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Abstract. We present ground-based optical, riometer and1l Introduction
magnetometer recordings together with Polar UVI and
GOES magnetic field observations of a substorm that oc-l.1 The substorm concept and models
curred over Canada on 24 November 1997. This event in-
volved a clear optical onset followed by poleward motion The reconnection of the interplanetary and the terrestrial
of the aurora as a signature of an expanding auroral bulgemagnetic fields on the dayside magnetopause provides the
During the expansion phase, there were three distinct typesnergy that powers the substorm cycle. Newly opened flux
of meso-scale (10—-1000 km) auroral structures embedded itubes drift downstream towards the magnetotail adding to the
the bulge: at first a series of equatorward moving auroralmagnetic flux of the tail lobes. During the growth phase, en-
arcs, followed by a well-defined spiral pair, and finally north- ergy is added faster than it can be processed by the large-
south directed aurora (a streamer). The spirals occurred sescale convectionMcPherron 1972. As a result, the mag-
eral minutes after the onset, and indicate a shear in the fieldaetotail stretches, the cross-tail current increases and the
aligned current. The north-south aligned aurora that formecplasma sheet thins. At the expansion phase onset, what is
about 10 min after the onset suggest bursty bulk flow typein most cases the most equatorward auroral arc intensifies,
flows taking place in the central plasma sheet. Polar UVIbecomes dynamic and propagates poleward. A bulge forms
observations of the polar cap location indicate that the southin this breakup region and expands poleward as well as east-
ward drifting arcs were associated with magnetospheric acward and westward along the oval. The Westward Travelling
tivity within closed field lines, while the auroral streamer Surge (WTS) is usually observed as an auroral display at the
was launched by the bulge reaching the polar cap boundargxpanding western edge of the bulge.
i.e. the mid-tail reconnection starting on the open field lines. The main ionospheric signatures of a substorm have been
The riometer data imply high energy electron precipitation in described by e.gAkasofu (1964 and Elphinstone et al.
the vicinity of the the poleward moving edge of the auroral (1996. Ground magnetometers often detect Pi2 pulsations
bulge, starting at the onset and continuing until the formation(Yumoto et al, 1989. Particle injections Reeves et a|.
of the north-south structure. In this paper, we examine this1990) and magnetic field dipolarisatiohipu et al, 2002 are
evolving auroral morphology within the context of substorm observed at geosynchronous orbit. The dipolarisation reflects
theories. the decrease in the cross-tail current that goes hand-in-hand
with the current diversion through the ionosphere and the

Keywords. lonosphere (Auroral ionosphere; lonosphere- negative bay” in the magnetic X-component on the ground.

magnetosphere interactions) — Magnetospheric physicén classic sqbs'torms thereis a decreaseiln the area.ofhthg po-
(Storms and substorms) lar cap that indicates lobe flux reconnection on the nightside.

The merging of the tail field can lead to the formation and
subsequent ejection of a plasmoid downtail. Events that do
not involve lobe-flux reconnection are usually referred to as
pseudo-breakups (e.Bulkkinen 1996.

