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Observations of tail dynamics using ground and
space based instruments during a period of multiple
substorm events

C. Forsyth, M. Lester, S.E. Milan, A. Grocott, H.U. Frey, E. Lucek, H. Reme, and J.
Watermann

Abstract: We present initial observations from an ongoing investiginto the dynamics of the magnetotail during a
period of multiple substorms. The investigation coordasatlata from ground and space-based instruments incluléng t
Cluster and IMAGE spacecraft, SuperDARN and ground magneters during the period 00:00UT to 05:00UT on 25th
August, 2003. The first substorm expansion phase, whicheisepgied by two pseudo-breakups at 00:38UT and 00:57UT,
takes place between 01:11UT and 01:50UT during which tima@& WIC(FUV) data for the Southern auroral oval
shows enhanced auroral activity almost solely in the pddtight sector and the occurrence of auroral streamersrwith
the auroral bulge. SuperDARN map potential analysis shoflevwadiversion with a northern hemisphere footprint that
is conjugate to a southern hemisphere auroral streameindthis time, Cluster CIS and FGM instruments detect the
passage of under-populated flux tubes, or plasma bubbldsa field rotation event, discussed as a flux rope. These
observations agree with current predictions on the raiatigp between streamers and under-populated flux tubeg itaith
from the Chen and Wolf model.

Key words: Substorms, Cluster, Magnetotail Dynamics, Auroral StreemUnder-populated flux tubes.

1. Introduction was preceded by a quasi-periodig componentin the Cluster

Magnetotail dynamics and their auroral and ionosphericFG'vI data.

manifestations have been the subject of much debate since
Akasofu [1] published his seminal paper on auroral substorm 2  Opservations
Now, with space based instrumentation, such as that onboard
the Cluster and IMAGE satellites, and ground based instrime 2.1. Interval Overview
networks, such as SuperDARN and various magnetometer a?-1.1. IMAGE WIC(FUV)
rays, we can relate auroral and ionospheric signatureseto th During the interval, IMAGE WIC(FUV) [7, 8] monitored
dynamic morphology of the magnetotail. the Southern auroral zone, with the optimum field of view
During the interval between 00:00UT and 05:00UT on the(i.e. time before auroral oval was at the edge of the field of
25th August, 2003, the Cluster spacecraft were near apogedew) being before 03:00UT. Three substorms were identified
downtail, in the post-midnight sector of the southern plasm based on the following criteria; duratiom-{0min), poleward
sheet, the IMAGE spacecraft was monitoring the Southermexpansion £10 °magnetic latitude), extension-2hrs mag-
auroral zone and the magnetometers of the IMAGE, Greemetic local time). These substorms began at 01:17UT, 02f29U
land and CANOPUS chains and radars of SuperDARN werand 04:17UT. Three further events (enhancements) were ob-
passing through the night sector. During this interval,tipld ~ served, although we do not classify these as substorms since
substorm onsets and auroral enhancements were detected daye or more of the criteria were not met. These enhancements
these instruments. One of these onsets showed North-South ébegan at 00:38UT, 00:57UT and 01:50UT.
roral forms, or streamers [12], in the IMAGE WIC(FUV) and
Greenland magnetometer data and under-populated flux,tubed1.2. Cluster
or plasma bubbles, in the Cluster CIS and FGM data. Another The Cluster spacecraft were located near apogee in the
Southern post-midnight sector throughout the intervatirdyu
Received 12 May 2006. which time the Fluxgate Magnetometer (FGM! [3]) (Fig. 1)
measured two largex(10nT) decreases in the field strength,
C. Forsyth, M. Lester, SE. Milan, and A. Grocott. Dept. Phys-  which was dominated by thB,, component throughout the in-
ics & Astronomy, University of Leicester, Leicester, UK teryal. The first of these decreases begins at 01:15UT atwd las
H.U. Frey. Space Sciences Laboratory, University of California, yntj| 02:00UT and coincides with the first substorm expamsio
Berkeley, California, USA . . P
E. Lucek. University of London, Imperial College of Science phase seen in the IMAGE WIC(FUV) data. During this event,
) : ‘ ' the field strength becomes very close to OnT at 01:27UT. The

