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Abstract Although Strong Thermal Emission Velocity Enhancement (STEVE) and subauroral ion drifts
(SAID) are often considered in the context of geomagnetically disturbed times, we found that STEVE and SAID
can occur even during quiet times. Quiet-time STEVE has the same properties as substorm-time STEVE,
including its purple/mauve color and occurrence near the equatorward boundary of the pre-midnight auroral
oval. Quiet-time STEVE and SAID emerged during a non-substorm auroral intensification at or near the
poleward boundary of the auroral oval followed by a streamer. Quiet-time STEVE only lasted a few minutes but
can reappear multiple times, and its latitude was much higher than substorm-time STEVE due to the contracted
auroral oval. The THEMIS satellites in the plasma sheet detected dipolarization fronts and fast flows associated
with the auroral intensification, indicating that the transient energy release in the magnetotail was the source of
quiet-time STEVE and SAID. Particle injection was weaker and electron temperature was lower than the events
without quiet-time STEVE. The plasmapause extended beyond the geosynchronous orbit, and the ring current
and tail current were weak. The interplanetary magnetic field (IMF) B, was close to zero, while the IMF B, was
dominant. We suggest that the small energy release in the quiet magnetosphere can significantly impact the flow
and field-aligned current system.

Plain Language Summary The purple/mauve-colored Strong Thermal Emission Velocity
Enhancement (STEVE) emissions tend to occur at mid-latitudes during geomagnetically active times. We found
that STEVE also occurs during geomagnetically quiet times. The occurrence region is much higher in latitude
because the auroral oval is smaller during quiet times. Quiet-time STEVE only lasted a few minutes but can
occur repetitively. Quiet-time STEVE is preceded by a weak auroral intensification and is associated with fast
plasma streams in the ionosphere. The Time History of Events and Macroscale Interactions during Substorms
(THEMIS) satellites in the magnetotail detected a sudden energy release, which is suggested to be the energy
source for the auroral intensification and quiet-time STEVE. THEMIS also showed that the magnetosphere was
very quiet and the temperature of the plasma sheet electrons was unusually low. We suggest that the sudden
energy release in the quiet magnetosphere drive unexpectedly intense plasma streams and quiet-time STEVE.

1. Introduction

Strong Thermal Emission Velocity Enhancement (STEVE) is a purple/mauve-colored arc that appears near the
equatorward boundary of the auroral oval, typically occurring around 60° magnetic latitude (MLAT) (MacDonald
et al., 2018). STEVE is associated with intense subauroral ion drifts (SAID) during large substorms (Archer
et al., 2019; Gallardo-Lacourt et al., 2018; Nishimura et al., 2019, 2020a). STEVE tends to emerge when the
substorm auroral surge and streamers pass through the pre-midnight sector, indicating that fast flows and particle
injections during substorms create this phenomenon. Auroral streamers often begin with a poleward boundary
intensification (PBI) of the auroral oval, which is regarded as the ionospheric counterpart of magnetotail
reconnection (Lyons et al., 1999). Weaker ion injection and stronger electron injection than non-STEVE injection
confine the region-2 downward field-aligned currents (FACs) and to increase the conductance gradient for the
formation of SAID (Nishimura et al., 2019). A recent review by Nishimura et al. (2023) describes more details on
the properties of STEVE.
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Although STEVE has been recognized as a phenomenon during geomagnetically disturbed times (hereinafter
referred to as substorm-time STEVE), Gallardo-Lacourt et al. [submitted; attached as a related manuscript]
recently showed that STEVE can also occur during quiet times. Quiet-time STEVE was detected at Yellowknife
(69.4° MLAT), at a much higher latitude than substorm-time STEVE, and it has been severely underexplored.
SAID are often perceived as a phenomenon during geomagnetically disturbed times, as the related FACs and
precipitation are larger than during quiet times (Anderson et al., 2001). Nightside plasma flows are generally weak
during quiet times, but fast and narrow plasma flows have been reported on the nightside even in quiet times, at
much higher latitudes than SAID during disturbed times (Archer & Knudsen, 2018). It is not well understood how
such fast flows can form during quiet times at high latitudes and how they are related to SAID.

