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EL — a possible indicator to monitor the magnetic
field stretching at global scale during substorm
expansive phase: case study

M. Meurant, C. Blockx, E. Spanswick, E.F. Donovan, B. Hubert , J.-C. Gérard, T.S.
Trondsen, and M. Connors

Abstract: The lon Isotropy Boundary (IB) is known to correlate wellthvihe magnetic field inclination at geosynchronous
orbit around 00 MLT and therefore provides a way to monit@ thagnetotail stretching. Several ways to identify IB

have been developed in the literature. Basedrositu spacecraft data, Sergeev and Gvozdevsky [12] have defined

the IB position using NOAA data and Newell et al. [10] definedamparable boundary (the b2i boundary) based on
Defense Meteorological Satellite Program (DMSP) datanftiee ground, Donovan et al. [3] used Meridian Scanning
Photometers (MSP) to determine the "optical b2i” and Jagadhan et al. [6] demonstrated the coincidence of the b2i
and the equatorward boundary of the SuperDARN evening is&ctegion scatter. To complement these methods, an

IB determination on a wide range of Magnetic Local Time (MWWith a high temporal resolution is useful. To do this,
Trondsen et al. [13] use IMAGE-FUV-SI12 imager to monitor BB simultaneous comparison with MSP data during a 7
day period. Recently, Blockx et al., [1] have shown the poatof SI112 data for monitoring the magnetotail stretching
during quiet periods. In this study, we focus our attentiontlee ability of SI12 to provide information on tail stretobi
during active periods and more specifically during the sarstexpansive phase. Because of the dynamic character of
expansive phases and mechanisms acting between the plaancassand ionosphere during this phase, deduceing IB
position from auroral optical data is likely impossible.drder to avoid confusion between the physical meaning of IB
and its role as a stretching indicator, we validate a stiegctetermination method using the EL indicator (deterrdibg

the Donovan'’s algorithm applied on SI12 data) instead ofA&. this validation, we use more than 250 isolated substorms
observed by IMAGE-SI12 between 2000 and 2002. Simultaneoagparison with GOES-8 and DMSP data allows us to
estimate how strong is the relation between the EL positieiuded from SI12 and the magnetic field stretching. Time
evolutions of the EL position are also presented for difiedecal times during individual events.
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1. Introduction Several ways to identify the IB have been developed in the
The ion Isotropy Boundary (IB) is known to correlate well literature. Based on data obtaine_d by_the NOAA spacecraft,
with the magnetic field inclination at geosynchronous orbi Sergeev and quzd_evsky [12] defined it as the location where
d the 00 MLT sector. and therefore provide a wa ttthe ratio of precipitating to trapped flux dropped below 1 whe
aroun e ’ provi wWay Ghe spacecraft moves equatorward. Using DMSP measurements

mo?itor thhg g]agnetoiai![hstretching.f'[rflle IB is atfieldh-align(ra] Newell et al. [10] defined the b2i boundary as the position of
surtace which separate the region ol tne magnetospnerewnel, o maximum total ion energy flux recorded by the satellite

protons bounce between mirror points (adiabatic behasiu) when it crosses the auroral oval. Newell et al. [11] showed a

the region where the pitch angle scattering is effectiveugho close association between the 1B of 30 keV protons detected
to keep the down-going loss cone full (non-adiabatic behay i, '\ oaA satellites and the b2i boundary. Based on MSP
vior) [12]. The latitude of this boundary depends on the eny, .o rements, Donovan et al. [3] developed an algorithm to
fr:g);]pfhthet parucl_es, ch:'th the Iowﬁr ![at'tt#dzs ?S.?.Oc'atﬁ?swt infer the b2i from latitudinal i (486.1 nm) profiles and demon-
€ highest energies. Lonsequently to the denlnition oS, L qtrated a strong correlation between the b2i boundary dsd th
main fraction of ion precipitations occurs poleward of the | . ;2| 150 The ability of the SI12 imager onboard the IM-
and esse”t"’?‘”y no precipitation exists eq_uatorward ofhe AGE spacecraft to monitor magnetospheric stretching wgs su
(corresponding to the adiabatic motion of ions). gested by Trondsen et al. [13]. Using Donovan'’s algorithm ap
: plied on 916 boundary determinations obtained simultasigou
Received 15 May 2006. by MSP and the SI12 imager, they find a correlation coeffi-
M. Meurant, E. Spanswick, E.F. Donovan, and T.S. Trondsen. cient of 0.65 suggesting a reasonably well correlated d#ta s

