FAST FLOW BURSTS AND AURORAL ACTIVATIONS
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ABSTRACT

Flow burst events with a dawn-to-dusk electric field ex-
ceeding 2 mV/m and with a duration of less than 10 min
observed by Geotail are compared with auroral data from
the Polar ultraviolet imager. Temporal and spatial rela-
tionships between the flow bursts and the aurora are ex-
amined. It is shown that all the flow bursts correspond ei-
ther to a localized auroral intensification associated with
small poleward expansions and pseudobreakups or to acti-
vations starting at poleward edge of the expanded auroral
oval, including auroral streamers, that develop equator-
ward toward the foot point of the satellite. Although most
of these auroral activations precede the flow bursts by a
few minutes, the activations that break up near the foot
point of the satellite start within £1 min of the flow burst
onset.

1 INTRODUCTION

Determining the timing of fast flows relative to sub-
storm phase and location of initial brightening and cur-
rent wedge is essential to test the different substorm mod-
els. It is difficult, however, to identify this relationship by
merely using the distance from the Earth or from the tim-
~ Ing relative to the onset of the auroral electrojet indices,
. Since each substorm intensification takes place in a lim-
ted local time region and at different locations. Simulta-
Reous global auroral images, which include both temporal
and §Patial information, are therefore crucial to determine
Spatial/temporal relationships between the flows and au-

Sev‘eral different types of auroral activation are observed
Uring fast Barthward flow events in the tail between

X = —10Rg and X = —30RgE. Fairfield et al. (1999)
reported local brightening and expansion of aurora that
developed near the foot point of the satellite. Sergeev
et al. (1999) reported auroral streamers (N-S aurora) that
suggested a flow channel in the magnetosphere at the foot
point of the satellite. Activation and equatorward expan-
sion of high-latitude auroral patches toward the foot point
of the satellite have also been observed (Nakamura et al.,
1998; Sergeev et al., 2000).

In this study we statistically examine the temporal and
spatial relationships between fast flow bursts and auro-
ral activations in the same local time sector. Data from
the Geotail magnetic field (MGF; Kokubun et al., 1994)
and low energy particle (LEP; Mukai et al., 1994) exper-
iments are analyzed and compared with auroral data ob-
tained from the Polar UVI experiment (Torr et al., 1995).

2 FLOW BURSTS AND ASSOCIATED AURORAL
SIGNATURES

We select Geotail flow bursts events between April 1996
and December 1997 using the following criteria: flows
with strong convection electric field (|(Vx x Bz)| > 2
mV/m) in the inner plasma sheet (3 > 0.5) and when the
satellite was located near midnight (-30Rg < Xgsy <
—~10REg, —5RE < Ygsm < 5Rg). Here, enhancements
in the electric field which are not separated by more than
5 min are regarded as the same electric field enhancement
event. We concentrate on €vents with a total duration not
exceeding 10 min. To examine what type of aurora ac-
tivation take place in association with the flows, we sur-
veyed all auroral images from the Polar UVI experiment
for the flow burst events. There were 31 events in to-
tal when Polar UV images were available simultaneously
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with the flow observations. 27 events correspond to Earth-
ward flow, while 4 events show tailward flows.

All 31 flow burst events correspond to some auroral acti-
vation. The types of aurora observed associated with the
flows can be divided into three categories: aurora related
to poleward expansion/pseudobreakups, 13 events; N-S
aurora (auroral streamer), 11 events; high-latitude acti-
vation (auroral patch or activation of a surge), 7 events.
Whereas the first type of aurora is related to the expan-
sion phase of a small substorm or pseudobreakup, the lat-
ter two are related to an activation later in the expansion
or recovery phase preceded by poleward expansion of au-
rora.

Figure 1 shows a Polar UVI image from 2117:48 UT on
December 10, 1996, during an auroral streamer (or N-S
aurora), which extends equatorward from high latitudes
(78°). On December 10, 1996, a major substorm broke
out at 1659 UT, with two major poleward expansions and
the auroral oval was expanded up to (82°) and followed
by multiple activations of the high-latitude patches and
periods of equatorward extending auroral streamers (not
shown). These auroral activations, which took place dur-
ing enhanced convection as indicated in the ground mag-
netograms, were accompanied by fast flow bursts until 22
UT. General relationships between these auroral activa-
tions and the flow bursts are given by Nakamura et al.
(1998) and Sergeev et al. (2000) and an analysis of an au-
roral streamer compared with fast flow and velocity dis-
persed ions observations is given by Sergeev et al. (1999).
The auroral streamer shown in Figure 1 is observed near
the end of the enhanced convection period.

