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[1] We present an original study of the dynamical changes measured in the far tail
at XGSM ≈ −255 RE, onboard STEREO‐B, related to very weak substorm activity
(AE < 100 nT). Three weak auroral electrojet perturbations are well correlated with
motions of the far tail in which the spacecraft passes from the lobe to the boundary layer or
to the magnetosheath. These boundary motions can hardly be related to a plasmoid as a
widening of the tail is expected from such a high‐pressure structure. Furthermore, for
one of the AE enhancements, ground measurement of auroral luminosity and ground
magnetic field provided a precise timing of the substorm onset, thus allowing estimation of
the propagation speed of the tail disturbance, supposing it is initiated at ∼20 RE in the
midtail. The computed velocity, 1800 km/s, much greater than the typical plasmoid
propagation speed, implies that the tail disturbance is due to a large‐scale wave propagating
inside the lobe, initiated inside the inner plasma sheet at substorm onset and linked to
current disruption and/or magnetic reconnection.
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1. Introduction

[2] Assessing the large‐scale dynamics of the magneto-
spheric system during substorms has motivated a number of
studies in the recent years and is one of the main areas of
magnetospheric research. Substorms are known to produce
systematic and repeatable signatures in the magnetic field
and plasma in various radial distances in the magnetotail.
[3] A repeatable signature in the midtail plasma sheet

(∼20–30 RE) for substorms is tailward plasma flow with a
southward magnetic field structure. McPherron et al. [1973]
and Russell and McPherron [1973] applied the magnetic
reconnection theory to magnetic substorm phenomena and
proposed the “near‐Earth neutral line” (NENL) model,
which is one of the most successful candidates to explain the
release and transport of stored energy in the magnetotail
[Hones, 1979; Baker et al., 1996]. It has been proposed that
magnetic reconnection takes place in the expansion phase at
radial distances of 20–30 RE. Plasmoids are created there
and travel tailward at high speeds. They constitute a domi-
nant substorm signature beyond 100 RE as shown by sat-
ellite measurements made from about 100 to 210 RE [Nagai
et al., 1994].

[4] The partial disruption of the cross‐tail current is
detected inside the lobe, near the time of substorm onset, as
a decrease of the total magnetic field which continues during
the substorm expansion phase. The magnetic field in the
lobe recovers during the substorm recovery phase. While the
measured magnetic field integrates the effect of all the dis-
rupted parts of the tail current, a propagation effect can still
be seen from dual‐spacecraft lobe measurements [Jacquey
et al., 1993]. The disruption of the current itself propagates
tailward in the midtail with velocities of the order of 200–
300 km/s [Jacquey et al., 1991; Ohtani et al., 1992].
[5] Direct comparisons of IMP‐8 midtail measurements of

the cross tail current disruption and of distant effects
induced by the passage of a plasmoid in the far tail onboard
ISEE‐3 have also been reported [Sauvaud et al., 1996].
Observations of plasmoids are in fact highly correlated with
substorm onsets in view of magnetic field data observed at
ground stations and energetic particle data from geosynchro-
nous satellites [Moldwin and Hughes, 1993; Nagai et al.,
1994]. In the tail lobe, a traveling compression region
(TCR) is often observed and is interpreted to be a remote
manifestation of a plasmoid passage [Mezawa, 1975; Slavin
et al., 1993; Slavin et al., 2005].
[6] For one of the AE enhancement presented here,

ground measurement of auroral luminosity has provided a
precise timing of the substorm onset and has allowed to
obtain an estimation of the propagation speed of the tail
disturbance, supposing it begins at ∼20 RE in the midtail.
The computed velocity between the midtail and the location
of STEREO‐B spacecraft in the far tail at XGSM = −255 RE,
1800 km/s, greatly exceeds the typical plasmoid propagation
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velocity. This large propagation speed implies that the tail
disturbance is due to a large‐scale Alfvén wave propagating
inside the lobe which tends to reduce the magnetic pressure.
Its effect can be measured because on 21 February 2007,
STEREO‐B is very close to the tail boundary of the far tail.
This first measurement of the effect of such a large‐scale
wave sheds light on the response of the far tail to substorms
and will have important implications on the tail dynamics
modeling during magnetospheric disturbances.