The process starting the substorm expansion in the tail
Correspondence td\. Partamies defines the main difference between the two most widely
(noora@phys.ucalgary.ca) discussed substorm models. According to the Near-Earth
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Neutral Line (NENL) modelBaker et al. 1996 Shiokawa et  Liu, 1997. Spiral formation has also been modelled by a lo-
al., 1998, the expansion phase starts with reconnection in thecalised shear in FAC#${allinan, 1976 which can be found at
mid-tail at 20—30Rg from the Earth. Plasma flows acceler- essentially any time and embedded in essentially any current
ated earthward from the X-line slow down in the stronger andsheet in the auroral ionosphere. This process can form a spi-
more dipolar magnetic field closer to the Earth (6-R£€). ral if there is an increase in a FAC filament, and a threshold
This results in a pile-up of the magnetic flux. The increasefor the current density~2.5 ©A/m?) is fulfilled (Hallinan
in flux corresponds to the dipolarisation and the diversion 0f1976).
the cross-tail current as Field-Aligned Currents (FAC) into  Poleward Boundary Intensifications (PBlsjons et al,
the ionosphere to form the Substorm Current Wedge (SCW)1999 are auroral brightenings near the polar cap boundary
Compressional pulses initiated from the flow braking pointand have traditionally been identified in keograms. Two-
(the pile-up region) propagate earthward causing Pi2 pulsadimensional image data show that PBIs can occur as arcs that
tions and particle injection at the geosynchronous ofi-(  are east-west aligned or tilted with respect to the polar cap
iokawa et al. 1998. boundary (e.gZesta et al.2002. They may also appear as
According to the Current Disruption (CD) moddly, latitudinally more localised structures that often evolve into
1996 2001), instabilities generate fluctuations in the mag- North-South (N-S) aligned aurora. PBIs can remain at the
netic and electric fields increasing the resistivity in the cross-boundary or propagate equatorward. In several event studies,
tail current region. This leads to the diversion of the currentthe N-S aurora that sometimes evolve from PBIs have been
to the ionosphere and the corresponding dipolarisation. Canrelated on a one-to-one basis to transient earthward flows in
didates for the near-Earth plasma sheet instabilities are, fothe CPS (e.gZesta et al.2000. On the other hand, equator-
instance, the cross-field currehtf et al, 1991 and the bal-  ward propagating arcs may be related to azimuthally broad
looning instability Roux et al, 1991). The instability in the  phase fronts of earthward propagating disturbances in the
earthward end of the plasma sheet propagates tailward asplasma sheeesta et al.2002).
rarefaction wave thinning the plasma sheet and resulting in As a theoretical example, the bubble modelRintius
conditions favourable for reconnection. and Wolf(1990 explained the fast flows in the plasma sheet
In both models, the current wedge is recognised as thés strongly earthward elongated, transient low-density chan-
self-consistent corollary to the current disruption in the near-nels. The drift velocities inside and outside the bubble (the
Earth Central Plasma Sheet (CPS). In the CD model scenaridlow channel) are different causing a charge accumulation
the poleward auroral expansion during the expansion phase @nd enhanced electric field that is consistent with the fast
an ionospheric signature of the tailward propagating rarefacflow. The charge separation is neutralised by the formation
tion wave and follows the onset. In the NENL model, the of a FAC loop to the ionosphere and N-S aurora (a streamer).
poleward expansion is an ongoing signature of the mid-tailPhenomenologically, the N-S structures often occur within
reconnection which launches fast Earthward flows (Burstythe auroral bulge. They form at the poleward boundary of the
Bulk Flows or BBF's,Angelopoulos et a).1992, which in  auroral oval, intrude rapidly equatorwardrim and Kau-
turn cause the flux pile-up in the earthward end of the plasmdistie, 2002 and references therein) and cause a local bright-
sheet, the disruption of the cross-tail current and the dipolar€ning at the equatorward part of the oval when reaching it

isation. (Sergeev et al.2001). They appear roughly 10 min after
the breakup and recur quasi-periodically, so that fluctuations
1.2 Meso-scale auroral structures within the bulge can be seen in the ground magnetic field recordings. In the

NENL model, streamers are ionospheric manifestations of
The transition region between the dipolar and the tail-like BBFs between the reconnection site and the plasma pile-
field lines (at about 6-1R[) is potentially unstable for bal- up region Henderson et 31.1998. According to the CD
looning instability Hameiri et al, 1991). Earthward directed model, the earthward flows in the CPS are related to con-
magnetic and pressure gradients can cause a surface wavection surgesl{ui, 1996 or the tailward propagation of the
type perturbation in this transition region. The perturbationrarefaction wave.
propagates westward along the drifting ions. Positive (nega- The auroral ionosphere is often referred to as a television
tive) charge accumulates at the leading (trailing) edge of thescreen showing the projection along magnetic field lines of
propagating wave structure due to the different drift speedsnagnetospheric processes during substorms. In this context,
of the particles on tail-like and dipolar field lines. The excessthe ground- and space-based optical observations are used
of electric charge can then be neutralised by the FACs divertto monitor the location of the important magnetospheric re-
ing into the ionosphere. Coupled to the Kelvin-Helmholtz gions such as the near-Earth transition region from the dipo-
instability, the ballooning instability has been used for ex- lar to the stretched magnetic field configuration, or the po-
plaining the formation of large-scale auroral vortices close tolar cap boundaryBlanchard et aJ.1995 Brittnacher et al.
the poleward boundary of the bright proton aurdfaronkov 1999 Donovan et aJ.2003. In this paper, we use optical
et al, 2000 as well as the triggering of a substorm expansionand geostationary data to study the appearance of meso-scale
phase or a substorm intensification (&gckson et al.200Q structures (arcs, spirals and streamers) within a poleward
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Table 1. Geographic latitude and longitude and PACE invariant
geomagnetic latitudeBaker and Wing 1989 of the CANOPUS
stations that produced data used in this study.