Shown in Figure 1 is also the Geotail foot point, calcu-
lated from two different models: the circle shows the foot
point calculated using the Tsyganenko 89 (T89) model
[Tsyganenko, 1989) for Kp = 4, which fits best to the
Geotail observations for this instance; the cross shows the
foot point calculated using the Hybrid Input Algorithm
(HIA) model [Kyubishkina et al., 1999]. The latter model
uses input from several spacecraft measurements to mod-
ify the tail current and ring current of the T89 model in
order to obtain a best fit to the satellite observations so
that more accurate mapping can be performed. For this
particular event, ring currents are weakened to 63% of
the T89 model level and the tail current was tilted 2.5° to
obtain best fit to the Geotail data and symmetric axis of
the particle distribution in Los Alamos Satellite data. The
foot point calculated using the HIA model is located just
south-east of the auroral streamer, while the foot point of
the T89 model is located much further south. The first
signature of the equatorward extension of this slanted N-
S aurora (auroral streamer) was apparent in the 2115:11
UT image (not shown) extending equatorward from 75°
latitude. The aurora extended equatorward as can be seen
in 2117:48 UT image. The auroral streamer decayed by
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Figure 1. UVIimage from 2117:48 UT on December 10, 1996,
shown in geomagnetic coordinates. The foot point of Geotai] ig
marked in the figure using two different magnetic field models
as described in the text.
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Figure 2. Magnetic field and plasma signatures detected by Geo-
tail on December 10, 1996. Shown are Bx, Bz, Vx,Vv,Y-
component of the —V X B electric field, and pressure. Con-
tribution from the flow component perpendicular to the ambient
magnetic field is shown as black area in the plots of Vx and Vy.
The black area in the fifth panel shows the contribution from
Vx x Bz. While the solid line shows the total pressure, the bro-
ken line shows the plasma pressure. The vertical line indicates
the onset time of the flow burst event.

2120:52UT.

Magnetic field and plasma signatures detected at Geotail



during the period of the auroral streamers are shown in
Figure 2. Geotail was located in the plasma sheet (see
the high contribution of the plasma pressure to the total
pressure in Figure 2a) at Xgspr = —26.5RE near mid-
night, and observed fast Earthward and duskward flow
associated with a change toward a dipolar configuration.
The flow was directed mainly perpendicular to the mag-
netic field. The dawn-to-dusk electric field, —(V x B)y,
reaches 6 mV/m during the flow events and is mainly con-
tributed by Vx x Byz. The onset of the fast flow was at
2116:40 UT, which corresponds to the time when the au-
rora was expanding toward the Geotail location.

To examine the spatial relationship between flow and au-
roral signature, we determined the relative location of
the localized plasma structure using the method used by
Sergeev et al. (1996), in which the shear structure at the
front side of the fast flowing plasma is analyzed to de-
termine the relative location of the high-speed flowing
plasma-depleted flux tubes, or "bubbles”, based on the
model of Chen and Wolf (1993). Sergeev et al. (1996)
showed that the Earthward moving plasma structures are
separated from the plasma ahead of them by a sharp dis-
continuity. It is then expected that the layer ahead of the
plasma structures exhibits flow and magnetic field shear
consistent with flow around a moving obstacle. For ex-
ample, in the case of an Earthward moving plasma struc-
ture that is located duskside (dawnside) of the observa-
tion point, the front layer’s normal direction should be
tilted dawnward (duskward) and should observe a dawn-
ward (duskward) directed flow component. In this way, it
can be checked from the front-side shear of the flow and
the change in the direction of the magnetic field, whether
the structure is located at the duskside or the dawnside of
the observation point. Since the flows must not always be
directed exactly Earthward, even if observed at the center
of the flow, we checked whether the rotation of the flow in
the X-Y plane is clockwise (anti-clockwise) viewed from
the north to identify whether the flows is observed at the
duskside (dawnside) of the satellite, instead of using the
dawn-dusk component of the flow.

For this event we identified the front layer to be centered
at 2116:40 UT. From the minimum variance analysis of
the magnetic field data between 2116:07 and 2117:31 we
obtained a negative Y -component of the normal direction
of the layer, and a clockwise rotation of the plasma flow
across the layer, which indicates that the plasma structure
is located duskward of the satellite. This coincides with
the location of the auroral streamer, which is also located
duskward of the satellite’s foot point as shown in Figure 1.
In this example, the plasma flows are therefore very likely
associated with the auroral streamer, which is an equator-
Ward stretching auroral structure. The timing of the auro-
Tl feature suggests that the aurora started to evolve first
-t high latitudes, corresponding to a source mechanism
Perating tailward of the satellite, and then extends equa-

torward where the Geotail foot point is located.

