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Abstract

A coordinated study of a substorm that occurred on 5 October 2002 is presented using instruments located at 15 Rg
downtail, at a near-Earth location of 6.6 Rz downtail and on Earth. Near-Earth substorm signatures are detected
from one minute after onset, where onset is defined by the detection of electrojet and substorm current wedge
signatures in the CANOPUS magnetometer data. Subsequently, 12 minutes after onset the Cluster spacecraft detect
first the dawnward edge, then 40 minutes after the duskward edge, of the substorm current wedge (SCW), indicating
that this has moved dawnward during the expansion phase. The corresponding footprint of the SCW is inferred from
magnetometer data available from CANOPUS and Greenland magnetometer data. The SuperDARN data detect an
intensification in ionospheric flows 22 minutes after substorm onset. It is concluded that a cross-tail current sheet is
detected at the orbit of the Cluster spacecraft at ~15 R downtail, the signature of which is lost 3 minutes prior to

substorm onset, perhaps due to thinning of the current sheet.

Introduction

The large-scale dynamics of the plasma sheet during a
substorm can be studied using data from instruments
on spacecraft such as the four Cluster spacecraft. The
corresponding dynamics closer to Earth can be
detected with instruments on satellites at geostationary
orbit, and the response in the ionosphere sensed using
ground-based radars and magnetometers. By studying
a substorm using a wide range of instruments located
at key areas of interest in the magnetosphere and
ionosphere, information about the current systems and
plasma flows before, during and after substorm onset
can be inferred. This helps constrain the possibilities
for the order in which processes occur, thus allowing
conjectures to be made upon the nature of the
substorm onset mechanism. The two main onset
mechanisms are the near-Earth neutral line (NENL)
model (Baker et. al., 1996 and references therein) and
the cross-field current instability (CCI) model (Lui et.
al., 1996 and references therein). Here we present an
initial study of conditions in the tail and ionosphere
during the growth phase and at expansion phase onset
of a substorm on 5 October 2002.

Instruments
The two magnetometer chains used in this study are
the CANOPUS (Rostoker at al., 1995) and Greenland
(Friis-Christensen et al., 1988) chains; the former is
located in west-central Canada and the latter along the
eastern and western coasts of Greenland. The
magnetometer (MAG; Smith et al., 1998) and Solar
Wind Electron, Proton and Alpha Monitor (SWEPAM,;
McComas et al., 1998) instruments on the Advanced
Composition Explorer (ACE; Stone et al., 1998)
spacecraft are used to determine the solar wind

parameters for the interval leading up to substorm
onset. The near-Earth (6.6 Rg downtail) conditions
around substorm onset time are detected using a
Geostationary Operational Environmental Satellite
(GOES 8) and the Los Alamos National Laboratory
(LANL) spacecraft. Further downtail at ~15 Rg
downtail the Cluster spacecraft are collecting data for
the conditions in the magnetotail, with the Cluster lon
Experiment (CIS; Réme et al., 1997), Plasma Electron
and Current experiment (PEACE; Johnstone et al.,
1997), Research with Adaptive Particle Imaging
Detector (RAPID; Wilken et al., 1997) and Fluxgate
Magnetometer (FGM; Balogh et al., 1997)
instruments. The ionospheric flows are looked at
using line-of-sight velocity data from six of the
northern hemisphere Super Dual Auroral Radar
Network (SuperDARN) radars (Greenwald et al.,
1995).

During the interval of interest the Cluster spacecraft
are located at 15 Rg downtail, and their footprints
along the magnetic field line (mapped using the
Tsyganenko 1996 model (Tsyganenko and Stern,
1996)) are located in the field-of-view of the
SuperDARN radars for a significant number of hours
both before and after the substorm onset. Their
footprint maps between the locations of the
CANOPUS and Greenland magnetometer arrays.

Observations
The top two panels of figure 1 show the Bx component
from selected CANOPUS magnetometer stations (ISL
and PIN). A decrease in the Bx component of the
magnetic field at the ISL station occurred at 0250 UT,
indicating that this station detected the onset of the



westward electrojet of a substorm at this time. The Bx
component at PIN increased at the same time and is
either the signature of the field-aligned current part of
the SCW or an enhanced eastward electrojet. These
two stations are the southernmost of the CANOPUS
magnetometer array. In addition the MFI instrument
on the GOES 8 spacecraft (located at ~2200 MLT)
detected a small dipolarisation at 0251 UT (panels 7, 8
and 9 of Figure 1) as a result of a small increase in the
Bz component (panel 8). This is followed by a larger
increase at 0256 UT. The LANL spacecraft are
located at 6.6 Re downtail; data not shown. The low
energy electron data show evidence for a
dispersionless plasma injection at the same time, with
further dispersed injections detected at the other
LANL spacecraft later on. The time of 0250 UT is
taken as that of substorm onset for the study.

Data from the MAG instrument on the ACE spacecraft
are also shown in Figure 1 (panels 3, 4 and 5). This
indicates that the interplanetary magnetic field (IMF)
is southward for approximately 45 minutes prior to
substorm onset at 0250 UT, apart from a 7 minute
interval shortly before onset. The SWEPAM
instrument (panel 6) indicates that the solar wind
velocity is around 395 km/s earthwards throughout the
interval.