Station Abbreviation  Geographic Lat,Lon PACE Lat CGM Lat
Island Lake ISL 53.88N, 265.342 E 64.93 64.35
Gillam GIL 56.38 N, 265.36 E 67.37 66.79
Fort Churchill FCC 58.76N, 265.92 E 69.7F 69.10
Rabbit Lake RAB 58.22N, 256.32 E 67.76 67.45
Fort Smith FSM 60.03N, 248.07 E 67.9F 67.75

Rabbit Lake (RAB), and Fort Smith (FSM) (for station coor-
dinates, see Table 1).

Fig. 1. The locations of the Canadian fluxgate magnetometers (red N addition, we use data from the CANOPUS Merid-
diamonds). The FoVs of the Gillam ASI and MSP are indicated ian Scanning Photometer (MSP) at GIL, which monitors
by the black circle and thick black line, respectively. The contoursthe emissions at 557.7 nm, 630.0 nm, 486.1 nm (proton)
show the PACE invariant geomagnetic latitude and longitédéé¢r — and 470.9 nm (blue) along north-south scans. Assuming
and Wing 1989. The longitude contours are separated by one houran emission altitude of 110 km, its FoV extends roughly
in MLT. from 60°>CGMlat to 73CGMlat (49-63Glat). The aver-
age longitudinal resolution is .Z~20 km), and the time-

expanding bulge. We discuss the optical signatures of earthr-esomtion Is 30 S'. .
Global auroral images from the Ultraviolet Imager (UVI)

ward flows associated with the nightside reconnection of X .
both closed and open field lines and compare our findingse)qoe”ment .T.O” et al, 1993 on board the Pol_ar satellite
with the CD and NENL substorm scenarios. We will first Capture aptmty of.the auroral oval. We use |mages.from
describe the instrumentation in Sect. 2, then introduce thé_yman—Bnge-Hopﬁeld Iong.(LBHL, at 160-180 nm) filter
observations of this substorm event in Sect. 3. Discussion OYVh'Ch are taken about 3 min apart. D“”r?g the event stud-
the observations within the context of the above mentioneded here, the Polar UVI FoV covers approximately the whole

substorm models is provided in Sect. 4, and conclusions irporthern nightside oval. The spatial resolution of the UV im-
Sect. 5 ' ages is about 40 km in the direction across the oval and about

400 km along the oval.
The National Oceanic and Atmospheric Administration

2 Instrumentation (NOAA) GOES 8 and 9 geostationary satellites had their

footpoints on either side of the activity region. We use mag-
This section contains an overview of the ground-based anthetic field data from the GOES onboard fluxgate magnetome-
satellite instrumentation that provided the data used in thigers (key parameters from CDAWeb) to identify the dipolari-
study. The event we present in this paper occurred over censations at the geosynchronous orbit. We also use key param-
tral Canada on 24 November 1997, eter magnetic field data from the Interball Tail satellite in the

The locations of the Canadian Auroral Network for the tail lobe (Xgsm~—24 Re, Yesm~1 Re, Zesm~7.5 RE) for
OPEN Program Unified Study (CANOPUS3@stoker etal.  following the strength of the lobe magnetic field, and key pa-
1995 stations used in this study are shown in Fig.The  rameter magnetic and solar wind data from the Wind satellite
Gillam (GIL) All-Sky Imager (ASI) Field-of-View (FoV)  (Xgsm~185RE, Yosm~15 R, Zosm~30 RE) to estimate
covers a circular area with a diameter of about 600 km atthe energy transfer from the solar wind to the magnetosphere.
the altitude of 110 km. The size of the captured image is
200x 200 pixels giving the average spatial resolution of about
3 km (or 0.75). Images of both the auroral green (557.7 nm) 3 QObservations of the substorm
and red (630.0 nm) emissions are collected at a cadence of
one per minute using exposure times of 1.6 s. 3.1 Overview of the activity
Single-beam riometer&Rpstoker et a).1995 with a FoV

of 60° at all of the CANOPUS sites record data at the tem- In this section we describe observations of a substorm which
poral resolution of 5 s. While there are caveats, riometer aboccurred over the CANOPUS network between 01:00—
sorption in general indicates precipitating particles with en-04:00 UT ¢(-18:30-21:30 Magnetic Local Time, MLT) on
ergies of about 10-100 keV. In this study, we use the dat&?4 November 1997. IMFBz had been negative since
from Island Lake (ISL), Gillam (GIL), Fort Churchill (FCC), ~21:00 UT on the previous day. During this prolonged
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Fig. 3. By and Bz from GOES-8 satellite (first and second
panel) and total B from Interball Tail satellite @y=—24 Rg,
Yesm=2 Rg, Zgsm=7 Rg, bottom panel). The vertical lines
show the poleward motions experienced by the equatorward bound-
ary of the proton emission band at 03:22, 03:32, 03:42 and
03:50 UT. The bottom panel shows the evolution of the Akasofu’s
epsilon parameter as propagated to the magnetopause.

