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Abstract. We examine fast plasma flows and magnetic
field fluctuations observed by THEMIS at 03:00–03:30 UT
on 12 December 2007. All THEMIS probes are situated in
the near-Earth plasma sheet (XSM>−10RE) with 1–2RE

spacecraft separations in azimuthal and radial directions. We
focus on the observations of plasma convective flows made
simultaneously by more than one THEMIS probe. At about
03:10 UT and 03:14 UT, the THEMIS P2 probe observed
earthward flows of>100 km/s. The THEMIS P1 probe, lo-
cated duskward and earthward of P2, observed tailward flows
under a positiveBz. The inner most probe THEMIS P4, lo-
cated at almost the same MLT as THEMIS P1 and P2, did not
see any clear flow. We examine the convective flow patterns
for the THEMIS observations. We conclude that plasma vor-
tices are formed near the region where the earthward flows
slow down and turn in azimuthal directions.
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1 Introduction

In-situ plasma and magnetic field observations have revealed
that earthward plasma transport in the central plasma sheet
occurs with high speeds (>few 100 km/s) over short dura-
tions (<few minutes) rather than as slow and long-duration
convective flow (e.g., Baumjohann et al., 1990; Angelopou-
los et al., 1992; Sergeev et al., 1992). Such fast earthward
plasma flows, called bursty bulk flows, are interpreted as a
consequence of reconnection that happened in the plasma
sheet tailward of a spacecraft (e.g., Baumjohann, 2002).

When fast tailward flows are observed in the magneto-
tail, many are accompanied by a negativeBz, and interpreted
as resulting from reconnection that occurred earthward of a
spacecraft. It has been also reported that some tailward flows
are seen whenBz is positive. One explanation for these tail-
ward flows is that a spacecraft is observing a traveling com-
pression region (TCR) at the leading edge of tailward propa-
gating structures, or plasmoids, generated through the recon-
nection (e.g., Slavin et al., 1984).

However, some of the tailward flows with a positiveBz

cannot be explained by the TCR concept, particularly when
they are observed in the near-Earth magnetotail where recon-
nection rarely occurs. They are probably related to tailward
moving closed flux tubes. Statistical studies by Schödel et
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Fig. 1. Positions of THEMIS P1 to P5 and GOES 10 between
02:20 UT and 04:00 UT on 12 December 2007 in the XY (left) and
YZ (right) planes in SM coordinates.

al. (2001a, b) showed that the probability of observing such
tailward flows increases toward the Earth and that the flows
are associated with dipolarizations. Their origin is, however,
yet to be identified.

Three interpretations of the tailward flows have been pro-
posed: rebounding of a closed flux tube due to an overcom-
pression of the magnetic field (a pile-up effect) during the
slowing down of earthward flow (Lopez, 1994; Chen and
Wolf, 1999; Ohtani et al., 2009), flow shear around bub-
bles moving earthward or diverging around the dipole-like
magnetic field (Chen and Wolf, 1993; Sergeev et al., 1996;
Walsh et al., 2009), and vortices in the near-Earth plasma
sheet (Fairfield et al., 1998). Numerical MHD simulations by
Birn et al. (2004) demonstrated that a void tailward of earth-
ward propagating depleted flux tubes is filled with mostly
field-aligned flow. In addition, they showed perpendicular
(convective) tailward flow behind the void, which is associ-
ated with the dawnward electric field.

In this paper, we report on multi-point observations of
plasma convective flows in the near-Earth plasma sheet,
some of which are tailward flows accompanied by a posi-
tive Bz. So far very few multi-point observations have been
available in the regions earthward of a reconnection site and
tailward of where earthward flow braking occurs (e.g., Sh-
iokawa et al., 1997; Birn et al., 1999). A recently launched
mission, the Time History of Events and Macroscale Inter-
actions During Substorms (THEMIS) (Angelopoulos, 2008)
which has five identical probes, provides an excellent oppor-
tunity to examine global as well as mesoscale dynamics of
the near-Earth magnetotail depending on the spacecraft con-
figuration. On 12 December 2007, all five probes observe
magnetic field fluctuations and fast flows when they are sit-
uated in the near-Earth plasma sheet with 1–2RE spacecraft
separations. A tailward flow with positiveBz is observed
by one probe at the same time an earthward flow is seen
by another probe. We examine flow patterns during the si-
multaneous observations of the earthward and tailward flows.
We conclude that plasma vortices are formed near the region
where the fast earthward flow slows down and turns in an
azimuthal direction.