Institute for Space Research, University of Calgary, 250@v&t- This resqlt opens the possibility of monitoring the_ b2i &0
sity Drive NW, Calgary, AB T2N 1N4, Canada. all local times at the cadence of the IMAGE data, i.e. one im-

C. Blockx, B. Hubert, and J.-C. Gérard. Laboratoire de physique age every two minutes. The ability of SI12 to monitor the mag-
atmosphrique et plantaire, Universit de Lige, 17 Alle duAot, netospheric stretching was recently confirmed by Blockx.et a

4000 Lige, Belgium. [1] during quiet periods. Instead to propose an IB determin-
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T6G OR9, Canada. and MLAT-MAX-SI12 (the maximum intensity of SI12 at each
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local time and its magnetic latitude respectively) as aticind events” and defined them as an event separate from the previ-
ator of the stretching rate. They present the relation bettwe ous and the next one by at least two hours. The procedure of
the IB determined by NOAA and DMSP and the latitude of data selection is extensively developed in Meurant et &l. [9
the maximum proton precipitation observed by SI12. Thedink Restrictions applied to the initial list decrease the nundjfe
between SI12 data (MAX-SI12 and MLAT-MAX-SI12) and events from 2437 to 262 events.
the magnetic field distortion was established by comparison The equatorial limit (EL) is deduced from Sl12 data using
GOES-8 data. Donovan'’s algorithm. The process starts with the subtracti
These different waysif situ - NOAA and DMSP - ground  of the small background present in SI12 data [5]. In a second
based - MSP - and remote sensing - SI12 - measurements) éep, Donovan’s algorithm is applied and consists of a ganss
determine the IB have their own positive and negative aspectfit of the longitudinal profile and a determination of the lirai
In situ spacecraft provide a high spatial resolution of the 1B1.4¢ equatorward of the gaussian fit's maximum. More details
identification at each transit across the oval, i.e. usuaiti concerning the method are provided in [9].
a period of roughly one hour. This time scale is relevant to
study certain processes such as magnetic storms but tao larg
for monitoring the tail stretching during minutes aroun¢su 2002 048 06 21 S1 12 Counts
storm onset, even if the oval is crossed around the onset me-
ridian, which may not necessarily happen. The high spagl! r
olution allows however an understanding of injection mecha
isms thanks to spectrometric measurements. The MSP allows
a continuous monitoring using multiple magnetic local tme _
but is subsect to the variation of the atmospheric optidakth g
ness. Finally, monitoring by a remote sensing camera, as theé
S112 imager, provides a global covering of the entire aurora E 0
region with an appropriate time resolution and with a spatia ——
resolution of 100 km. All these types of measurements are =5
complementary to combine global view and high spatial and 20 21 22 23 00 01 02 03 04
time resolution. MLT
During active periods like substorm expansive phase, dif-
ferent mechanisms at the origin of particle precipitatiotoi  Fig. 1. SI12 data displayed in keogram (2002 048 at 0621UT, i.e.
the ionosphere play a more important role than during quiet minutes after onset). The solid line represents the ELtiposi
periods. These different mechanisms may be fresh particlegetermined by the Donovan’s algorithm. The grey scale s=ms
with isotropic pitch angle distribution, electric fielddfdsing  the intensity recorded by the SI12 instrument for the MLTAIL
particles into the loss cone or a magnetic reconfiguratiun [8 location.
Because of the more important role of these possible mechan-
isms of precipitation during substorms, we cannot claim tha
the limit deduced from optical data also separates the megio > GOES-8
where protons have an adiabatic motion from the region wher%' ) o
protons present a non-adiabatic motion due to the pitcheangl The GOES-8 satellite is a geosynchronous spacecraft-It car
scattering caused by the field line stretching. In order tichv 'i€S & magnetometer providing continuous measurements of
confusion about the physical meaning of the limit, we will the Earth’s magnetic field. These magnetic data are used to
consider the Equatorial Limit (EL) instead of the IB. In this Monitor the magnetic field stretching via the elevation angl
study, we determine if the time evolution of the EL during the This elevation angle is deduced from Bthe magnetic field
substorm expansive phase may be an indicator of magnetot&prallel to the satellite-Earth center line and pointstesard)
stretching and we present the evolution of EL during thrée su @nd B, (the magnetic field parallel to the satellite spin axis,
storms to illustrate the possibilities of EL as a stretchimtjc- ~ Perpendicular to the satellite’s orbital plane) with thiatien

ator. E; = arctan(B,/Be)
2 Data 2.3. DMSP

Spectrograms recorded by the SSJ/4 detectors on board the
2.1. IMAGE DMSP spacecraft make it possible to identify several bound-