period of southward IMF there were numerous small acti-
vations in the auroral ionosphere as seen in the Polar UVI
images. The beginning of the substorm growth phase, iden-
tified by southward drifting arcs and a slow decrease in the
G S X-component of the ground magnetic field, was observed at
0338:19 UT_ - oromea rei - Gillam at around 01:00 UT. There were at least two smaller
- activations that we interpret as pseudo-breakw@2(24 and
Fig. 2. Three Polar UVI (LBHL) images taken at 03:22:59 UT, ~~03:10 UT) recorded at Gillam during the growth phase.
03:32:11 UT and 03:38:19 UT show the auroral bulge with the most 1h€ Auroral Electrojet (AE) index varied in range 200-
intense precipitation at the poleward edge and only faint arcs inside400 nT at 02:00-03:00 UT. It decreased to the minimum
Red asterisks mark the footpoint of the GOES 8 and 9 satellites0f 150 nT at around 03:30 UT, rapidly increased to 550 nT
and the ground magnetometer and riometer station at Rabbit Lakevithin the next minute and then decayed within the following
(RABB). The red circle shows an estimate of the ASI FoV at Gillam 1.5 h.
(GILL). Magnetic local midnight is down in the figure. As seen from the Polar UVI images (Fig), the oval was
latitudinally wide in the midnight sector and narrow in the
evening sector prior to the substorm expansion phase. The
oval broadened in the evening and midnight sectors during

Ann. Geophys., 24, 2202218 2006 www.ann-geophys.net/24/2209/2006/
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Fig. 4. A series of GIL ASI images during the substorm with one

minute imaging interval (upper panel) and the MSP recordings of

the green (557.7 nm) emission line (lower panel) as a function of £
the zenith angle and UT. Image times are marked on the MSP date

by the white dashed lines, and the solid vertical line shows the time

of the initial brightening at 03:24 UT. )

03:00 0310 03:20 03:30 0340 03:50 04:00

—500

the expansion phase activity. Tilted streamers grew and fadeﬁ'g' 5 EleCtrqjet. current densities (m'.A‘/ m) deduced from the
in different parts of the oval during the substorm Sequenceground magnetic field measurements using the method of upward
continuation byAmm et al.(1999. The electrojet is westward when

The intense precipitation of the breakup arc stayed at th‘?he current is negative (blue), and eastward when the current is posi-

edge O_f the poleward expanding bu!g_e (93326—03335 UT)tive (red). The vertical lines mark the times of the onset at 03:25 UT
Only faint arcs and unstructured precipitation were observedind the N-S aurora at 03:37 UT.

inside the bulge until the more intense N-S aurora crossed
the oval over Gillam at 03:37 UT.

Figure 3 shows magnetic field data from the geostation- footpoint locations are shown in Fig) show a clear dipo-
ary GOES 8 satellite (two upper panels for X and Z com- larisation beginning roughly at 03:32 UT as indicated by an
ponents) and from the Interball Tail probe (bottom panel)increase in the taiBz and decrease iBx (GOES 8 data in
which resided in the tail lobe. The Interball Tail magnetic Fig.3). There are small fluctuations in the GOES 8 and 9 in-
field data shows a systematic decrease in lobe magneti¢lination around 03:22 UT that coincide with the first dipo-
field strength that begins at roughly 03:22 UT and ends atarisation type signatures found in the proton auroral emis-
about 03:50 UT. The bottom panel shows the energy transsion.
fer from the solar wind into the magnetosphere as an ep-
silon parametere=(4r/po)V B23sin*(©/2), whereV is 3.2 Bulge-related signatures in the ionosphere
the solar wind speed is the magnitude of the solar wind
magnetic field/o=7 Rg is an empirical scaling parameter, In spite of the high level of background activity the substorm
and tari®)=By /B defines the IMF clock angleAkasofy signatures were clearly evident in the data. According to the
1981). Epsilon is calculated from the WIND satellite data Polar UVI images, the auroral onset took place close to GIL
and propagated to the magnetopause according to the aveat about 03:25 UT. Figuré shows the main optical features
age solar wind velocity and the upwind position of WIND. of the substorm as captured by the GIL ASI (upper panel)
Within the uncertainty in timing, which realistically is atleast and MSP (lower panel): a northward expansion of the au-
£5 min, the epsilon parameter starts to decrease simultaneora and a sequence of arcs drifting equatorward from the
ously with the decreasing lobe field recorded by Interball poleward boundary of the bulge (03:27-03:31 UT), a spiral
Tail. Geosynchronous observations by GOES 8 (nominalpair (at 03:32 UT) and a N-S aurora (03:37 UT). The initial