2 Dataset

The present study uses the following data from THEMIS: 3-s
spin-fit magnetic field data obtained by the Fluxgate Magne-
tometer (FGM) (Auster et al., 2008), 3-s spin-fit electric field
data obtained by the Electric Field Instrument (EFI) (Bon-
nell et al., 2008), ion data with energies of∼5 eV–25 keV
obtained by the Electro-Static Analyzer (ESA) plasma instru-
ment (McFadden et al., 2008), and energetic ion data with en-
ergies above∼30 keV obtained by the Solid State Telescope
(SST) (Larson et al., 2008).

We calculate the electric field component parallel to the
spacecraft spin axis from the electric field perpendicular to
the axis (E′) and the magnetic field data (B) when the an-
gle betweenE′ and B is larger than 10◦, assuming that
E′

×B=zero. The electric field data is averaged over three
data points in this study to provide 9 s samples. Using the
reconstructed electric field (E) with three components, we
calculateE×B velocity.

ESA sweeps out 4π steradians every spin period (3 s) and
provides 3-s ion density and velocity data. Here we use the
reduced distribution, in which the angular distribution is re-
duced from 88 to 50 angles. SST covers 4π steradians every
spin period (3 s) and provides 3-s ion density and velocity
data. Angular resolutions for SST are 25◦ in the azimuthal
direction and 45◦ in the polar direction in spacecraft coordi-
nates. For ion velocity we use “joint velocity” data, where
both ESA and SST data are combined; the joint velocity is
calculated as: (nESAvESA+nSSTvSST)/(nESA+nSST), where
nESA and vESA are density and velocity obtained by ESA,
andnSST andvSST are density and velocity obtained by SST.

We also used the 0.512 s magnetic field data from
GOES 10.

3 12 December 2007 event observations

3.1 Overview

Figure 1 shows positions of THEMIS and GOES 10 be-
tween 02:20 UT and 04:00 UT. The left and right panels rep-
resent theX−Y andY−Z plane, respectively, in Solar Mag-
netic (SM) coordinates. All THEMIS probes were on their
outbound paths and situated in the near-Earth magnetotail
near the equator in SM coordinates. GOES 10 was in pre-
midnight near the equator in SM coordinates.

Figure 2 shows an overview of GOES and THEMIS obser-
vations at 02:20–04:00 UT. Figure 2a to f presents observa-
tions by THEMIS P1, THEMIS P5, THEMIS P2, GOES 10,
THEMIS P4, and THEMIS P3. Figure 2a, c, e, and f in-
cludes time series of the magnetic field,E×B velocity calcu-
lated from the electric field and magnetic field data, joint ion
velocity perpendicular to the magnetic field, and ion energy-
time (E−t) diagrams. Figure 2b and d shows only mag-
netic field observations, because electric field and plasma
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P2 overview: 0220-0400 UTP2 overview: 0220-0400 UT

    
-40
-20

0
20
40
60
80

B

[n
T

 S
M

]

  bx

  by

  bz

    
-200
-100

0
100
200
300
400

V
ex

b

[k
m

/s
 S

M
]

  Vx

  Vy

  Vz

    
-200
-100

0
100
200
300
400

V
i p

er
p

[k
m

/s
 S

M
]

  Vperpx

  Vperpy

  Vperpz

  Vperpx

  Vperpy

  Vperpz

    

105

106

Io
n 

[e
V

]

    

105

106

104
105
106
107

0230 0300 0330 0400
Universal Time

100

1000

10000

Io
n 

[e
V

]

0230 0300 0330 0400
Universal Time

100

1000

10000

104

105

106

107

hhmm
2007 Dec 12 

P5 overview: 0220-0400 UTP5 overview: 0220-0400 UT

0230 0300 0330 0400
Universal Time

-40
-20

0
20
40
60
80

B

[n
T

 S
M

]

  bx

  by

  bz

hhmm
2007 Dec 12 

GOES 10 overview: 0220-0400 UTGOES 10 overview: 0220-0400 UT

0230 0300 0330 0400
Universal Time

-40
-20

0
20
40
60
80

B

[n
T

 S
M

]