Technology & Medicine, Blacket Lab., London, UK ) . . .
H. Reme. Centre d’Etude Spatiale Des Rayonnements, ToulouseS€c0Nd major field decrease starts at 03:50, withRheom-

France ponent appearing to be quasi-periodic until 04:25UT. Dairin
J. Watermann. Atmosphere Space Research Division, Danish Metthis substorm the field drops by approximately 10nT to a level
eorological Institute, Copenhagen, Denmark below that predicted by the Tsyganenko T96 field model.
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The Cluster lon Spectrometer (CIS, [10]) showed drops
in ion density (not shown) between 00:45UT-01:15UT and
02:45UT-04:00UT indicating that Cluster moved from the
plasma sheet boundary layer (PBSL) [4] into the tail lobes. -200
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00" 00% 01" 017 02 %211. 03" 037 047 047 05 sawtooth-like feature inB,. Assuming that auroral disturb-
ances in the southern hemisphere map to similar locations in

Fig. 1. Cluster FGM data from 25th August, 2003 (00:00UT- the northern hemisphere, we find that the Ammassalik (AMK)

05:00UT). TheB,, B,, B components in GSM coordinates and and Narsarsuaq (NAQ) stations were closest to the auroral
Brota: cOMponent are shown from Cluster 4 (Tango). Dashed bulge formed during the substorm and in the vicinity of the

lines indicate enhancements from the WIC(FUV) data andisoli ~auroral streamers.
lines represent expansion phase onset from the same data. The B, (northward) components recorded by the Greenland

magnetometer stations Ammassalik and Narsarsuaq (Fig. 3)
show the first substorm expansion phase onset begins at
2.1.3. Ground Magnetometers 01:15UT, as indicated by the formation of a negative bay. The

The magnetometers of the CANOPUS [13], IMAGE [16] B, component at both stations shows an increase followed
and Greenland (e.g. [9]) chains pass through the night seShortly after by a drop to below OnT. The interval between the
tor during the 5hr interval. Thé, (northward) components maximais 4-5mins, with a similar time for the interval betme
of the magnetometers give an indication of substorm reIateEﬂe minima. We note that the field feature at AMK has a form
electrojet activity over the various chains at differemigs.  (hatis more like a sawtooth than the field at NAQ. The(ra-
The Sodankyla (SOD) station of the IMAGE chain shows gdially mwa_rds) components show minima that coincide with
magnetic bay of 400nT (Fig. 2) occurring in conjunction with the peaks in theé, components at each station, however the
the first substorm expansion phase onset as seen in the INparsarsuag station S.hOW.S a further drop in the field thats co
AGE WIC(FUV) data. The Scoresbysund (SCO) station in thdn¢ident with the minima in thé3, component.

Greenland East chain shows three_ negative bay_s i_n the fi_eId %fz 2 Cluster
=00nT, 100nT and 500nT respectively that begin in conjunc- At Cluster, the total field (Fig. 4 panel 6) begins to drop from

t!on with the respective substorm_s. The Narsarsuaq _(NA@) st 30nT at 01:15UT, dominated by the drop in the component
tion of the Greenland West chain measures negative bays Igig. 4 panel 3). ,The field remains in decline until 01:27UT,

200nT, and 150nT in association with the first enhanceme t which point the field begins to increase towards the Tsy-

and the first substorm respectively. The Gillam (GILL) stati ganenko [15] model field level, indicated by the dashed line.

of the CANOPUS chain shows a 400nT negative bay in cons i . ;
junction with the second substorm and a 300nT negative b Between 01:24UT and 01:26.30UT ti#% component (Fig. 4

X i a¥anel 5) increases by 5nT and tle component shows de-
starting 75mins before the last substorm. viation away from its decline by 10nT, with both components
o showing a brief spike back to the expected level at 01:26UT.
2.2. Substorm 1: Post-midnight sector substorm Between 01:26.30UT and 01:27.30UT all of the field compon-
2.2.1. Ground Magnetometers ents changed direction and the angle of the field in the XZ