STEVE-like emissions have also been reported at high latitudes (Dreyer et al., 2021; Whiter et al., 2021). The
STEVE-like emissions have a much shorter duration (less than a minute) and appear near the poleward boundary
of the auroral oval. Since quiet-time STEVE is observed near the equatorward boundary of the auroral oval, the
STEVE-like emissions are different from quiet-time STEVE. Nevertheless, these works suggest that STEVE and
STEVE-like emissions are not necessarily limited to disturbed conditions but could also occur in various regions
and magnetic conditions.

The present study examines the auroral and magnetotail dynamics during quiet-time STEVE using simultaneous
observations from all-sky imagers (ASIs) and the Time History of Events and Macroscale Interactions during
Substorms (THEMIS) satellites. The first event had THEMIS at post-midnight close to the local time of auroral
intensification (Section 2.1), and the second event had THEMIS at pre-midnight close to the quiet-time STEVE
(Section 2.2). We also present the Super Dual Auroral Radar Network (SuperDARN) radar observations for the
second event. Section 2.3 presents events without quiet-time STEVE and discusses differences between events
with and without quiet-time STEVE.

2. Results
2.1. 24 February 2019 Event

Figure 1 shows solar wind and geomagnetic conditions during the event on 24 February 2019. The interplanetary
magnetic field (IMF) observed by Geotail was dominated by B,, and the IMF B, was weakly positive (Figure 1a).
The AU, AL and SYM-H indices were very low (Figures 1b and 1c), indicating a geomagnetically quiet time. The
ground magnetic field at Rankin Inlet (72.4° MLAT and 23.8 hr MLT at 06:20 UT) remained quiet until 06:20
UT, but then showed small disturbance with AH ~ —150 nT (Figure 1d). The enhancement in the negative H-
component indicates an intensification of the westward electrojet in the nightside high-latitude ionosphere.
Rankin Inlet is located ~3° poleward of Fort Churchill, one of the AE stations. Since the AU and AL indices were
small, the electrojet was located poleward of typical electrojet latitudes.

Figures le—1g present north-south keograms of the red, green, and blue channels from the AuroraMAX ASI at
Yellowknife (69.4° MLAT and 21.5 hr MLT at 06:20 UT). AuroraMAX ASI is operated by the University of
Calgary and provides colored all-sky images every 6 s. The aurora remained quiet until 06:20 UT (Figures le-1g).
The ASI only detected a single quiet arc at ~70° MLAT and did not show any other substantial auroral emission
equatorward or poleward of the arc. Thus the auroral oval at this location was extremely thin. Even though the
IMF B, was weakly northward, the auroral arc slowly moved equatorward. It suggests that electromagnetic
energy was being loaded to the magnetotail, although we do not have global imaging to accurately determine the
amount of open magnetic flux. Corresponding to the ground magnetic field disturbance at 06:20 UT, an auroral
intensification occurred and expanded poleward and equatorward. The auroral intensification initiated poleward
of the pre-existing quiet arc. Because there was no aurora poleward of the quiet arc before 06:20 UT, the auroral
intensification can be recognized as a poleward boundary intensification (PBI), which is known to occur even
during quiet times (Lyons et al., 1999). Magnetotail reconnection is also known to occur during a northward IMF
(Grocott et al., 2003). This was not a substorm auroral onset, because the intensification was not located equa-
torward of the poleward boundary of the auroral oval. The potential cause of the energy loading in the magnetotail
is discussed later in this section.