www.ann-geophys.net/24/2209/2006/ Ann. Geophys., 24, 22018-2006
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Fig. 7. A Polar UVI keogram along the ESK-FCC-GIL-ISL mag-
netic meridian. The northernmost blue colours mark the polar cap
boundary.

followed by a rapid poleward motion of the westward cur-
rent channel until the auroral streamer formed and propa-
gated equatorward at 03:37 UT. The streamer was accom-
panied by a pair of westward and eastward electrojets that
underwent a fast equatorward motion together. This kind
of behaviour is a typical signature of the streamer-related
counter-clockwise vortex of equivalent currents, which has
been interpreted as a footprint of intense field-aligned cur-
03:00 0315 0330 0345 0400 rents within the s_treameKaurlstle et al. ZOOQ 2003. Af-

ter the streamer intruded equatorward, an intense WEJ was
ut observed even further north (around®Yfom the location
where the streamer was formed. This corresponds to the
poleward expansion of the bulge as seen in the UV keogram

Absorption (dB)

Fig. 6. Riometer recordings from ISL (number 1), GIL (number 2),
FCC (number 3, 58.76N), RAB (number 4, 58.22N) and FSM

(number 5, 60.03N). First northward and then westward propaga- (Fig. 7). . L
tion of the absorption event is clearly visible. Gillam data has been A Survey of the magnetic X-component variations (data

filtered and the signal is good for timing purposes. not shown) indicates that the poleward propagating edge of
the bulge was latitudinally extended since the negative ex-
cursions were recorded also at RAB, roughly 12 degrees to

brightening was observed at about 03:24 UT in the MSP datathe west from the Churchill line. At the time of the streamer,

S . . X ho such deflection were observed suggesting that the current
which is about one mln_ute earlier than what was suggeste%ystem of the streamer was azimuthally more localised
by the Polar UVIrecordings. ) _ The riometers recorded an absorption spike (Span-

Figure5 shows the auroral electrojet current density calcu-gick et al, 2009 at the same time as the auroral onset
lated from the ground-based magnetic field recordings usingrig ). The first signature was observed at ISL at 03:25 UT
the one-dimensional upward continuation methodAoym ¢4 16wed by a spike-like feature at GIL at 03:26 UT (filtered
and Viljanen(1999. Thls_ metht_)d utilises spherical ele- data) and finally at FCC even further north. This poleward
mentary current systems in the ionosphere to construct thggnagation of the rapid increase in the absorption suggests
equivalent currents that correspond to the magnetic deflecg,5t 5 front of hard precipitation (energies over 20 keV) was
tions measured on the ground along the magnetic meridiaRg|ateq to the poleward expanding auroral bulge. In addi-
of Churchill (Fig. 1). The temporal resolution is five sec- o (o the northward expansion, westward motion of the ab-
onds, which is the resolution of the input magnetometer datagqption event was also detected by RAB and FSM, stations
The spatial resolution of the output200 km in the south |5cated west of the Churchill line. The latter absorption in-

and increasing northward) reflects the distances between thgesse seen at GIL and ISL corresponds to the equatorward
stations of the Churchill line. The equatorward motion of propagating auroral streamer.

the westward electrojet (WEJ, negative current densities in-

dicated by the blue colours) can be seen in the end of thg 3 Magnetospheric observations

growth phase (03:00-03:25 UT). Then an intensification of

the WEJ is observed at the onset time (03:25 UT) betweerA Polar UVI keogram along the Churchill line stations
magnetic latitudes of 65and 67. This intensification was (ESK-FCC-GIL-ISL) is shown in Fig. The UV-aurora

Ann. Geophys., 24, 2202218 2006 www.ann-geophys.net/24/2209/2006/
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Fig. 9. Proton auroral emission (486 nm) and the location of its
Fig. 8. Variations in the Northern Polar Cap index. Dashed line €quatorward boundary (red diamondSpfiovan et aJ.2003.
marks the start of the sudden increase at 03:37 UT.

