while two sheets of downcoming energetic ions
are seen on each side of the electron acceleration region, the
equatorward one being coincident with the SAID (see spec-
trograms in the last cell of panel d). We assume that the zonal
ion drift changed its direction when energetic electrons of the
plasma sheet came close enough to the ion sheet to generate
the poleward electric field associated to SAID.

Magnetometer data indicate that ASAID does not coin-
cide with a parallel current sheet. A downward current de-
velops at the poleward part of the ASAID at 18:43 UT and
extends gradually to lower latitudes. When the ASAID turns
into SAID the zonal drift is embedded in a downward current
sheet of approximately 0.5µA/m2, calculated from the vari-
ations of magnetic field deviations, as it is the case with most
SAIDs (e.g.Anderson et al., 2001).

A weaker and more irregular eastward drift, together with
a lower upward ion drift (both of≈1000 m/s) are observed
in the Southern Hemisphere at about 68◦ MLat, at 13:05 UT
(22:36 MLT), shortly after the solar wind impulse mentioned
above reached the magnetopause and right before the first
observation of the ASAID in the Northern Hemisphere. An
upward flow, but no eastward drift, is observed in the follow-
ing southern passes.

3 Discussion and conclusions

The rapid eastward sub-auroral ion drifts have similar char-
acteristics:

1. The ASAID events were observed at sub-auroral lati-
tudes between 20:00 and 21:30 MLT. They were not en-
countered in other intervals where DMSP coverage was
available, i.e. in intervals centered at 18:00 MLT or on
the dawnside, around 06:00 and 09:00 MLT.

2. The ASAID events are accompanied by upward flows
with equally high velocities. The upward flows diminish
when the zonal flow turns westward.
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3. The ASAID events coincide with deep, narrow troughs
in the total ion density, both at 850 km altitude and in
the F-region.

4. Modeled convection patterns based on IMF values show
that the location of ASAID is very close to the equator-
ward edge of the dusk convection cell, at latitudes where
the plasma convection is low or dominated by corota-
tion. This is confirmed by the latitudinal profiles of the
zonal velocities measured by DMSP satellites. In other
words, ASAID does not seem to be a feature of the con-
vective transport.

5. The electron temperature is very high during the entire
duration of the ASAID, while the ion temperature has
no clear variation. In the case of 21 September 2003 a
high electron temperature was observed before the event
started to develop, with values close to the those ob-
served during ASAID.

6. Both events end up by turning into a classical SAID, i.e.
the direction of the zonal ion velocity reverses, reaching
rapidly high values in the westward direction.

7. In both cases the ASAID was preceded by AL varia-
tions, which indicates that ASAID could be linked to
(weak) substorm activity.

A possible explanation for the eastward flow is not at all
straightforward. None of the theories that explain the forma-
tion of SAID predicts the occurrence of eastward sub-auroral
ion drifts in the premidnight sector (or of equatorward elec-
tric fields), where the convection is generally westward. The
upward ion flow could be explained as a consequence of
temperature gradients induced by frictional heating of ions
at lower altitudes, from where, unfortunately, observational
data are not available.

It is generally accepted that high electron temperatures
in the topside ionosphere are the result of downward trans-
port of heat generated inside the inner magnetosphere due to
Coulomb collisions between ring current ions and plasmas-
pheric particles (Mishin and Burke, 2005; Wang et al., 2006).
According toWang et al.(2006) andPrölss(2006) the equa-
torward edge of the electron temperature gradient indicates
the location of the equatorward edge of the ring current. El-
evated electron temperatures at sub-auroral latitudes might
also occur on field lines linked to the equatorward edge of a
steep density gradient inside the plasmasphere (Green et al.,
1986). Another hypothesis is that a high sub-auroral electron
temperature is an indicator of the location of the plasmapause
(Brace et al., 1988).

Since we have no information about the F-region for all
DMSP passes, it is impossible to establish the cause-effect
relationship between the ASAID and the trough. Different
explanations could be suggested:

1. the ionospheric trough is the result of ASAID, similarly
to the trough generated by SAID (Anderson et al., 1993,
2001). The elevated electron temperature could cause
the vibrational excitation of molecular nitrogen which
could deepen the F-region trough by increasing the ion
loss rate more effectively than both frictional heating
and molecular expansion (Moffett et al., 1998; Vlasov
and Kelley, 2003);

2. the trough is a direct consequence of the same processes
that contribute to the formation of the eastward jet.