This auroral intensification was associated with a peculiar emission structure near its equatorward boundary, as
highlighted by the white arrow. This optical structure lasted for 5 min (06:24-06:29 UT) and was latitudinally very
thin. This thin arc emerged soon after a portion of the PBI extended equatorward. While the quiet arc was mostly
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Figure 1. (a) Interplanetary magnetic field observed by Geotail (shifted to 15 R using the solar wind speed), (b) AU and AL
indices, (c¢) SYM-H index, (d) H-component of the ground magnetic field at Rankin Inlet, and keograms in the (e) red,

(f) green, and (g) blue channels from the AuroraMAX all-sky imager (ASI) at Yellowknife for the 24 February 2019 event.
Geotail was located at (X, Y) = (25, 11) RE. The ASI intensities are arbitrarily scaled between 0 and 255.

in the red and green colors and the PBI was most dominated by the green color (note the logarithmic color scale),
the thin arc had a similar intensity at all three colors. There were no other auroral structures equatorward of the
thin arc, suggesting that the thin arc was located at the equatorward boundary of the auroral oval (its relation to
STEVE is discussed below).

Figure 2 shows selected snapshots of (a—e) the white-light THEMIS ASIs as mosaics projected onto the map and
(f—j) AuroraMAX ASI as all-sky images for this event. The aurora was quiet initially, and the faint discrete auroral
arc at 70° MLAT was the only notable structure (Figures 2a and 2f). Then the auroral intensification occurred
northeast of the pre-existing quiet arc (Figures 2b and 2g). Both ASIs in Figure 2b detected the auroral inten-
sification above 70° MLAT, and there was no other auroral structure poleward of it, confirming that this
intensification was a PBI. As the PBI further intensified, an auroral arc extended equatorward (Figures 2¢ and 2h).
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Figure 2. Selected snapshots of the all-sky imager (ASI) images from the (a—e) THEMIS ASIs at Rankin Inlet (right circle)
and Fort Smith (left circle), and (f—j) AuroraMAX ASI at Yellowknife. The THEMIS ASI images are mapped to the sky at
110 km altitude. The blue line marks magnetic midnight. The Yellowknife location and magnetic footprint of GOES-14 are
indicated by the white squares in Panel a. The THEMIS-D footprint is to the east of the plotted region. The AuroraMAX ASI
images are presented in the all-sky format.

NISHIMURA ET AL.

40of 15

[umod ‘11 *¥20T ‘TO¥6691T

:sdny wouy pap

ASULII'T SUOWWO)) AANEAX)) d[qesrdde oy Aq pouIoa0S a1e sonIE V() ‘o8N JO SN 10§ AIRIqIT duI[uQ) AJ[IA UO (SUOT)IPUOD-PUB-SULIA} WO K3[1m ATeIqrouruo//:sdny) suonipuoy) pue suua [, 3y 23S “[§702/L0/S0] uo Areiqry surjuQ Ad[iA “ANsIoatun) uoysog Aq [46Z€0V HZ0T/6201°01/10p/wod ks reaqijaury



| . Yed J |
MID
ADVANCING EARTH
AND SPACE SCIENCES

Journal of Geophysical Research: Space Physics 10.1029/2024JA032941

88 THEMIS-D outbound 24 Feb 201915 THEMIS-D apogee
] T T T ] BX T T T
10F : — 10
45y b
1Bz 5
0
1.0
i 0.8
5 0.6
z§ 04
104; b) Plasmapause - 88 E
08¢ T e T " [Fastfiow
7 100} VX w100 1Vx
>g 50F vy >E 50
= O X op
88E@._ . . vz 88
10°F ' ' ' 10°

ions
[eV]

T electrons
[eV]

C
S=
_|
o
oo-

0100

10°2. 5o 10°

4 O 2

18 = 18 ;
6.9 7.7 8.3 9.0 R 11.8 12.0 12.1 12.2 12.3
1.3 1.5 1.7 1.9 MLT 2.7 27 2.8 2.8 28
0130 0200 0230 0300 UT 0600 0610 0620 0630 0640

Figure 3. THEMIS-D observations at (a—f) 01:00-03:00 UT (outbound pass before Strong Thermal Emission Velocity Enhancement (STEVE)) and (g-1) 06:00-06:40
UT (during STEVE) on 24 February 2019. (a, g) Magnetic field deviation from the quiet time level, (b, h) plasma density from the spacecraft potential, (c, i) ion velocity
moment, (d, j) ion and electron temperature, (e, k) ion energy flux, and (f, 1) electron energy flux.