ary inclination changes: when the geostationary magnetic
began to intensify around 03:20 UT and move poleward justfield configuration becomes more dipolar, the proton emis-
before 03:30 UT as an expanding bulge. This behaviour issjon band moves polewar®¢novan et al.2003. Thus, it
similar to the MSP data (557.7 nm in the lower panel of is interesting to compare the GOHE and By variations
Fig. 4), although in the UV-regime the contrast between the(two upper panels of Figd) with the GIL MSP proton au-
brightness of the arc at the poleward boundary and the aurorgsra observations (Fig). After the slow equatorward mo-
inside the bulge is not as large as in the visible aurora. Thejon during the growth phase (around 02:00—-03:20 UT), the
poleward expansion is seen to start earlier in the MSP datMSpP data shows a sequence of transient poleward shifts of
due to the better spatial resolution. The most important mesthe 486 nm equatorward boundary (red diamonds) at 03:22,
sage of the UVI keogram comes from the distribution of the 03:32, 03:42 and 03:50 UT. At 03:32 UT and 03:50 UT
dim aurora (blue colours in the palette): The initial bright- corresponding, nearly simultaneous deviations can be distin-
ening and the first part of the poleward motion of the bulge guished both in GOE®, data (excursions to larger values)
took place clearly at lower latitudes than the poleward bound-and in GOESBy data (excursions to smaller values). Sur-
ary of the dim aurora, which in the evening sector is oftenprisingly, the MSP proton data and GOBS show the first
associated with the polar cap boundary (separatrix betweesmall dipolarisation-like signature at 03:22 UT, i.e. a couple
the closed and the open field lines, &aker et al. 2000.  of minutes before the brightening in the electron aurora and
The UV-bulge reached the poleward boundary only arounckhe electrojet enhancement. Ten minutes later, a major ex-
03:36-03:37 UT when the dim aurora started to migrate to-pansion phase related dipolarisation was recorded by GOES
wards higher latitudes. Thus, the auroral activity inside theg and a simultaneous ASI image from GIL showed a pair of
bulge were caused by processes on closed field lines unturoral spirals close to the poleward boundary of the proton
about 03:36 UT,; only after the bulge had reached the Polagemission band.
Cap boundary did the reconnection of open field lines take The total magnetic field variations measured by Interball

place Eriedrich et al.2007). ) ) Tail (bottom panel of Fig.3) describe the magnetic flux
The Northern Polar Cap (PCN) indeXrpshichev et al.  changes in the lobe. During the growth phase there should
1979, shown in Fig.8, monitors the strength of the polar pe 3 flux increase in the tail due to the dayside reconnec-
cap convection with one minute time-resolution. A dramatiction, and when the nightside reconnection starts or the cur-
increase in the PCN values around 03:37 UT supports thigent disruption takes place the field should weaken. The vari-
reasoning indicating an enhancement in the convection speegtions in the solar wind dynamic pressure also affect the lobe
in the polar cap, which is likely to be caused by an intensi-fie|q strength altering the situation governed by the magne-
fied nightside reconnection of the open field lines. SimU|ta'tospheric processes alone. During the substorm discussed
neously, there was also a change in the appearance of visiblgere, the lobe field measured by Interball Tail increased dur-
aurora from the southward drifting arcs to the north-southing 03:00-03:22 UT. At that time, roughly simultaneously
aligned streamers (see F#4). with the first dipolarisation signature (03:22 UT as inferred
The variations in the equatorward boundary of the protonfrom the MSP data), the lobe field started to decrease. Both
aurora have been shown to correlate well with the geostationthe Polar UVI data (Figr) and the PC index (Fig) suggest
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that the reconnection of the open field lines on the nightsidethe 630 nm filter of very bright lower-altitude aurora. How-
started only after 03:36 UT. ever, according to the Polar UVI keogram (F1gy, the open-
closed field line separatrix had much smoother behaviour and
clearly resided at higher latitudes.
4 Discussion The Northern Polar Cap (PCN) index strongly increased
simultaneously with the streamer observation at 03:37 UT
This substorm event was characterised by 1) typical growth(Fig. 8). The PCN is a proxy for (roughly proportional to)
phase signatures (equatorward motion of the proton banghe nightside reconnection rate, so the PCN recordings sug-
and a decrease dfz at the geosynchronous orbit) preced- gest that the BBFs are more efficient in carrying the energy
ing the expansion phase, 2) dipolarisation signatures at thearthward from the reconnection site than are the east-west
geostationary orbit and a flux decrease in the tail lobe, 3) aaligned phase fronts (arcs). The increase in PCN also sug-
bulge with a streamer inside it. However, some of the signagests that the processes causing the aurora took place on