The main difference between the two types of ASAID de-
scribed in this paper is the structure of the precipitation re-
gions and the location of the ion drift relative to the precipi-
tation boundaries, described in the previous section. During
the 12 October 2003 event (Fig. 2) ion precipitation origi-
nates probably in the ring current and the ASAID is located
very close to the outer edge of the plasmasphere butinside.
This would mean that the plasmasphere extends to 6–7RE ,
which is not surprising because bothy andz components of
the IMF are small and in such cases the plasmasphere could
extend to more than 7RE (Denton et al., 2004). The 21
September 2003 event occurs at much lower latitudes but one
should keep in mind that the geomagnetic activity is higher
and the interplanetary conditions are no longer quiet. The
ion precipitation is weaker than in the case of the 12 Oc-
tober 2003 and the ASAID is 1–4◦ equatorward from both
the zero-energy electron and ion precipitation boundaries.
The precipitation structure is similar to what is observed for
SAID by Anderson et al.(2001). This is intriguing because
none of the SAID theories predicts a possibility that the elec-
tric field at the equatorial plane is oriented earthward, i.e.
equatorward in the ionosphere.

The location of ASAIDs relative to the precipitation re-
gions in both cases, as well as the high electron temperature
associated with ASAIDs, suggest that these events are mag-
netically connected with a generator located very close to the
plasmapause. Both ASAID events described in this paper
are observed equatorward of the ionospheric mapping of the
plasmapause. The theories and observations describing the
possible formation mechanisms of SAIDs assume that the
generator is outside the plasmasphere (Anderson et al., 1993;
Karlsson et al., 1998; Southwood and Wolf, 1978; Lemaire
et al., 1997; De Keyser et al., 1998) or located at the plasma-
pause (Puhl-Quinn et al., 2007).

Although there are some differences, especially in the pre-
cipitation structure, the existence of similar characteristics,
i.e. high electron temperatures, upward flow, ionospheric
troughs, no significant current, suggests that the explanation
could be the same for both events. We propose the following
scenario to explain the formation of the observed eastward
drifts, associated with an equatorward electric field. The
mechanism that we propose is the counterpart of that pro-
posed byLemaire et al.(1997) andDe Keyser et al.(1998)
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for the formation of SAIDs. In the case of ASAIDs an earth-
ward field developing in the equatorial plane is required, and
this might be generated by finite gyroradius effects at the
interface between the hot ring current and the cold plasma-
trough. This mechanism requires a particular configuration
of the inner magnetosphere and this could be the reason for
which ASAIDs are not frequently observed. Hot ring cur-
rent particles overlap with the plasmasphere, so that the outer
edge of the ring current coincides with the plasmapause. The
hot ions from the ring current create an excess positive charge
in the plasma trough because of their larger Larmor radius
and leave a deficit of negative charges inside the ring cur-
rent region. Since the ring current is closer to the Earth than
the cold neighbouring plasma trough, an earthward polarisa-
tion electric field builds up. Note that at the other interface,
between the ring current and the dense plasmasphere, a sig-
nificant electric field created by charge separation is unlikely,
since the high density of plasmaspheric electrons act to main-
tain the charge neutrality.

When the present paper was in the review stage,Ebihara
et al.(2008) reported that an antisunward flow was observed
in SuperDARN radar data at sub-auroral magnetic latitudes
in the afternoon-evening MLT sector. An antisunward flow
in the evening sector means an eastward flow, similar to what
we have reported in the present paper. Like “our” ASAIDs,
the event observed byEbihara et al.(2008) is located equator-
ward of the inner edge of plasma sheet electron precipitation.
They attribute these events to a coupling between ring current
and ionosphere, associated to an overshielding condition.

In this paper we aimed only at signaling, for the first time,
the existence of ASAIDs and at describing some first obser-
vational characteristics. Based on observations we suggest a
possible mechanism that is capable of producing strong equa-
torward electric fields that generate strong eastward ion drifts
at ionospheric heights. However, this is only a tentative ex-
planation and both a detailed analysis of an extended data
set, as well as observational data from the inner magneto-
sphere are necessary for a better understanding of this new
phenomenon.
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