2. Observations

[7] When the two STEREO spacecraft were launched on
25 October 2006, they were first placed in a highly eccentric
orbit around Earth [Kaiser et al., 2008]. For the first few
weeks, the two spacecraft stayed fairly close to each other as
they lined up for their close encounter with the Moon one
month into the mission. As they flew by, the Moon’s gravity
flung the two spacecraft away from Earth. The “Ahead”
spacecraft is flung completely away from Earth, and becomes
a satellite of the Sun, while the “Behind” spacecraft curves
back to fly past the Moon a second time six weeks later, on
21 January 2007, and was flung in the opposite direction.
The orbits of the two STEREO spacecraft are both more
eccentric than Earth’s, with the “Ahead” spacecraft orbiting
slightly inside Earth’s orbit, and the “Behind” spacecraft

orbiting slightly outside. Because of these slight differences
in the average distance from the Sun, the two spacecraft
slowly drift away from Earth in opposite directions. After
the last Moon flyby of STEREO‐B, the spacecraft was
skimming along the tail of the magnetosphere at distances
ranging from 200 to 350 RE allowing the dynamics of the
distant tail to be studied.
[8] Figure 1 provides an overview of the auroral activity,

and of the solar wind variations for the period between
13 February and 22 February 2007 together with plasma
measurements performed onboard the two STEREO space-
craft. From top to bottom, Figure 1 displays the variation of
the AE index, of the Bz component of the Interplanetary
Magnetic Field (IMF) and of the solar wind velocity. These
two last parameters have been extracted from the OMNI
Combined, Definitive, 1 AU 1 min IMF and Plasma data
(http://omniweb.gsfc.nasa.gov). The two last panels show
the energy spectrograms of protons measured in the solar
wind onboard STEREO‐A and similar measurements per-
formed onboard STEREO‐B on its travel away from the
Moon [Galvin et al., 2008]. Figure 1 clearly shows the
decreasing speed of the solar wind after the encounter of a
fast stream. The magnetic activity on Earth also generally
decreases from the beginning to the end of the period and the
largest activity periods correspond to high solar wind velocities

Figure 1. From top to bottom, the variation of the AE index, of the Bz component of the Interplanetary
Magnetic Field (IMF) and of the solar wind velocity. These parameters have been extracted from the
OMNI Combined, Definitive, 1 AU 1 min IMF and Plasma data. The fourth and fifth panels show the
energy spectrograms of protons measured in solar wind onboard STEREO‐A and similar measurements
performed onboard STEREO‐B on its travel away from the Moon. In order to compare ion data from
STEREO‐A (directed flux) and STEREO‐B (directed to nearly isotropic flux), counts summed over all
deflection angles are used. These measurements are performed once per minute during 409 ms.
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and negative (southward), fluctuating, Bz, as expected [e.g.,
Russell and McPherron, 1973, 1974; Akasofu, 1981].
[9] The comparison of STEREO‐A and ‐B measurements

clearly indicates that while the two spacecraft grossly
measure the same time profiles of the ion energy, STEREO‐B
observed times when there is a disappearance of the solar
wind plasma. This spacecraft went many times from the
magnetosheath, where the plasma is hotter than in the solar
wind, into the lobe region of the distant tail, filled with
tenuous plasma. In fact the encounter of the distant magne-
tosheath‐boundary layer/lobe interface begins on 14 Febru-
ary around 1500 UT while STEREO B was at 213 RE away
from the Earth and lasts until 2 March 2007 when spacecraft
B definitively exits into the solar wind at 350 RE from Earth.
[10] We will focus on the tail dynamics recorded on

21 February 2007 between 0100 and 2400 UT, which
coincides with a weak magnetic activity period, the Auroral
Electrojet, AE, index being smaller than 100 nT (Figure 1).

Figure 2 presents the STEREO data recorded on that day,
the spacecraft being located at XGSM = −255 RE. The upper
panel gives the STEREO‐B electron energy spectrogram
between 45 and 2400 eV. The second from the top presents
the STEREO‐B electron pitch angle distribution at 150 eV.
These electron measurements were obtained by the Solar
Wind Electron Analyzer (SWEA) [Sauvaud et al., 2008]
which is included in the IMPACT suite of instruments for in
situ measurements [Luhmann et al., 2008]. The third panel
provides the parallel and perpendicular temperatures of the
electrons for E > 45 eV. The fourth panel from the top gives
the STEREO‐B proton energy spectrogram at energies
between 0.2 and 4 keV [see Galvin et al., 2008]. The fifth
panel provides the velocity of protons when it can be com-
puted with a good accuracy from the solar wind entrance of
the PLASTIC analyzer. The two bottom panels display the
GSM Bx and By components of the magnetic field mea-
sured onboard STEREO‐B (black) and STEREO‐A (red)