  Bx

  By

  Bz

hhmm
2007 Dec 12 

P4 overview: 0220-0400 UTP4 overview: 0220-0400 UT

    
-40
-20

0
20
40
60
80

B

[n
T

 S
M

]

  bx

  by

  bz

    
-200
-100

0
100
200
300
400

V
ex

b

[k
m

/s
 S

M
]

  Vx

  Vy

  Vz

    
-200
-100

0
100
200
300
400

V
i p

er
p

[k
m

/s
 S

M
]

  Vperpx

  Vperpy

  Vperpz

    

105

106

Io
n 

[e
V

]

    

105

106

104
105
106
107

0230 0300 0330 0400
Universal Time

100

1000

10000
Io

n 
[e

V
]

0230 0300 0330 0400
Universal Time

100

1000

10000

104

105

106

107

hhmm
2007 Dec 12 
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Fig. 2. An overview of THEMIS and GOES 10 observations and geomagnetic field variations at 02:20–04:00 UT on 12 December 2007.
Panels for(a) THEMIS P1,(c) P2,(f) P3, and(e) P4 include the magnetic field,E×B velocity, joint ion velocity (obtained from both ESA
and SST instruments), and ionE−t diagrams. Panels for(b) THEMIS P5 and(d) GOES 10 show magnetic field observations.

data were not available for THEMIS P5 and GOES 10 does
not make these measurements.

All probes observed fluctuations of the magnetic field be-
tween 03:00 UT and 03:30 UT. THEMIS P1 saw a dipo-

larization and fast (∼400 km/s) earthward and duskward
flow at ∼03:00 UT (Fig. 2a). It also observed tailward and
dawnwardE×B flow with speed of∼200 km/s at 03:10 UT.
Ion velocity derived from ion measurements was directed
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Fig. 3. The magnetic field andE×B velocity obtained in the new
coordinate system (see Sect. 3.2). For P1 and P2, the deviations
from the magnetic field smoothed with a 5-min average window are
presented. Red and blue shadows indicate activations(a–d) during
which more than one probe observed fastE×B flows.

duskward. Since the accurate calibration of SST data is yet
to be completed, we cannot identify so far whyE×B veloc-
ity and ion velocity disagree. (If this disagreement is due to
physical phenomena, the radial pressure gradient and/or gra-
dient B and curvature drifts of energetic ions are plausible
candidates. They could modify the distribution function and
therefore the velocity moments.)

THEMIS P2 saw a dipolarization and associated fast
(∼200 km/s) earthward and duskwardE×B flow at
∼03:10 UT (Fig. 2c). It also observed tailward and dawn-
ward E×B flow (∼100 km/s) at∼03:18 UT. (A sudden
change in energetic ion flux shown in theE−t diagram is
related to the SST particle attenuator opening. The SST
attenuator is used in the inner magnetosphere for reducing
large fluxes of radiation. The SST accurate calibrations

are not completed and this causes lack of removal of the
background.) THEMIS P3 observed a fast earthwardE×B
flow (>300 km/s) at∼03:20 UT (Fig. 2f). THEMIS P4 ob-
served slight fluctuations of plasma flows, while it saw no
clear earthward fast flow during the whole interval (Fig. 2e).
THEMIS P5 observed a dipolarization at∼03:10 UT and
GOES 10 saw a small dipolarization at∼03:05 UT.

During the first half of the interval shown in Fig. 2,By

was negative and sometimes comparable toBx or Bz at
THEMIS P1, THEMIS P2, THEMIS P3, and GOES 10, even
though the probes, except for GOES 10, were around mid-
night or on the dawn side whereBy is usually nearly zero
or positive as seen in various magnetic field models such as
Tsyganenko’s models (e.g., Tsyganenko, 2002). The probes
are located closer to the magnetic equator and further away
from the Earth than THEMIS P4 and P5 (see Fig. 1). The
observations suggest a strongly tilted plasma sheet which is
rotated clockwise around the X axis or anticlockwise around
the Z-axis.

This negativeBy started at about 01:40 UT (not shown
here) and remains until 03:30 UT. According to Geotail solar
wind observations upstream of the bow shock (X∼29RE),
the interplanetary field (IMF) was dominated by negativeBy

until ∼01:50 UT at the Geotail location (not shown here).
Since solar wind speed exceeds 600 km/s during the interval,
the negative IMFBy would have passed by the magnetotail
within 30 min, by∼02:20 UT. Therefore, the dominant neg-
ative IMF By alone does not seem to be responsible for the
tilted plasma sheet. We have not identified what leads to the
unusual plasma sheet configuration. The present study fo-
cuses on magnetic field fluctuations and fast plasma flow at
02:55–03:30 UT.