Previous work [2] has demonstrated that the passage qflane (Fig. 4 panel 7) rotated through over 180°before fapid
auroral streamers over ground magnetometer arrays relatesturning to it's previous direction.
to specific magnetic signatures; a minimum i), and a The Cluster lon Spectrometer CODIF instrument on Cluster
4 shows that the density (Fig. 4 panel 2) throughout varies
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Fig. 3. Ground magnetometer data from 25th August, 2003
(01:10UT-01:40UT). TheB, (northward),B, (westward) and
B. (radially inward) component ares shown from Ammassalik
(top line) and Narsarsuaq (bottom line) of the Greenland Bad
West chains respectively.

about 0.25cm3. There are drops in the density to approxim- 530 E
ately 0.1cnt? that coincide with the increases in tig com- S0 :
ponents as seen in the FGM data. There are also decreases, Qy‘?‘ég - -

lasting approximately 1min, at 01:16UT and 01:17UT down 50
to 0.1cnm3 and 0.01cm?. This indicates that Cluster was in 01° 01" O0f° 01 Qf° 01 Qf©
the plasma sheet throughout the substorm although theee wer uT

times when Cluster was in an area of much lower plasma denws_—ig. 4. Cluster CIS and FGM data from 25th August, 2003

ity. (01:10UT-01:40UT) from Cluster 4 (Tango). The dynamic
2.2.3. SuperDARN pressure is shown (panel 1), along with total ion density sue=d

A map potential analysis [11] of the line of sight velocit- £Y the CISd_instrumer;]t;and thB.., By, B- componjngs iﬂ
ies measured by the northern hemisphere SuperDARN radafz>M coor mz;tez anh goltf” c.orglponenthmeasure ykt e FSmM
provides the global ionospheric flows during the substornjnStrument. The dashed line indicates the Tsyganenko [Xi]

(Fig. 5). From 01:18UT to 01:30UT, there is a diversion of thefield level
flow in the O1MLT sector that moves dawnwards and approXy, o midnight meridian at 01:22UT and then propagated west-

|matr(]aly 90|r;10|desTvr\:!th the au(;pratl for? as _seent In th? t‘?]oum\'/vards until it was absorbed into the background auroral oval
ern hemispheré. This may indicate a flow signature ot (n€ als, 1he 23MLT meridian. A second structure began near the
roral streamer for the northern hemisphere. Radar scatter f

h thern hemisoh K h th tOlMLT meridian and moved mostly dawnwards throughout
€ southern némisphere was very weak, Nence the map pol&iia jaryq), although its termination cannot be deterhiae

tial flows are dominated by the model flows and Consequent%urately due to its proximity to the field of view of the space-
are not used further. craft

2.2.4. IMAGE WIC(FUV)
At 01:18UT, IMAGE WIC(FUV) images show that an au- 3. Discussion
roral bulge had formed and extended through 5hrs of magnetic
local time and had a width of approximately 10°of magnetic We have shown data from a period of three substorm events,
latitude at its widest point. Prior to this, the auroral multpd ~ as identified by the IMAGE WIC(FUV) instrument, two of
expanded from an active auroral oval, althoughits intgisitt ~ which are seen by Cluster and all of which are seen in vari-
been constant. At this time, IMAGE WIC(FUV) shows that ous ground magnetometer chains. We shall now comment on
the bulge intensity increased considerably, indicatingssarm  the ionospheric and tail signatures from the first event.
expansion phase onset. The bulge then expanded polewardsAuroral images of the southern auroral oval from the IM-
reaching a maximum poleward excursion at 01:42UT, wherRGE WIC(FUV) show that during the substorm expansion
the majority of the poleward edge of the bulge had reache@hase there was significant structure within the aurorajéaul
-87°(magnetic latitude). These structures have a north-south form and can be inter-
From 01:20UT (Fig. 6), there are structured areas of enpreted as being auroral streamers. Their presence in tiie nor
hanced intensity within the auroral bulge. These enhanntsne cannot be directly observed due to the positions of the vari-
stretch across approximately 7°of magnetic latitude ofalve ~ Ous auroral imaging spacecraft and all-sky camera dataybein
roral bulge and lie approximately along the lines of magneti limited by the northern hemisphere summer. Using the Super-
longitude. One structure began in the 23MLT sector, moved t&?ARN radars of the northern hemisphere and comparing this
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to the IMAGE WIC(FUV) data, we are able to infer flow sig- 4. Conclusion