Figure 2. The first to fifth panels are from STEREO‐B. The first panel gives the SWEA electrons
energy spectrogram between 45 and 2400 eV, the second panel presents the electron pitch angle distri-
bution at 150 eV, and the third panel provides the parallel and perpendicular temperatures of the electrons.
The fourth panel gives the proton energy spectrogram for energies between 0.2 and 4 keV. The identifi-
cation of the various regions encountered by STEREO‐A are given by coded horizontal lines associated
with boundary layer (BL), magnetosheath (SHEATH), plasma sheet (PS) and lobe (L). For each electron
spectrogram, the colors are coding energy fluxes expressed in keV/(cm2 s sr keV). For the proton spec-
trogram, colors are coding counts (/JE). The fifth panel provides the proton speed when it can be com-
puted with a good accuracy from the solar wind entrance of the PLASTIC analyzer. The sixth and seventh
panels display the Bx and By components of the magnetic field measured onboard STEREO‐B (black)
and STEREO‐A (red). The STEREO‐A data have been shifted to account for the delay deduced from the
solar wind velocity and from the distance between the two spacecraft.
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[Acuña et al., 2008]. The STEREO‐A data have been
shifted to account for the delay deduced from the solar wind
velocity and from the distance between the two spacecraft.
The spacecraft are separated by ∼740 RE (4.7 × 106 km)
along the Sun‐Earth direction; STEREO‐A being located at
{XGSM = 481 RE, YGSM = −301 RE, ZGSM = −153 RE} and
STEREO‐B at {XGSM = −255 RE, YGSM = 39 RE, ZGSM =
30 RE}. Note that STEREO‐B is at positive and relatively
small YGSM and ZGSM values, with YGSM > ZGSM, (both
lower than 44 RE throughout 21 February 2007), that is
‘close’ to the expected position of the far‐tail dusk magne-
topause, extrapolated from its position closer to the Earth.
On the side of the tail different regions: magnetosheath,
boundary layer, plasma sheet and lobe, are expected to be
close to each other [Christon et al., 1998; Eastman et al.,
1998]. The comparison of the Bx components of the mag-
netic field onboard the two spacecraft indicates clearly two
main regimes alternatively encountered: periods when the
two Bx components are very similar, despite the spacecraft
separation, e.g., between 0300 and 0500 UT or between
1710 and 2400 UT. During these periods, STEREO‐A is
inside the solar wind, while STEREO‐B is inside the far tail
magnetosheath as shown also by high electron fluxes at
energies lower than 500 eV, with parallel and perpendicular
electron temperatures of the order of 40–50 eV, higher than
those of the solar wind. Similarly, the proton energy spec-
trogram and the deduced flow velocity around 300 km/s,
slightly lower than the solar wind velocity displayed in
Figure 1, confirm that the spacecraft is inside the distant
magnetosheath. Inside these regions, the electron fluxes are
mostly collimated along the magnetic field.
[11] On the contrary, there are periods when the Bx

component of the magnetic field measured on STEREO‐B
is very different from that of STEREO‐A., e.g., between
0100 and 0300 UT, 0540 and 0840 UT, 1100 and 1400 UT,
and finally between 1510 and 1710 UT. During these per-
iods, reduced fluxes of electrons are measured, and they
have nearly isotropic pitch angle distributions. Moreover,
the proton fluxes there are much lower than inside the
magnetosheath at low energies. In the fourth panel of
Figure 2, we indicate the proposed identification of the
various regions encountered by STEREO‐B by coded hor-
izontal lines associated with for boundary layer (BL),
magnetosheath (Sheath), plasma sheet (PS), and lobe (L).
Between 0100 UT and 0300 UT, the magnetic field is
enhanced, like inside the lobes but electron energy spectra
are still “magnetosheath‐like.”We identify this region as the
boundary layer. The other periods with enhanced Bx and
very weak electron fluxes (0540 to 0840 UT and 1100 to
1420 UT) are identified as the lobe. A different region is
briefly encountered between 0530 and 0610 UT character-
ized by electrons at energies higher than 700 keV and
protons up to 4 keV. The electron temperature can exceed
100 eV. This region, identified as the distant plasma sheet,
is also characterized by energetic oxygen [Kistler et al.,
2010]. To summarize, the satellite passes from the mag-
netosheath to the boundary layer/lobe of the distant tail
many times during that day and makes a brief encounter
with the plasma sheet.
[12] These crossings of the tail boundary by STEREO‐B