3.2 Magnetic field fluctuations and fast flows

As introduced in Sect. 3.1,By is large and unexpectedly
negative during the interval of 02:55–03:30 UT. Since it is
easier to examine fast earthward flow- and dipolarization-
associated magnetic field fluctuations in theX−Z plane, we
change the coordinate system in which the observed mag-
netic field variations are in only two components (i.e., new
X′ andZ′ components). The coordinate transformation also
makes it easer to examine a flow pattern in the plane paral-
lel to the current sheet (plasma sheet), because a large back-
ground dawn-dusk component (i.e.,By) disappears.

The new coordinate system that we chose is (X′, Y′, Z′)=(r,
b×r, r×(b×r)), wherer is a unit vector from a THEMIS P2
position at 03:10 UT toward the Earth andb is a unit vector of
the magnetic field observed by THEMIS P2.b is smoothed
with a 5 min window running average which is a little longer
than the time scale of the fast plasma flows (∼2 min) ob-
served by THEMIS during the interval of interest. We ap-
ply the new coordinate system to data from the other probes.
The reason why we use THEMIS P2 data to define the co-
ordinate system is that THEMIS P2 observed in most cases
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fast earthward flows and we are studying how the earthward
flows evolve in the vicinity of flow braking. Figure 3 shows
magnetic field andE×B velocity data in the new coordinate
system for THEMIS P1, P2, P3, and P4 from top down. In
the first and second panels, the deviations from the magnetic
field smoothed with a 5-min average window are also pre-
sented.

In this paper, we study plasma convective flows observed
simultaneously by more than one THEMIS probe. During
the four intervals (a)–(d) indicated by red and blue shadows
in Fig. 3, fastE×B flows were observed by more than one
THEMIS probe.

E×B flows were tailward and dawnward at THEMIS P1
and nearly earthward at THEMIS P2 during the interval (a).
The observations indicate a plasma vortex (see Sect. 3.3
in details). The magnetic field changed by 5–15 nT. At
THEMIS P2 observing the earthward flow, theZ′ compo-
nent increased and theX′ component decreased with fluctu-
ations. TheX′ andZ′ components at THEMIS P1, on the
other hand, decreased. The interval (b) also shows indica-
tions of a plasma vortex;E×B flows were tailward and dawn-
ward at THEMIS P1 and nearly earthward at THEMIS P2.
The magnetic fieldX′ component decreased at both probes,
and theZ′ component was not greatly changed. Such mag-
netic field variations in theX′ andZ′ components are simi-
lar to those expected at the time of dipolarization or plasma
sheet expansion. (It should be noted that the large negative
By at THEMIS P2 shown in Fig. 2 disappears and magnetic
field fluctuations are dominated by theX′ and Z′ compo-
nents. In addition,By′ at THEMIS P1 becomes close to zero
after 03:10 UT. Thus, we can discuss the field variations in
a background magnetic field dominated by the nearly sun-
ward and northward components.) In addition, we expected
that the fluctuations also resulted from field-aligned currents
(FACs) due to field twists or shear lead by the plasma vortex.
We discuss causes of the field fluctuations in Sect. 4.

At the interval (c), THEMIS P1, P2, and P3 observed con-
vective flow with different directions. THEMIS P4 saw no
clear earthward nor tailward flow during the three intervals.
At the interval (d), THEMIS P3 saw earthward fast flow,
while THEMIS P2 observed tailward flow. THEMIS P4 saw
relatively slowE×B flow. The observations imply flow di-
vergence around the dipole-like magnetic field (see Sect. 3.3
in details).

3.3 Flow patterns

In this section, we examine flow patterns in the four inter-
vals (a)–(d). We useE×B flow data because we focus on
convective plasma flows. Figure 4 shows flow patterns in the
X′

−Y ′ (left panel),Y ′
−Z′ (right panel) andX′

−Z′ planes at
the intervals (a)–(d) from top down. Diamonds in each panel
represent probe positions. Thin arrows indicateE×B flow di-
rection and their colors correspond to probe numbers. Thick
black arrows show averaged flow direction and strength. “X”

signs on the diamonds denote no clear flow observed by the
corresponding probe.