3 TIMING OF FLOWS AND AURORAL
ACTIVATION

Timing and location (latitude and MLT) of the aurora rel-
ative to that of the flow bursts are plotted in Figure 3
for different types of aurora (the asterisks correspond to
pseudobreakup/small expansion, the diamonds to auro-
ral streamer, and the triangles to high-latitude activation).
Here the location of the aurora is examined with a resolu-
tion of 1° in latitude and 0.25 MLT.

The left three plots show the location of the auroral bright-
ening for the relative onset time, ty. The top plot shows
the latitude distribution obtained by using the T89 model,
the middle plot shows the latitude obtained by using the
HIA model, and the bottom plot shows the MLT obtained
by using the HIA model. £y = t,0 — tfo, where t,q is the
onset of the auroral activation and ¢ ¢¢ is the onset of the
flow. 49 is obtained by examining the auroral images to
identify the onset of the activation. The midtime between
the time of the last image without aurora and the first im-
age with aurora is plotted as symbol in the figure, and
the ends of the error bars present the times of these two
images. tgo is defined as the onset time of electric field
enhancement, Vx x Bz. Most of the auroral activations
precede the flow enhancements as can be seen in the left-
hand side plots. This tendency is particularly clear for
those related to higher latitude auroral activations, such
as N-S aurora and high-latitude patches. For cases when
the auroral activation starts near the latitude of Geotail
foot point the auroral types were exclusively the pseudo-
breakup/expansion type aurora. Although, both the T89
and HIA models show this tendency, the foot points are
predicted to be closer to the auroral brightening region,
particularly when the flow events occur within 5 min of
the auroral brightening. The bottom left plot shows that
the auroral activation starts at the same local time or ear-
lier local time of the foot point. The aurora precede the
flow activations by 2.9-43.0 min on average. Particularly,
in those cases when the latitude of the breakup region is
several degrees higher or 1 MLT earlier, the time differ-
ence becomes large. On the other hand, the auroral ac-
tivations that break up near the foot point of the satellite
start within =1 min of the flow burst onset.

The right three plots show the location of the aurora for
the maximum of the events, tpr4x, for latitude (top and
middle plots) and MLT (bottom plot). taprax = tonm —
trar, where topr is the time when most intense aurora
was detected in Polar UV image and s is the time of
the maximum in the flow (electric field), 5. The sym-
bols correspond to the onset region while the bars present
the maximum extent of the aurora. Most of the bars cross
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Figure 3. Timing and location (latitude and MLT) of the aurora
relative to that of the flow bursts for different types of aurora:
the asterisks correspond to pseudobreakup/small expansions, the
diamonds to auroral streamers, and the triangle to other high-
latitude activations. The left three plots show the location of the
auroral brightening for the relative onset time, while the right
three plots show the location of the aurora for the maximum of
the events.

the zero level in latitude and MLT, which indicate that
these auroral activations reach the Geotail foot point lo-
cation in the course of development. The right top and
middle plots show that the aurora extend closer to the foot
point latitude for the HIA model as compared to the T89
model, and therefore the former model predicts a closer
relationships between aurora and flows. The timing of the
maximum of the expansion of aurora is slightly preceded
by the maximum of the flows (1.441.8 min), which in-
dicates that the flow event maximize while the aurora is
still developing. Hence close relationships are obtained
both temporal and spatial between the aurora and the flow
bursts.

4 SUMMARY AND CONCLUSIONS

We examined the temporal and spatial relationships be-
tween the flow bursts and the auroral activation near the
satellite foot point. The flow bursts correspond to differ-

ent auroral types: poleward expansion, pseudobreakup,
auroral streamer (N-S aurora), and high-latitude activa-
tion. The frontside flow shear of the fast flow is shown
to be consistent with strong cross-tail localization of flow
bursts. Close relationships are obtained both temporal and
spatial between the aurora and the flow bursts. Although
most of the auroral activations precede the flows, the au-
roral activations that break up near the foot point of the
satellite start within =1 min of the flow burst onset. The
time difference becomes large for those cases when the
latitude of the breakup region is several degrees higher or
1 MLT earlier. The aurora expands covering locations of
the satellite foot points.
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