are very frequent during an extended period starting from
14 February 2007 as the tail is moving around a lot. The

multiple crossings of the magnetopause presented in
Figure 2 occur during a period when the magnetic activity is
extremely low (Figure 1). This is clearly exemplified in
Figure 3 which displays from 0100 to 1900 UT the varia-
tions of the AE index, the Bx component of the magnetic
field recorded at XGSM ∼255 RE onboard STEREO‐B and
the electron density measured by the Solar Wind Electron
Analyzer (SWEA). The three vertical dashed lines indicate
the onset of AE enhancements. It must be stressed that the
overall values of the AE index are very small, lower than
100 nT. Despite this low activity, there is a striking general
correlation between the auroral activity and the dynamics of
the far tail. The three main AE enhancement episodes are
related to the exit of STEREO‐B into the magnetosheath
while during quiet intervals, the satellite returns into the lobe
of the distant tail. However, after 1700 UT, the satellite
again exits into the magnetosheath while the magnetic
activity stays very low, which could be an indication that the
spacecraft is very close to the magnetopause during the
whole period.
[13] The weak AE enhancements can tentatively be

associated with weak substorms. An examination of the
nightside auroral magnetograms indeed shows weak and
localized magnetic bays. However, no plasma injection is
recorded at geostationary orbit, which is quite common for
such low auroral disturbances. For the AE enhancement
beginning around 0830 UT, direct evidence for the occur-
rence of a substorm is provided by THEMIS/GBO all‐sky
camera data in “white light” and magnetic field variations
recorded at the INUVIK station located in the northwest part
of Canada at a corrected magnetic latitude of 71.2°. A
keogram illustrating the variation of the auroral lumi-
nosity in the form of a latitude‐time spectrogram is given in
Figure 4, while the H components and Z components of the
INUVIK magnetic field are given in Figure 5. A narrow
band of auroral luminosity is drifting equatorward from
0800 to 0828 UT. The rotation of the station under the oval
within 28 min cannot explain the magnitude of the equa-
torward motion of the oval seen there. This is the equator-
ward motion of the aurora and expansion of the polar cap
during substorm growth phase which is at the root of the
observation. Then at ∼0828 UT (∼22h MLT) the aurora
breaks up and auroral forms quickly propagate northward
with visible intensifications at 0828 UT, 0833 UT and
0841 UT. This represent a clear onset of a substorm asso-
ciated with the minor AE enhancement seen at 0828 UT in
Figure 3. Concurrently, the H component of the magnetic
field at Inuvik shows a clear negative bay while the Z
component first negative and then positive indicates that the
westward localized electrojet quickly passed from the north
to the south of the station. This event where the activity
began in the preexisting aurora and expands poleward looks
like a normal substorm onset. The substorm occurs along a
contracted auroral oval, typical of low magnetic activity
periods. The cross‐tail current is quite weak during such
episode so that, in the midnight sector, the apex of a field
line is, for a fixed latitude, located closer to the Earth than
for more enhanced tail current [e.g., Tsyganenko, 1995].
This leads the boundary between diffuse and discrete aurora
to move northward with respect to their position during
more disturbed times. For the 21 February 2007 case dis-
cussed there, we checked, using the DMSP F16 particle data
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available (Southern Hemisphere), the latitude of the boundary
between diffuse and discrete auroras, i.e., where substorms
are expected to be initiated: it was located, at high magnetic
latitudes: −68.8° at MLT = 0016 and −70.5° at MLT = 0147.
[14] This substorm onset precedes the exit of the

STEREO‐B satellite into the magnetosheath at 0841:50 UT
by less than 14 min. If we assume that the two events are
related (Figure 3), we find a propagation velocity of about
1800 km/s for the information to travel from about −20 RE,

where the substorm is expected to be initiated, to the
STEREO‐B location at X = −255 RE. The 20 RE value for
the substorm onset location take into account the results of
different studies of similar events corresponding to AE
values ≤100 nT by Sauvaud et al. [1999], Nishida et al.
[1997], Angelopoulos et al. [2008], and Kubyshkina et al.
[2009]. Using various methods, including dedicated mag-
netic field models, correlations between optical data and in
situ spacecraft measurements in the tail (Geotail, Interball,
THEMIS), these authors reached the conclusion that these
weak substorms occurring during quiet periods were acti-
vated at distances ranging between 8 and 20 RE from the
Earth.