Flow patterns shown in Fig. 4a and b suggest a plasma vor-
tex at the time of earthward fast flow. Since the inner most
probe (P4) saw no clear flow, we suggest that the plasma
vortex is positioned near the region where earthward flow
braking occurs (flow-braking region). In fact, the magnetic
field at P4 is more dipole-like than that at P1 and P2 (see
Fig. 3). P3 also observed no clear flow during the interval.
We believe that this is because P3 was azimuthally distant
from the main earthward flow channel and/or inward of the
flow-braking region. Figure 5 illustrates a flow vortex pattern
(dashed arrows and lines) in theX′

−Y ′ andX′
−Z′ planes

along with spacecraft positions (diamonds) and the observed
flow directions (solid arrows). Big dashed arrows represent
the source earthward flow, and small dashed arrows show
plasma flows near the flow-braking region. Solid curved lines
in theX′

−Z′ plane panel illustrate stretched and dipole-like
magnetic fields.

Figure 4c indicates that the plasma flow is braking and di-
verging around the dipole-like magnetic field. Flow patterns
in Fig. 4d are not clear; flow at P2 and P3 are fluctuating more
than during the other intervals. Although it is not so easy
to explain this pattern, THEMIS P2 and P3 might see both
plasma vortex and flow divergence near the flow-braking re-
gion. We believe that flow at P4 is diverging around the
dipole-like magnetic field.

4 Summary and discussion

We examined fast plasma flows and magnetic field fluctu-
ations, including dipolarizations, observed by THEMIS at
03:00–03:30 UT on 12 December 2007. All THEMIS probes
were situated in the near-Earth plasma sheet. They provided
simultaneous observations of plasma convective flows made
by two or three probes separated by 1–2RE in azimuthal and
radial directions (see Fig. 1). We studied plasma flow pat-
terns for the observations by using a new coordinate system
in which the field fluctuations associated with the earthward
flows are in only two components. Flow patterns during two
of the four examined intervals (∼03:10 UT and∼03:14 UT)
showed that the plasma flows at THEMIS P1 were almost
in a direction opposite to the earthward-dominant flows at
THEMIS P2 azimuthally separated from THEMIS P1. No
clear flow was observed by the inner most probe THEMIS P4
which was located in almost the same MLT as THEMIS P2
(Fig. 4a and b). We conclude that plasma vortices are formed
in the vicinity of the flow braking, within a 1–2RE dis-
tance from the earthward edge of the flow channel of earth-
ward flows (i.e., where earthward flows slow down and turn
in azimuthal directions). An illustration of the plasma vor-
tex along with the flow observations is drawn in Fig. 5.
The braking of earthward flows and its diverging around the
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Fig. 4. Plasma flow patterns during the four intervals indicated by the red and blue shadows in Fig. 3 in theX′
−Y ′ (left), Y ′

−Z′ (right), and
X′

−Z′ planes of the new coordinate system. Diamonds represent spacecraft positions and thin arrows indicate flow direction and strength.
Each thick arrow shows an average of fast flows indicated by the corresponding thin arrows. “X” signs denote no clear flow observed.
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Fig. 5. Illustration of a flow vortex pattern inX′
−Y ′ andX′

−Z′

planes. Big dashed arrows represent the source earthward flow.
Small dashed arrows and lines illustrate plasma flows near the earth-
ward edge of the earthward flow channel. Solid arrows indicate
the directions of the observed flows for the intervals (a) and (b).
The Y-components of the flows in theX′

−Z′ plane are denoted by
the marks adjacent to the arrows. Diamonds represent THEMIS
positions. Solid curved lines in theX′

−Z′ plane panel illustrate
stretched and dipole-like magnetic fields.

dipole-like magnetic field were also seen during another in-
terval (Fig. 4c).

The formation of the vortices may be initiated by shear
flows ahead of an earthward moving flux tubes (e.g., Sergeev
et al., 1996). However, such shear flows alone would have
difficulties creating the flows directed toward the flow chan-
nel of the earthward moving flux tubes. We believe that ex-
istence of the earthward boundary of flow channels (where
earthward flows turn in an azimuthal direction) resulting in
divergence of the earthward flows around the dipole-like
magnetic field plays an important role in generating vortices.
In fact, the THEMIS observations examined in this paper
showed that the tailward and dawnward flows (observed by
THEMIS P1) directed toward the flow channel of the earth-
ward flows (observed by THEMIS P2) appears near the re-
gion where the earthward flows slow down and turn in az-
imuthal directions. The observations for another interval in-
dicate the divergence of earthward flows around the dipole-
like magnetic field.