natures that indicate that auroral streamers are presé¢héin
northern hemisphere and move dawnwards over the Greenlarrqua?sit:”fkronr?a”\g'sg Eg??ﬁé{ggf?ﬁ:?&i&:&d tf:(;a gma-tion
magnetometer chain during the substorm. 9 propag

. . L f an auroral streamer during the substorm expansion phase
Intervals of lower ion density, stronger magnetic fields an

. i \ etween 01:15UT and 01:45UT on the 25th August, 2003.
constant plasma pressure in the magnetotail are the smgsatu Using the Tsyganenko T96 model, the footprint of Cluster 4

of an under-populated flux tubes ([14] and references thgrei Tango) is mapped to the ionosphere in the vicinity, but dawn

During the substorm expansion phase, the plasma ion pregs, s ‘of Ammassalik. In the Cluster FGM and CIS data, the

sure is domir_lated by the ion der_1$ity and hence the drops.i ignature of a dawnward moving under-populated flux tube can
plasma density represent drops in plasma pressure. At 01:

there | ianificant droo in ol densit g seen shortly after the streamer’s passage in the iondsphe
there IS a signimcant drop in plasma density and a Corresponyai, These observations match the prediction of Amm et al.
ing increase inB, at Cluster. The plasma pressure (Fig. 4

[2] that the current system within the auroral streamersd, an

panel 1) shows little variation during this time. This inalies  \oh 06 the streamers themselves, are the ionospheric stanife
that Cluster detected an under-populated flux tube, or pﬂasmation of under-populated flux tubes

g‘fbble' Furthermfc:re, compar_indg_ the FSM gatg f[r)ci)arr t.h? four Data from Cluster indicates that shortly after the passége o
uster spacecraft seems to indicate that the bubble islirav o\, ger.populated flux tube there is a further structure ob

ling in a dawnwards d”_ec“c,’”- served and that this structure has a low magnetic field that ro
The ground magnetic signature of auroral streamers hagtes through-180°as the structure passes over the spacecraft.
been described [2] as a sawtooth-liks component and a anpalysis of the 4s-resolution FGM data shows that the struc-
minimum in theB. component coinciding with the maximum e js initially moving Earthwards, then moves tailwardée
in B,. The signatures seen in the ground magnetometers atg,qqest that this structure is a plasmoid or flux rope, buthiea
similar to this description, although not as well definedw-o  \yhole of the structure is not seen by Cluster. We also suggest
ever, coupling this with the southern hemisphere aurori@,da that this structure is independent of the under-populated fl
which shows definite structures in the southern auroraléqulg e, given that this structure is seen to pass Cluster tathE

itis reasonable to conclude that there were similar noothtts  \yards and tailwards, whereas the under-populated flux &ibe i
auroral forms in the northern hemisphere. seen only to move Earthwards.
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Fig. 5. SuperDARN map potential models from 25th August, 2003 (OWTE01:40UT). Flows in the post-midnight sector appear to

divert around a feature that moves dawnwards.

data.

This coiscidéh the auroral streamer in the southern hemisphere IMAAE(FUV)
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Fig. 6. IMAGE WIC(FUV) data mapped to magnetic coordinates. Tiraggis above each image indicate the time of the IMAGE
WIC(FUV) image. Contours from the SuperDARN map potentialdel are also shown.The black star represents the footpfi@iuster
4 using the Tsyganenko model [15]. The filled circles represlee locations ground magnetometers discussed.
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