The north-south-oriented auroral structure is known as an auroral streamer (Rostoker et al., 1987). The color of
the PBI and streamer was mostly green, indicating that energetic electrons created these emissions. Interestingly,
the streamer was smoothly connected to an east-west oriented arc that was located equatorward of the rest of the
optical emissions. The east-west-oriented portion was in the purple or mauve color. The purple/mauve arc
appeared to stay connected to the green-colored streamer (Figure 2i), and then it disappeared as the streamer faded
away (Figures 2e and 2j). The THEMIS ASI, however, did not detect the purple/mauve arc.

The presence of the purple/mauve arc equatorward of the auroral oval is analogous to STEVE. The occurrence
after a substorm-like activity in the pre-midnight sector is also similar to the characteristics of STEVE. Although
the past STEVE events have been reported at much lower latitudes (~60° MLAT) during disturbed times, the
present event was observed at higher latitudes (~69.5° MLAT) during a quiet time. Because the purple/mauve arc
was not visible in the THEMIS ASI, the quiet-time STEVE may be much fainter than substorm-time STEVE, and
it may have been missed in previous investigations. Considering the known relation between auroral streamers
and particle injections in the magnetotail [for example, Sergeev et al., 2000] (see also the THEMIS observations
below), the connection between the streamer and STEVE indicates that quiet-time STEVE may be driven by
particle injection. The relation to injection is in agreement with that for substorm-time STEVE (Nishimura, Yang,
et al., 2020), while the connection for quiet-time STEVE can be seen more evidently because the streamer is
smoothly connected to STEVE.

The THEMIS-D satellite was located in the post-midnight sector on this day. Several hours before this event,
THEMIS-D was on the outbound pass and encountered the plasmapause and the earthward boundary of the
electron plasma sheet outside the geosynchronous orbit (~7-8 RE, Figures 3b and 3e). This was slightly farther
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outside the typical plasmapause location during quiet times (Kwon et al., 2015). AB was close to zero (Figure 3a),
meaning that the ring current and tail current were weak and that the magnetic field configuration did not deviate
largely from a typical quiet-time level. The ion velocity was low (Figure 3c), and there was no sign of SAPS or
SAID at that time. These features support that the magnetosphere was very quiet.

THEMIS-D then reached near apogee (Figures 3g—31). THEMIS-D detected a magnetic field dipolarization front
(Figure 3g) and duskward flow enhancements (Figure 3i) at 06:23 UT. The ion and electron fluxes slightly
increased, but there was no clear sign of particle injection. The ion and electron temperatures also did not vary
substantially (Figure 3j). The electron temperature in this event was considerably low (~400 eV). The duskward
flow direction indicates that the satellite was not located in the earthward-directed portion of the flow channel, but
that the flow channel already turned duskward. The duskward turning of the flow channel is consistent with the
duskward turning of the auroral streamer and its connection to the quiet-time STEVE in Figures 2h and 2i. These
enhancements started a few minutes after the initiation of the auroral intensification in the ionosphere (06:20 UT,
Figure 1), but time lag is likely because the satellite was somewhat away from the local time of the center of the
auroral activity.

Figure 4a displays the IMF by Geotail starting at 4 UT. The IMF was initially northward and then became weakly
southward between 04:50-06:00 UT. The southward IMF was very small and did not create any substantial
auroral electrojet on the ground (Figure 4b). Figures 4c and 4d present GOES-14 observations at the geosyn-
chronous orbit near midnight. The footprint of GOES-14 is marked in Figure 2a. GOES-14 detected a small
reduction of the B, magnetic field, indicating a thinning of the plasma sheet due to the southward IMF. It is
remarkable to observe the thinning at geosynchronous orbit even with the small southward IMF. The thinning of
the plasma sheet explains the equatorward motion of the quiet arc in Figures le-1g.