(a) 0310:00 - 0312:00 UT

100 km/s 1 nT

b: unit vector of background 
    magnetic field

r: unit vector from S/C to Earth(b b x rr) x bb

b x rr

b

P1

P2

P2

P1

(b) 0313:00 - 0314:30 UT

1 RE

Fig. 6. Magnetic field variations (blue thin arrows) and plasma
flow patterns (orange thin arrows) at(a) 03:10:00–03:12:00 UT and
(b) 03:13:00–03:14:30 UT in the plane perpendicular to the local
magnetic field (see Sect. 4. for detailed descriptions of the coor-
dinate system). Diamonds represent spacecraft positions. Red and
blue thick arrows indicate the average of the corresponding plasma
flows and magnetic field variations, respectively.

The observed flow patterns are not likely due to rebound-
ing of the flux tubes transported earthward. The tailward (and
dawnward) flows observed at THEMIS P1 were not preceded
by earthward flows. If the tailward flows were due to the re-
bounding, the spacecraft would have seen any earthward flow
prior to the tailward flows.

It has been suggested that a plasma vortex leads to a twist
or shear of the magnetic field when MHD assumptions are
satisfied (e.g., Birn et al., 2004). Magnetic field twists or
shears lead by a pair of plasma vortices associated with fast
earthward flow in the vicinity of flow braking corresponds to
region-1 sense field-aligned currents (FACs) consistent with
the formation of a substorm current wedge (e.g., Birn et al.,
2004). Keiling et al. (2009) reported conjugate magneto-
spheric and ionospheric flow vortices during the formation of
the substorm current wedge. They estimated the amplitude of
the generated FACs, presenting that vortices generated FACs
at the beginning of the substorm expansion phase. In order to
examine the existence of FAC signatures in the magnetic field
data of our event, we plot the magnetic field variations in the
plane perpendicular to the magnetic field along with plasma
flow patterns for the intervals (a) (03:10:00–03:12:00 UT)
and (b) (03:13:00–03:14:30 UT) (see Sect. 3.3) as shown in
Fig. 6. One axis in the perpendicular plane is in the direction
of b×r, whereb is a unit vector of a 5-min window running
average of the magnetic field andr is a unit vector from a
spacecraft position to the Earth. The other axis is the cross
product ofb×r andb, lying in the same plane asb andr. The
coordinate system is determined at each spacecraft, giving
the plane perpendicular to the magnetic field to both space-
craft data. Relative spacecraft positions are presented in SM
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coordinates. Orange thin arrows indicate flow direction and
strength (same as the right panels of Fig. 4a and b except
for color). Red thick arrows present averaged direction and
strength. Thin blue arrows indicate the magnetic field vari-
ations, which are defined as deviations from the 5-min win-
dow running average. Thick blue arrows show averages of
the variations.

The variation averages are in a direction anti-parallel to
the flows at THEMIS P2 (green diamond) for the interval (a)
(Fig. 6a) and at THEMIS P1 (red diamond) in the interval
(b) (Fig. 6b). The magnetic field direction is consistent with
an expected direction of magnetic field changes due to FACs
generated by a plasma vortex, because FACs generated by
a vortex create the magnetic field anti-parallel to the vortex.
The variations of the magnetic field are, however, more scat-
tered than the plasma flow variations. The direction of the
field variations at THEMIS P1 (red diamond) for the first in-
terval (Fig. 6a) and at THEMIS P2 (green diamond) for the
second interval (Fig. 6b) is inconsistent with a field direction
due to FACs generated by a vortex. The FAC-related mag-
netic field variations were therefore present only a part of the
observations.

The most plausible reason why it is difficult to identify
FAC-related magnetic field signatures is that magnetic field
fluctuations at the time of a fast flow and its braking contain
the effects of the reconfiguration of the flux tubes (e.g., dipo-
larization) and the expansion of the plasma sheet as well as
of FACs generated by a plasma vortex.Bz increases andBx

decreases at the dipolarization, andBx decreases when the
plasma sheet becomes expanded. Such field variations are
believed to be usually larger than those due to FACs. Both
dipolarization and plasma sheet expansion can be frequently
seen when a spacecraft observes an earthward fast flow.
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