The FUV instrument [7] onboard the IMAGE satellite [2] aries like the b2i boundary, which is a good proxy of the 1B
provides three simultaneous snapshot with approximaltely t [11]. As developed in [9], in order to evaluate the differenc
same field of view of the auroral region with a 2 min time res-petween the EL position determined with SI12 data and b2i
olution. The SI12 camera is sensitive to the Doppler-shifte yositions determined by DMSP crossing, we have selected 304
Lyman- auroral emission and prowdes images of the entirgypsp crossings in the 20 - 04 MLT sector in the -90 min to
polar cap. The two other snapshots image the pattern of eleGg9o min period around onset. Each of these crossings previde
tron induced emissions in the 140 - 180 nm band (WIC) angne MLAT and MLT of each b2i determination. Because of the

ina 5-nm region centered on the Ol line at 135.6 nm (SI13)pMSP orbit configuration, all these 304 crossing are confined
Substorm events used for this study are selected on the basisthe 20 - 21.6 MLT sector.

of the list given by Frey et al.[4]. We only consider "isoldte
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3. Validation Typically, the b2i boundary is located1°® poleward of the EL

. . iti 9 [ ithin a +/-°1i
In order to evaluate how strong is the relation between th(%)osmon and about 72% of the points are within a +/-=lir

position of EL and the magnetospheric stretching, we pttesenerval'
here two comparisons. For the first comparison, we use simul-
taneous measurements obtained from GOES-8 and SI12. Fig-
ure 2a represents the pattern of the 1313 simultaneous meas-
urements. In order to make it easier to read, Figure 2b re-
produces the cloud of Figure 2a by squares representing the
mean value of each two degree bins and bars indicating a one
sigma deviation. The linear regression using the entirgpgam

is represented by the thick solid line and could be compared
to results provided by [12] (thin solid line) and the methed d
veloped in [1] applied to our sample (dashed line). A shift of
one degree between [12] and [1] was already discussed in [1].
However, we observe a larger shift {Rdue to a larger width

of the oval than during quiet periods investigated in [1]e$é
results are also very close to those obtained by Sergeev and 62
Gvozdevsky [12], both for absolute values and the slope. I
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Fig. 3. Scatter plot of b2i obtained by DMSP and EL deduced
from SI12 data at the DMSP MLT.

EL-SI12 MLAT

These comparisons indicate that the EL position is depend-
ent on the talil stretching and consistent with previousistud
[12] [1]. Based on this indicator, Meurant et al. [9] deserib
the statistical pattern of the time evolution of the EL piosit
during the expansive phase. For this study, we will congtuer
case study aspect by the description of three individuasas

4. Case Study

4.1. First case

The first substorm studied in this paper occured on Septem-
ber 29, 2001, and the onset was observed at 0854UT. The po-
sition of the EL deduced from SI12 data are plotted in Figure
4a and elevation angles at the same time and at the same MLT
GOES 8 Elevation Angle deduced from GOES-8 data are plotted in Figure 4b. The on-
set was observed at 01.05 MLT, i.e. roughly 3 MLT duskward
of the GOES-8 position at onset time. The dipolarisation-con
secutive to onset is observed by GOES-& minutes after
the onset identification by IMAGE/FUV. By comparison, the
EL position starts a poleward motioh 8 minutes after the
onset identification. This time delay of three minutes can be
interpreted as the reaction time between the modification of
the magnetic field topology and the consequences on the iono-
spheric precipitations.