The FGM instruments on the four Cluster spacecraft
detect the magnetic field in the magnetotail. These
data are shown in Figure 2. At the time of substorm
onset the Bx and Bz components of the magnetic field
at Cluster orbit both decrease. This is unusual as
dipolarisation of the magnetotail would usually result
in a decrease in the x component but an increase in the
z component. It is interesting to note that the Bz
component also turns negative, reaching a minimum of
~-6 nT four minutes after onset. The x component of
curl B can be used as a proxy for the current in the x
direction, jx, since curlB=pyj; similarly for y. Before
the substorm onset, the Cluster spacecraft detect a
current in the jy direction; the cross-tail current sheet
current.

This signature is lost 3 minutes before substorm onset,
at 0247 UT. At 0302 UT, 12 minutes after onset, the
jX component estimated from curl B is positive,
indicating that the main current detected by the
spacecraft is now Earthward; the spacecraft must be
located on the dawnward edge of the SCW. Around
the time of re-entry to the plasma sheet at 0330 UT, jx
is negative, so the spacecraft are detecting tailward
field-aligned current; the location of the SCW has
moved.

Data from the Greenland magnetometer network (not
shown), located to the east of the CANOPUS network,
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Figure 1: Data for 5 October 2002, from 0130 UT until 0430 UT.
Panels 1 and 2: CANOPUS magnetometer data from ISL and PIN
stations; panels 3, 4, 5: ACE MAG data for Bx, By and Bz
components of IMF (GSM coordinates); panel 6: ACE SWEPAM
data for VVx (GSM); panels 7, 8, 9: GOES 8 magnetometer data for
Bx, Bz and lambda (GSM).

shows that onset at these stations is detected 3 minutes
after onset at 0253 UT at the lowest latitude station,
NAQ. This station detects a decrease in the Bx
component of the magnetic field; thus the westward
electrojet is located above the NAQ station. The Bz
component of the magnetic field at this station is
steady before onset; at onset it increases and then after
the onset it is steady again. This means that the centre
of the electrojet finished equatorward of this
southernmost Greenland station.

Particle data from the Cluster 1 spacecraft are shown
in Figure 3 (data from other spacecraft not shown).
Panels 1 and 2: CIS instrument - low energy ion
density and vx, vy and vz; panel 3: PEACE instrument
- low energy electron density; panel 4: RAPID
instrument - high energy electron density. At 0258 UT
the low-energy ion density detected by the CIS
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Figure 2: Data for 5 October 2002, from 0230 UT until 0400 UT.
Panels 1, 2 and 3: Bx, By and Bz components of magnetic field from
the FGM instrument on each of the four Cluster spacecraft; panel 4:
curl Bx, curl By, div x calculated from the Cluster FGM data.

instrument on three of the Cluster spacecraft
decreases, while strong Earthward flows are detected
at all spacecraft. These flows are strongest at Cluster
4, weaker at Cluster 1 and weakest at Cluster 3. At
later times (~0310 UT) the flows change direction and
are tailward. The spacecraft appear to be in the plasma
sheet boundary layer for a long time, and hence there
is a lot of structure within the data. The spacecraft exit
into the lobe before re-entering the plasma sheet at
0330 UT; the density increases. Earthward, then
tailward, flows are detected. The four PEACE
instruments also showed differing structure between
each of the spacecraft, with a prolonged stay of around
15 minutes in the plasma sheet boundary layer. The
spacecraft exit to the lobe for ~15 minutes, during
which time the low-energy electron count rate is low.
The spacecraft re-enter the plasma sheet at 0330 UT.
The RAPID instrument on the Cluster spacecraft also
shows that the spacecraft are in the plasma sheet
boundary layer for a long time; it is interesting to note
that the count rate of the higher energy particles
decreases at ~0252 UT, just 2 minutes after the onset
time. At 0258 UT the count rate at this energy level
drops out almost completely. At 0330 UT the count
rate recovers as the spacecraft re-enter the plasma
sheet.

SuperDARN map potential plots are large-scale global
convection plots derived from line of sight velocities
observed by the SuperDARN radars, shown in Figure
4 (Left panel: 0310 to 0314 UT. Right panel: 0318 to
0322 UT). These show intensifications in ionospheric
flow to ~700 m/s in the midnight sector at 0312 UT,
22 minutes after onset, at which time the Cluster
spacecraft are located in the plasma sheet boundary
layer/lobe region. 30 minutes after onset there are
further intensifications in the midnight sector to
~1,000 m/s, during which time the Cluster spacecraft
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Figure 3: Data for 5 October 2002, from 0230 UT until 0400 UT.
Panels 1 and 2: CIS - low energy ion density and vx, vy and vz
components of velocity; panel 3: PEACE - low energy electron
density; panel 4: RAPID - high energy electron density.

are located in the lobe.

Conclusions

This event is clearly a substorm, albeit one with rather
unusual features in the data. The Cluster spacecraft
appear to be detecting the SCW from 12 minutes after
onset. Initially, as the spacecraft are leaving the
plasma sheet, they are located on the dawnward edge
of the SCW; however, as the spacecraft re-enter the
plasma sheet the spacecraft are located on the
duskward edge of the SCW, indicating that the SCW
has moved dawnward. The unusual decrease and
turning negative of the Bz component of the magnetic
field detected at the Cluster spacecraft at onset remains
to be fully explained. However, one interpretation
might be the motion of a travelling compression region
(Slavin et. al., 2003) past the Cluster spacecraft.

Most importantly, it is clear that the cross-tail current
sheet is detected by the Cluster spacecraft prior to
onset, and that the signature for this is lost some three
minutes before the substorm onset begins on Earth, as
detected by the ground based magnetometers. This is
consistent with thinning of the current sheet (at ~15
Rg) prior to onset, and would be consistent with the
later expansion of the plasma sheet over the spacecraft.
A fuller interpretation of the data will follow in a full-
length paper.
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