tures differ from a typical substorm. For example, no west-closed field lines until the streamer occurred at 03:37 UT.
ward travelling surge (WTS) was observed but the auroral

bulge was rather void of precipitation. Instead of a WTS,
the brightest aurora and the enhanced currents were observed Conclusions
as poleward propagating arc-like structure at the poleward
boundary of the bulge. We have studied and described a substorm event which took
Spirals were formed inside the bulge but in this case theyplace over the CANOPUS network on 24 November 1997.
cannot be interpreted as a sign of instabilities leading to aGood coverage of the ground-based data in addition to the
global reconfiguration of the magnetic field. The growth andPolar UV images provided an overview of the ionospheric
decay of this spiral pair occurred within one minute (the in- electrodynamics. GOES measurements of the tail magnetic
terval between two successive ASI images). Compared to theld confirmed the dipolarisation. An auroral bulge was
vortices studied byoronkov et al.(2000 these spirals were formed at the breakup region and an intense breakup arc at its
approximately of the same size, but clearly faster growingpoleward edge moved poleward together with the bulge ex-
and without a visible stage of saturation — at least in imagegansion. A pair of spirals was formed within the faint emis-
taken at a cadence of one per minute. This suggests that thgons inside the bulge. About 10 min after the breakup (5 min
spirals were produced by the FAC instability without cou- after the spiral formation) bright auroral emission was again
pling to the ballooning mode. The spirals formed in an arccaptured by the ASI in Gillam as the N-S aurora intruded
much dimmer than the most poleward one. in the FoV. The riometer absorption showed energetic pre-
The N-S aligned auroral streamer showed many of thecipitation related to the brightest auroral arc at the poleward
features described b$ergeev et al(2001). The poleward boundary of the bulge, and likely also to the equatorward
boundary of the oval brightened prior to the equatorward in-moving streamer. The Polar UVI keogram showed that the
trusion of the streamer and a local brightening both in protonstreamer was initiated at the time the bulge reached the open-
and electron aurora was observed in the equatorward part doflosed field line boundary, just north of the MSP FoV.
the oval when the streamer reached that region. In the near- The first dipolarisation-like signatures, in the form of a
Earth region, the streamer was related to the dipolarisatioppoleward motion of the equatorward boundary of the pro-
similar to the streamer in the case studyKwuristie et al.  ton aurora (Fig9), were observed a few minutes prior to the
(2003. The structure appeared about 12 min after the on-brightening of the aurora (at about 03:24 UT) and the first
set, which is also a typical feature accordingleehr and  ionospheric signatures of the onset (absorption spike at ISL
Lummerzheim(2001). Both the southward drifting arcs and at 03:25 UT). After the onset, east-west aligned arcs drifted
the streamer originated from the bright poleward edge of theequatorward from the poleward boundary of the bulge, fol-
bulge and thus, they fulfil the characteristics of PEIsgta  lowed by N-S aurora. The major dipolarisation related to the
et al, 2002. According to our observations, the auroral arcs expansion was seen by GOES 8 and 9 satellites at 03:32 UT.
appear as a consequence of the processes within the closedIf we interpret our observations according to the CD sce-
field lines, while the streamer seems to act as a sign of the renario, the expansion phase started at 03:25 UT (dipolarisa-
connection of the open field lines. This is an interesting find-tion in the near-Earth region), while in the NENL picture the
ing, but requires further studies with more events and moreexpansion started at 03:37 UT (reconnection of open field
comprehensive data. In this context, it is important to care-ines). The ground-based observations of the brightening and
fully locate the polar cap boundary. During the period of the the poleward expansion of the aurora after 03:25 UT are dif-
southward drifting arcs (03:27—03:35 UT), we could not useficult to interpret as growth phase phenomena as suggested
the poleward boundary of 630.0 nm aurora (data not shownpy the NENL model. The ground-based data show first the
to identify the open-closed boundary as the signal seemegropagation of the activity from near-Earth to mid-tail (pole-
to be dominated by emissions from altitudes comparable tavard expansion of the auroral bulge) and then in the oppo-
the 557.7 nm emissions likely indicating a leakage throughsite direction (equatorward intrusion of the streamer), which
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is consistent with the CD model. The polar cap boundary,Amm, O., Pajunga, A., and Bandstbm, U.: Spatial distribution
however, follows the NENL scenario: it shows equatorward of conductances and currents associated with a north-south auro-
drift until 03:37 UT and simultaneously with the start of its  ral form during a multiple-substorm period, Ann. Geophys., 17,
poleward expansion the auroral streamer was launched. The 1385-1396, 1999. o o
arrival of the streamer to the near-Earth region did not trigger®™M. O- and Viljanen, A. lonospheric disturbance magnetic field

any immediate global-scale activity which is the main prob- continuation from the ground to the ionosphere using spherical
. . elementary current systems, Earth Planets Space, 51, 431-440,
lem for NENL in this case.