EL-SI12 MLAT

Fig. 2. a) Scatter plot of 1313 elevation angles deduced from
GOES-8 measurements in the 21-03 MLT sector vs the magnetic
latitude of EL deduced from SI12 data at the same MLT. These
measurements are recorded by GOES-8 during the 20 minutes
following the onset. Squares represent the mean value of the
MLAT of EL for bins of an arbitrary width of two degree of

the elevation angle. b) The average values obtained with two
degree bins are reproduced for the comparison with errar bar
representing ad deviation. The solid line represents the linear
regression of the entire sample presented in a). For cosguari

the solid-dashed line represents the regression obtam§t?] 4.2. ,Second Case . )
and the dashed line was obtained by the method developed in [1 _TNiS second substorm occurred on April 02, 2002 at 05:06

and applied to our data set. UT (Figure 5). The GOES-S_spacecral_‘t was_loc_atea hours
dawnward of the onset position. The dipolarisation is obegr
ined by the DMSP spacecratft. This boundary is considered a&sharp increase of the elevation angle. The correspondlag p
a good proxy of IB and therefore as a good indicator of thevard motion of the EL position is observed2 minutes after
tail stretching. Figure 3 represents the comparison of Ed anthe magnetic field reconfiguration. The evolution of the EL po
b2i positions obtained at the same location and the same timé&ition doesn’t present the sharp variation of the GOES-8.dat

(©2006 ICS-8 Canada
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Fig. 4. a) EL position deduced from SI12 data at different MLT
or UT during the event of Sept. 29, 2001. Dotted line is for rea
positions of EL and the solid line for a polynomial fit based on
the dotted line. The vertical dashed line represent the tifnide
onset (08:54 UT) observation at the MLT indicated in panel b)
b) MLT / time evolution of the elevation angle deduced from
GOES-8 measurements.
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Fig. 5. Same caption as Figure 4 for the Apr. 02, 2002 event.
Onset is observed at 05:06 UT.

4.3. Third case
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Fig. 6. Same caption as Figure 4 for the June 13, 2002 event.
Onset is observed at 03:03 UT.

a topology and its observation is impossible, the most con-
venient ways are modelling and deduction from availabla.dat
Data obtained in the auroral region are very interestingn{o i
vestigate for this purpose since auroral precipitatioesthe
reflect of magnetospheric processes. In this study, we asldre
the question of the monitoring of the magnetospheric diretc
ing by using optical data recorded by IMAGE/FUV/SI12 in
which we apply Donovan'’s algorithm. These data are relevant
for this purpose since they cover large regions and theylare o
tained at the rate of one image each two minutes. Donovan’s
algorithm was initially developed to infer a proxy of the 4so
tropic Boundary. However, we have no evidence allowing to
say that the boundary provided by this algorithm duringvacti
periods is the footprint of the surface separating the mtagne
spheric region where proton presents an adiabatic motithreto
region where their motion is non-adiabatic. For this regiod
because the IB is typically located close to the oval's eguat
ward boundary, we consider the Equatorial Limit (EL) in this
study.

By comparison with GOES-8 data for 1313 simultaneous
measurements during the 20 minutes following onset, the EL
position presents a dependence close to those observed] in [1
for the isotropic boundary. This relation between the ELipos
tion and the magnetic field stretching is confirmed by the com-
parison with b2i boundaries determined by the DMSP space-

The third substorm occurred on June 13, 2002 at 03:03 UTraft. It appears that the EL is located one degree equatdrwa
(Figure 6). The GOES-8 spacecraft was located less than df the equivalent b2i boundary.

MLT dawnward to the onset position (0.82 MLT). A slight In the second part of this study, we apply Donovan’s al-
stretching is observed in GOES-8 data before the dipolarisagorithm to data obtained during three substorms events and
tion. The dipolarisation is observed 6 minutes after theebns compare the results to elevation angles deduced from GOES-8
identification and presents a very sharp increase of theelevdata. These comparisons show that the trend of GOES-8 ob-
tion angle. By comparison, the evolution of the EL positibn a servations are reproduced by the time evolution of the EL po-
the GOES-8 MLT is more smooth than the GOES-8 observasition. These similarities give us confidence on the abtlity
tions but presents the same trends. monitor magnetotail stretching thanks to Donovan'’s altomi
applied to optical global scale data such as SI12 data. Point
. . . ing problems affecting SI112 data make the polynomial fit ne-
5. Discussion and conclusion cessary. This step affects the time resolution of inforomati

The determination of the magnetic field reconfiguration durrovided by the EL position. Beyond this technical problem,
ing substorm expansive phase is very challenging because Bf- appears to be an interesting indicator of the magneto&phe
the large scale of the volume of interest and short periods oftretching, which opens the door to global surveying of dile t
time of these mechanisms. Since the direct observationodf su Strétching during active periods.
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