Then a small dipolarization of the magnetic field (Figure 4b) and an enhancement of energetic electron fluxes
(Figure 4d) were observed at GOES-14 after 06:20 UT. Interestingly, despite the quiet conditions and small
magnitude of the ground magnetic field disturbance, the disturbance in the magnetotail penetrated to the
geosynchronous orbit. The ion fluxes did not change substantially (Figure 4d). The electron-dominant injection
has also been seen during substorm-time STEVE, and it is suggested to be important for creating SAID (Nish-
imura, Yang, et al., 2020). The deep penetration of electron injection may also be a condition for creating quiet-
time SAID and STEVE. This event does not have flow observations around STEVE, but the presence of quiet-
time SAID is discussed in Section 2.2.

2.2. 13 April 2017 Event

Figure 5 shows the second event that occurred on 13 April 2017. This event also occurred during the quiet
geomagnetic activity, where the IMF B, was near zero, and the AU, AL and SYM-H indices were small. Similar to
the first event, the IMF B, was the largest component. The ground magnetic field was quiet initially and then
showed a disturbance starting at 04:49 UT, although the magnitude of the disturbance was even smaller than the
event in Figure 1.

The AuroraMAX ASI at Yellowknife turned on at 04:43 UT after the sunset and detected a quiet arc until 04:49
UT. The ASIimage in Figure 6f shows that this was the most dominant auroral structure, but another green auroral
arc was visible to the northeast. There was no other auroral emission equatorward of this arc. The blobs to the
south were clouds, and the light to the west was the sunlight. A new auroral intensification occurred to the east at
04:48 UT (Figure 6g). Because it was located equatorward of the poleward-most auroral arc, this intensification
was not a PBI but an auroral intensification within the auroral oval. The intensification extended westward
(Figure 6h), and a green auroral arc detached from it. This may be an auroral streamer that was tilted to the east-
west direction. Streamers with a large tilt from the north-south direction have often been seen (Nishimura
et al., 2010). A purple/mauve emission (quiet-time STEVE) appeared equatorward of the green arc. It became
more evident as the green arc faded away (Figure 61). The sequence of southwestward-moving green arcs fol-
lowed by quiet-time STEVE repeated a few times during this event (Figures 5e-5g).

The SuperDARN radar at Prince George provided line-of-sight (LOS) plasma velocity in this region. The LOS
velocity was mostly away from the radar and was larger at the westward-looking beams (Figures 6a—6e), indi-
cating that the LOS velocity was a projection of the westward flow. The velocity was moderate until 04:46 UT,
and then increased to >1,000 m/s during the auroral intensification (Figure 5h). The velocity peak was located
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Figure 4. (a) Interplanetary magnetic field at Geotail, (b) the H-component of the ground magnetic field at Rankin Inlet, and
GOES-14 observations of (c) the magnetic field relative to the quiet-time level, (d) proton fluxes, and (e) electron fluxes.

around the equatorward boundary of the auroral oval in the Red-line Emission Geospace Observatory (REGO)
ASIs (<~69.5 ° MLAT) and occasionally formed a narrow peak reaching >1,500 m/s. The narrow velocity peak
suggests the presence of SAID.

The footprints of the THEMIS D and E satellites were located within the auroral arc in the Fort Smith ASI field-
of-view (FOV, Figures 6a—6e). THEMIS-D encountered the plasmapause with a plume-like density enhancement
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Figure 6. Selected snapshots of the all-sky imager (ASI) images from the (a—e) Red-line Emission Geospace Observatory
(REGO) ASIs at Gillam and Fort Smith, and (f—j) AuroraMAX ASI at Yellowknife. The REGO ASI images are mapped to
230 km altitude. Panels (a—e) also show the SuperDARN LOS velocity from the Prince George radar in the rainbow color
scale. The blue and cyan dots are the THEMIS D and E footprints. The light on the west is the sunlight.
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Figure 7. THEMIS-D and E observations at 4:00-5:30 UT on 13 April 2017. The format is the same as in Figure 3.

and the earthward edge of the electron plasma sheet at 11.4 Rg (Figures 7b and 7f). This plasmapause location is
much farther away from the statistical plasmapause location during quiet times (Kwon et al., 2015), indicating
that it was an extremely quiet time. THEMIS-E was located at 12 Ry in the electron plasma sheet throughout this
time interval. THEMIS-D and E detected a magnetic field dipolarization (Figures 7a and 7g) and duskward
plasma flow enhancements (Figures 7c and 7i) associated with the auroral intensification around 04:50 UT. The
ion fluxes did not show substantial variations (Figures 7e and 7k). The electron fluxes at THEMIS-D dropped, and
the electron energy reduced to 200 eV (Figures 7d and 7f). The electron flux at THEMIS-E did not show much
variation, and the electron energy was overall around 1 keV (Figures 7j and 71).