3. Discussion

[15] It is well known that substorms produce systematic
and repeatable signatures in magnetic field and plasmas at
various radial distances in the magnetotail. A scenario for
plasmoid formation in the Earth’s magnetotail was proposed
by Russell [1974] and Hones [1979] on the basis of satellite
observations. A large‐scale magnetic island containing a hot

Figure 4. Keogram giving the latitudinal variation of the
auroral luminosity recorded at INUVIK. These “white light”
data are from THEMIS ground based observatories. A nar-
row band of auroral luminosity is drifting equatorward from
0800 to 0828 UT on 21 February 2007 during the growth
phase of the substorm. At ∼0828 UT the aurora breaks up.

Figure 3. From 0100 to 1900 UT on 21 February 2007: the variations of the AE index, the Bx compo-
nent of the magnetic field recorded at XGSM = −255 RE onboard STEREO‐B, and the electron density
measured by the Solar Wind Electron Analyzer (SWEA) on STEREO‐B. The three vertical dashed lines
indicate the onset of AE enhancements.
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and dense plasma is formed, probably in association with
magnetic reconnection which is initiated at the near‐Earth
neutral line, and the magnetic island, or so‐called plasmoid, is
propagating tailward. Observations of plasmoids are highly
correlated with substorm onsets [Moldwin and Hughes,
1991, 1992, 1993, 1994; Nagai et al., 1994]. Plasmoids
originate at about 20–30 RE downtail and have been
observed up to about 200 RE; typical tailward speeds are
several hundreds of km/s. A statistical study performed by
Ieda et al. [1998], on the basis of Geotail data, shows that

the plasmoids are accelerated in the downtail direction from
400 ± 200 km/s to 700 ± 300 km/s from the near to the
middle tail; then, it is suggested that they decelerate to 600 ±
200 km/s as they travel to the distant tail. Taking the upper
limits of these propagation velocities, i.e., 600 km/s between
20 RE and 40 RE, 1000 km/s between 40 and 150 RE and
finally 800 km/s between 150 and 255 RE, would imply
a time delay of 29 min between the substorm onset at
0828 UT and the response of the distant tail at the
STEREO‐B location, instead of the observed 14 min.
(Hones et al. [1984] found a propagation time of 30 min
to reach ISEE‐3 at 220 RE.) Note that this response is a
magnetopause motion leading the STEREO‐B spacecraft
to exit into the magnetosheath.
[16] Magnetopause motions in the far tail have already

been shown to be induced by substorm associated processes:
a study performed from simultaneous IMP‐8 and ISEE‐3
data by Sauvaud et al. [1996] has shown a characteristic
time delay of 40 min between cross‐tail current disruption
onset occurring in the near‐Earth plasma sheet and the
enhancement of the tail diameter at 205 RE. The observed
signatures were in agreement with the concept of the ejec-
tion of plasmoids from the magnetospheric tail and the
tailward propagation of a compression region with enhanced
pressure, so that the ISEE‐3 satellite initially in the distant
magnetosheath was entering the magnetosphere when the
high‐pressure region reached its location.
[17] In the study presented here, the opposite motion of

the magnetopause is detected: the observations are in
agreement with a shrinking of the far tail, quickly (14 min)
following a substorm onset. It is thus difficult to reconcile
this observation with the propagation of a large‐scale plas-
moid which would induce a widening of the tail as already
observed onboard ISEE‐3. However, it is not possible to
firmly rule out that ∼15 min or more after STEREO‐B is led

Figure 5. H and Z component of the ground magnetic field
at INUVIK. The vertical dot‐dashed line marks the time of
the auroral luminosity intensification (see Figure 4).