1999.

The time delay from the initial dipolarisation type signa- angelopoulos, V., Baumjohann, W., Kennel, C. F., Coronti, F. V.,
ture (03:22 UT) to the reconnection of the open field lines  Kivelson, M. G., Pellat, R., Walker, R. J., Luehr, H., and
(03:36-03:37 UT) was 14-15 min. Consequently, the large paschmann, G.: Bursty bulk flows in the inner central plasma
energy storage of the lobe magnetic field was not available sheet, J. Geophys. Res., 97, 4027-4039, 1992,
during the first part of the substorm and thus, this event alsdaker, D. N., Pulkkinen, T. I., Angelopoulus, V., Baumjohann, W.,
demonstrates that processes in the inner magnetosphere canand McPherron, R. L.: Neutral line model of substorm: Past re-
tap enough energy to generate bright aurora and significant Sults and present view, J. Geophys. Res., 101, 12975-13010,
fluxes of energetic precipitation. ) ] - )
Interball Tail observations of lobe field decrease startingE2ke" J- B, Clauer, C. R., Ridley, A J., Papitashvili, V. O., Brit-

) . . tnacher, M. J., and Newell, P. T.: The nightside poleward bound-
a_llready at 03'2,2 _UT somewhat complicates the p'Cturej If th,e ary of the auroral oval as seen by DMSP and the Ultraviolet Im-
field decrgase is mterpreteq as a consequence of the nlghtS|deager, J. Geophys. Res., 105, 21 26721 280, 2000.
reconnection of the open field lines this did not take placegaker, K. B. and Wing, S.: A new magnetic coordinate system for
in the CANOPUS MLT sector since the Polar UVI data did  conjugate studies at high latitudes, J. Geophys. Res., 94, 9139—
not show a poleward motion of the polar cap boundary there. 9143, 1989.
Thus, the near-Earth and mid-tail phenomena would have td@lanchard, G. T., Lyons, L. R., Samson, J. C., and Rich, F. J.:
occur in different MLT sectors. The decreasing energy input Locating the polar cap boundary from the observations of 6300
into the magnetosphere)(and especially the near-Earth cur- _ Aauroral emission, J. Geophys. Res., 100, 7855-7862, 1995.
rent disruption could also explain the lobe field decrease adrittnacher, M., Fillingim, M., Parks, G., Germany, G., and Spann,
the lobe field strength is dictated by the intensity of cross tail 2 Polar Cap area and boundary motion during substorms, J.

- . . - Geophys. Res., 104, 12251-12 262, 1999.

current. However, with the available satellite observations . ) .
. . . . L .~Deehr, C. and Lummerzheim, D.: Ground-based optical observa-
in th'e magnetotail yve cannot Conflrm this Connectlon in this tions of hydrogen emission of the auroral substorm, J. Geophys.
parthular case, neither can we estimate the signal propaga- res. 106, 33-44, 2001.
tion time from the near-Earth plasma sheet to the mid-tailponovan, E. F., Jackel, B. J., Voronkov, I., Sotirelis, T., Creutzberg,
lobe. The future Time History of Events and Macroscale In- ., and Nicholson, N. A.: Ground-based optical determination
teractions during Substorms (THEMIS) mission with satel-  of the optical b2i boundary: A basis for an optical MT-index, J.
lites monitoring simultaneously both the mid-tail and near- Geophys. Res., 108, doi:10.1029/2001JA009198, 2003.
Earth regions and with the wide-screen television monitor ofElphinstone, R. D., Murphree, J. S., and Cogger, L. L.: What is an
the ground-based instrumentation will yield us new opportu-  auroral substorm?, Rev. Geophys., 34, 169-232, 1996.
nities to study the magnetospheric processes leading to thgfickson, G. M., Maynard, N. C., Burke, W. J., Wilson, G. R.,

substorm onset, and in which circumstances they work and Heinemann, M. A.: Electromagnetics of substorm onsets in
’ ' the near-geosynchronous plasma sheet, J. Geophys. Res., 105,

. 25265-25 290, 2000.
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