The IMF B, at Geotail fluctuated near zero until ~04:20 UT and then became weakly negative (Figure 8a). The Z-
component of the magnetic field at Yellowknife and GOES-13 near midnight also started to decrease around
04:20 UT. The level of magnetic field reduction was small, but it suggests energy loading to the magnetotail. Then
a small increase in B, and the electron flux was observed at GOES-13 (Figures 8c and 8e). Despite that this is a
very small event, the magnetotail shows a loading-unloading cycle at geosynchronous orbit that is analogous to a
substorm.

2.3. 16 February 2019 and 11 April 2017 Events (No Quiet-Time STEVE)

To compare the STEVE observations above to quiet-time data without STEVE, we present two quiet time ob-
servations on 16 February 2019 and 11 April 2017. The two events were selected from the same months and years
as the events in Sections 2.1 and 2.2. We required that the magnetosphere was quiet and the THEMIS satellites
were in the plasma sheet. AU, AL and SYM-H were small for both events. The IMF B, was slightly negative for
part of the time interval. The IMF B, was small for the 16 February 2019 event, while it was comparable to B, for
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Figure 8. Same as Figure 4 but for Yellowknife magnetometer and GOES-13 observations on 13 April 2017.

the 11 April 2017 event. The ground magnetic field and aurora showed small intensifications, whose magnitudes
were comparable to those in Figures 1 and 4.

Figure 10 shows snapshots of the AuroraMAX ASI images for these events. Although the moonlight blocks part
of the FOV, the rest of the ASI FOV was available for viewing aurora. Similar to the earlier events, the auroral
oval was quiet initially and was dominated by an auroral arc (Figures 10a and 10d). An auroral intensification
occurred to the east and extended westward (Figures 10b and 10e). Some auroral structures extended equatorward
during the intensification (Figures 10c and 10f), but they did not have substantial blue colored emission
(Figures 71-7n and 9e-9g). Those were mostly in the green color (Figures 10c and 10f) rather than the purple/
mauve arc in the events in Sections 2.1 and 2.2.
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Figure 9. Two events without quiet-time Strong Thermal Emission Velocity Enhancement on (left) 16 February 2019 and (right) 11 April 2017. The format is the same

as in Figure 1.

THEMIS-D was at post-midnight for the 16 February 2019 event, and THEMIS-E was at pre-midnight for the 11
April 2017 event. THEMIS-D detected multiple dipolarizations and fast flows (Figures 11a and 11c). They started
earlier than the auroral intensifications in Figures 9e-9g, but it is likely because the aurora expanded from the east
of Yellowknife and because the satellite was located to the east. In contrast to the event in Figure 3, the ion energy
flux and temperature increased substantially (Figures 11d and 11e). The electron temperature was about twice as
large (~keV). THEMIS-E observed an isolated earthward fast flow (Figure 11i) during magnetic field fluctua-
tions (Figure 11g). In contrast to Figure 7 event, the ion and electron energy fluxes increased (Figures 11k and
111), and the electron temperature was also elevated slightly (Figure 11j). Ion temperature variations could not be
determined reliably due to the energy gap in the ion flux observations (Figure 11k).