Figure 6. From top to bottom, the AE index, the velocity and the density of the solar wind, and the Bz
component of the IMF at 1 AU on 21 February 2007 (these data have been extracted from the OMNI
Combined, Definitive, 1AU 1 min IMF and Plasma data).
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to pass into the magnetosheath, a plasmoid launched from
the midtail is traveling in the far tail, undetected by the
satellite.
[18] A possibility to explain the short delay and the

apparent shrinking/flapping of the tail is that its deformation
is related to a large‐scale wave propagating along the tail. In
fact, the Earth magnetotail has long been known to support
the propagation of low‐frequency waves. Its stretched mag-
netic field structure behaves indeed as an efficient MHD
waveguide [Allan and Wright, 2000]. The initial perturbation
of the plasma sheet can be excited in the midtail by a sudden
force field which may correspond to a pressure burst or a
current disruption. As recently shown by Fruit and Louarn
[2011], with a finite Bz component of the tail magnetic
field, the linear response of the plasma sheet is composed of
two wave trains: a first wavefront identified as a sound wave
propagates isotropically at the sonic speed from the initial
burst and an eigenmode structure develops next, but it pro-
pagates at a much lower speed along the x axis and contains
relatively little energy. About 99% of the initial energy of
the burst is carried away by the sound wave. We expect that
the pressure wave quickly reaches the lobe–plasma sheet
interface and the lobes react as a waveguide with a low
density and an almost zero Bz component. In that case, the
perturbation launches an Alfven wave propagating at high
velocities, as estimations of the Alfven velocity, B/(m0r)1/2,
in the magnetotail lobe give values between 1000 and
>3000 km/s, depending on the distance to the Earth [e.g.,
Mazur and Leonovich, 2006].
[19] Finally, we also have to check if the measured tail

disturbances could directly originate in the solar wind.
Figure 6 displays the AE index, the solar wind velocity and
density, and the GSM Bz component of the magnetic field.
These solar wind data have been extracted from the OMNI
Combined, Definitive, 1 AU 1 min IMF and Plasma data.
There is no evidence for pressure enhancement. On the
contrary, the AE enhancements correspond to slight
decreases in density and velocity which should be associated
with an inflation of the tail. Note also that the Bz is gen-
erally positive with small negative excursions, particularly
before the first two AE enhancements, and there is no
obvious correlations between any small changes in the Bz
components and the observed magnetopause crossings. Note
furthermore that looking at the total B field onboard
STEREO‐B, which is almost equal to its Bx component,
no clear effect of compression of the tail is locally seen.

4. Conclusion

[20] The large‐scale dynamic evolution of the magnetotail
in relation to substorms is most commonly understood and
described in terms of magnetic reconnection, neutral line
formation, and plasmoid ejection into the distant tail, as well
as current disruption and diversion in the inner tail. We have
presented a case study of the dynamical changes seen in the
far tail (∼255 RE) related to enhanced but weak to very weak
geomagnetic activity (AE < 100 nT). STEREO‐B was
located close to the boundary separating the lobe from the
boundary layer/magnetosheath. During a 24 h period, three
very weak auroral electrojet perturbations are surprisingly
well correlated with motions of the far tail. The spacecraft
passes from the lobe to the boundary layer or to the mag-

netosheath, very shortly after each AE perturbation. These
boundary motions can hardly be related to a plasmoid as a
widening of the tail is expected from such a high‐pressure
structure. Previous work has indeed shown, as expected, that
plasmoids lead a satellite located in the distant magne-
tosheath to pass inside the lobe [e.g., Sauvaud et al., 1996],
i.e., the reverse motion of what is observed for the cases
presented here.
[21] For one of the AE enhancement, ground measure-

ment of auroral luminosity has provided a precise timing of
the substorm onset related to the AE enhancement, so that
an estimation of the propagation speed of the tail distur-
bance, supposing it begins at ∼20 RE in the midtail, can be
computed. This speed, 1800 km/s, greatly exceeds the typ-
ical plasmoid propagation velocity (760 km/s) computed
from a large set of events recorded by the Geotail spacecraft
[Ieda et al., 1998]. This fast propagation speed implies that
the tail disturbance is due to a large‐scale wave propagating
inside the lobe, which tends to reduce the magnetic pressure.
Its effect can be measured because STEREO‐B is located
during this period of 21 February 2007, very close to the tail
boundary. To our knowledge, this is the first measurement
reporting such a fast coupling between the mid and far tail
during substorms. This effect may have been “embedded” in
complex changes for larger activity. This sheds light on
the response of the far tail to substorms and will have
implications on the tail dynamics modeling during magne-
tospheric disturbances.
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