By comparing the THEMIS observations in the events with and without quiet-time STEVE, the plasma sheet
conditions have substantial differences. The events with STEVE have weaker ion injections and lower electron
temperature. Weaker ion injection was also seen during substorm-time STEVE, and it has been suggested to
confine the downward region-2 field-aligned currents (FAC) to a narrow region in the subauroral ionosphere
(Nishimura, Yang, et al., 2020). The narrow FAC is an important condition for the formation of the SAID. The
low electron temperature was not seen during substorm-time STEVE but may be a unique feature for quiet-time
STEVE. The electron temperature of a few hundred eV during quiet-time STEVE is unusually low, and the low
background plasma sheet temperature is known to result in low temperature in the dipolarization front (i.e., fewer
energetic particles in injection) (Sergeev et al., 2015). The unique temperature conditions in the plasma sheet may
alter the drift paths of plasma sheet particles from non-STEVE conditions and hence may change the FAC
distributions. Although the plasma sheet density (~0.5 cm™) was not as high as that for the cold dense plasma
sheet (>~1 cm™), the plasma sheet temperature decreases as cooler solar wind population enters the plasma sheet
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Figure 10. Selected all-sky snapshots of the AuroraMAX all-sky imager data on (left) 16 February 2019 and (right) 11 April
2017. The bright spot is the moonlight.

during quiet times (Nishino et al., 2002). The very quiet geomagnetic conditions may be important for creating the
unique plasma sheet conditions for quiet-time STEVE formation.

3. Summary and Conclusion

We presented two events of STEVE emission during geomagnetically quiet periods. The IMF B, was close to zero
around the time of events, and the IMF B, was the largest component. A weak auroral intensification occurred at
or near the poleward boundary of the auroral oval. Quiet-time STEVE was identified as a distinct purple/mauve
arc near the equatorward boundary of the pre-midnight auroral oval. It emerged when an auroral streamer
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Figure 11. THEMIS observations on (left) 16 February 2019 and (right) 11 April 2017. The format is the same as in Figure 3.

extended equatorward, indicating that flow channels in the magnetotail played a role in driving quiet-time
STEVE. A weak negative IMF B, preceded quiet-time STEVE, accompanied by an increase in the tail current,
indicating that a small amount of energy was loaded to the magnetotail.

Quiet-time STEVE was associated with SAID and electron-dominant injection at geosynchronous orbit. Quiet-
time STEVE lasts a few minutes and can reappear multiple times during auroral intensifications. These prop-
erties are analogous to substorm-time STEVE, except that the duration of quiet-time STEVE is shorter and that
they appear at higher latitudes due to the contracted auroral oval during quiet times. Quiet-time STEVE was
identified in the colored ASI, but it was not visible in the white-light ASI. Quiet-time STEVE may be fainter than
substorm-time STEVE.

The THEMIS satellites in the magnetotail confirmed that the auroral intensification was associated with dipo-
larization fronts and fast flows. However, the clear dipolarization fronts did not have strong particle injection. The
electron temperature was remarkably low, reaching only a few hundred eV. The nightside plasmapause extended
to unusually high L-shells (7-11 Rg), and the ring current and tail current exhibited very weak signatures. The
very quiet magnetosphere and the unusual temperature conditions in the magnetotail may contribute to the
formation of quiet-time STEVE by changing the drift paths of plasma sheet particles and FACs such that electron-
dominant injection to the geosynchronous orbit is created and makes the width of the subauroral flow channel
narrower. This hypothesis should be evaluated quantitatively through global modeling.

It is interesting to note that SAID are present even during the quiet time. SAID have often been discussed in the
context of storms and substorms. The auroral and magnetospheric observations revealed that the ring current and
particle injection were weak during the quiet-time STEVE events. Under those situations, generally the FACs and
conductance gradient around the equatorward boundary of the auroral oval are expected to be small. However, the
presence of SAID suggests that substantial FACs and conductance gradient forms despite being the quiet time.
The present study focused on the events with favorable auroral and magnetospheric observations, and these events
did not have low-altitude satellite or incoherent scatter radar observations during the time of interest. Evolution of
FACs, precipitation and global convection should be investigated to understand how the fast plasma streams can
occur during the quiet time. Also, while this study focused on the kinetic aspect as an explanation of quiet-time
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convection as a potential explanation of the unusual quiet-time phenomenon.
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