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Abstract. We study the isolated substorm that occurred afterspheric physics (auroral phenomena; plasma sheet)
a long quiet period, which showed all of the substorm sig-
natures except for the first half hour of the expansion phase,

which could be characterized as a pseudobreakup sequencg, |ntroduction

rather than a full-scale substorm onset. During the consid-

ered event, the substorm’s instability leads to a current disA typical substorm consists of a growth phase, multiple on-
ruption, which starts at the near-Earth plasma sheet and thesets forming the expansive phase, and a poleward leap (e.g.
propagates tailward. Based on auroral observations, the analMcPherron et al., 1973; Pytte et al., 1976, 1978; Hones,
ysis of geosynchronous plasma injections, and the plasma979; Rostoker et al., 1980). The ground-based and mag-
sheet observations atl5 R at the meridian of auroral sub- netospheric signatures of these phases are:

storm development we show that (1) before and probably e Quiet auroral arcs move towards the equator during the
during “pseudobreakup phase”, the plasma sheet stayed colgtowth phase; the auroral breakups, occurring at different
and dense, (2) during the pseudobreakup phase, particle inengitudes and latitudes, form the multiple onsets, and a
jections at 6.6Rr were only seen in unusually low energy strong poleward expansion in a wide longitudinal sector oc-
components, and (3) the electron precipitation into the iono-curs during the poleward leap phase;

sphere was very soft. We conclude that the basic differ- o Sharp negative magnetic bays, and Pi2 and PiB pulsa-
ence between pseudobreakups and “real” substorm activaions occur in the auroral zone during the expansive phase,
tions was found in the low energy of all manifestations. We and the disturbance shifts to higher latitudes during the pole-
suggest that high density and low electron temperature irward leap;

the plasma sheet are the reasons for low energization in the o In the mid-tail (15-20Rg), the impulsive plasma sheet
magnetic reconnection operated on closed field lines in thehinning is associated with the expansive phase onset, and the
plasma sheet, as well as the weak field-aligned acceleratiorplasma sheet expansion is associated with the poleward leap
as predicted by the Knight's relationship. The low Hall con- of the auroras;

ductivity could then be the reason for the weak ground mag- e During a geosynchronous orbit, energetic particle injec-
netic effects observed. This explanation suggests that the rolgons and magnetic field dipolarizations are observed at the
of the ionospheric conductivity is “passive” as the plasmaexpansive phase onset and during substorm activations.
sheet, rather than the ionosphere, controls the development The most spectacular auroral signature of the substorm
of the magnetospheric instability. is the auroral breakup which is a strong brightening of the
pre-exiting homogeneous auroral arc, which breaks into sep-
arate rays and fragments. Another class of disturbances, the
Correspondence toA. G. Yahnin “pseudobreakups”, is also frequent in the auroral zone. Aka-
(yahnin@pgi.kolasc.net.ru) sofu (1964) used this term to distinguish those auroral arc
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p AL 7o - This paper is devoted to the further investigation of pseu-

/ / [ m{% \ i Y dobreakup and substorm similarities and differences. The
4/ // vom ; ﬁ 4 \\ study is based on the large set of ground-based and satel-
) - ; Jm,,'.l \ o lite observations, which allows one to probe the plasma sheet

/ \\\1\“__,'_ 1#_/,‘?/” \ population in two regions (at geosynchronous orbit and mid-
24UT z,fl’,UT qaaﬁ_'ZfPT \ ‘ tail), as well as to estimate the characteristics of the electron

= | Interball/TAIL flux precipitating into the ionosphere. In Sect. 2, we give a

general description of the observations on the ground and in

Field of vi :
- / o}eTvi..“E.Z”y Camera the magnetosphere during the pseudobreakup/substorm event
o~ at Porojarvi on 16 November 1995. Sections 3 and 4 present the data in

detail. In Sect. 5, we discuss the obtained results, and in
Sect. 6, the summary and conclusions are given.

2 Observations

A very isolated substorm (it had been preceded by several
hours of geomagnetic calmness) occurred at 22-24 UT on
16 November 1995. At that time, the ground-based observa-
tional campaign related to the Interball satellite mission was
in progress. A general description of the geophysical situa-
tion during this substorm has been published by Sergeev et
al. (1996a, 1999).

Fig. 1. Map presenting the ground IMAGE network and field-of-  During this substorm, the Interball-1 satellite made

view of the auroral TV camera in Porojarvi (GLat. =69.17, GLong. the measurements in the nightside magnetosph&re=(
=21.47). Trace of the INTERBALL-1 footprint during the interval  _150R;, ¥ = —3.7Rg,Z = —1.8Rg) in the lon-

22-24 UT on 16 November 1995 is also shown. Mapping has beenyiydinal sector of the intense ground-based observations
done using the model by Tsyganenko (TE®,= 1). (Fig. 1). In this study, we present observations by CORALL,
ELECTRON, DOK-2 and MIF-M experiments onboard the
Interball-1 spacecraft. CORALL is the nearly-hemispheric
flares, which did not follow the auroral expansion and wereg|ectrostatic analyzer which measured the ions with ener-
not associated with significant magnetic disturbances. TOdaljies 0.3-24 keV/q (Yermolaev et al., 1997). ELECTRON
this term is often used in that sense as well (e.g. Pulkkinen(Sauvaud et al., 1997) is a “top-hat” quadri-spherical elec-
1996). Typically, pseudobreakups are localized (McPherronyon spectrometer that uses the microchannel plates to mea-
1991; Nakamura et al., 1994), but Koskinen et al. (1993)gyre the electrons with energies ranging from 0.01 to 26 keV.
presented an example of a longitudinally extended event. The DOK-2 spectrometer (Lutsenko et al., 1998) measures
The question disputed is: Do pseudobreakups differ fromthe energy spectra of electrons and ions using four telescopes
the substorm breakups in their physical mechanism? Al-with solid-state silicon detectors. The energy ranges are: 20—
though the above mentioned differences between pseud@50 keV for ions and 25-400 keV for electrons. Fluxgate
breakups and “real” breakups are sometimes strongly promagnetometer MIF-M provides three component measure-
nounced, the similarity of ground-based signatures was alsenents of the magnetic field (Klimov et al., 1997).
noted. Yahnin et al. (1984) noted that even during very lo-  Four LANL geosynchronous satellites 1990-095, 1987—
calized auroral activations, the sensitive magnetometers werg97, 1991-080, and 1994-084 monitored the charged parti-
able to register weak Pi2 pulsations. The PiB and Pi2 pul-cles at 19.5, 22.0, 02.6, and 04.9 MLT (the MLT is given for
sations were found during the pseudobreakup events stud2 UT). They (except the satellite 1987-097) were equipped
ied, for example, by Koskinen et al. (1993) and Aikio et al. with two sets of sensors: the MPA instrument (Bame et al.,
(1999). 1993; McComas et al., 1993) measured particles from some
Sergeev et al. (1986) postulated that localized auroral areV up to 40 keV, and the SOPA instrument (Belian et al.,
flares with a low repetition rate are pseudobreakups (theyl992) measured particles with energies more than 50 keV
do not produce a significant magnetic effect and occur dur{unfortunately, the SOPA energetic proton data were unavail-
ing calm or growth phase conditions), but the flares groupedable for this case at satellite 1990-095). The satellite 1987—
into the sequence with a repetition rate of one per 1-3 min-097 carried the CPA instrument measuring #&0 keV elec-
utes form the “real substorm” activations. It was suggestedrons and>80 keV protons (Higbie et al., 1978).
(e.g. Koskinen et al., 1993, Ohtani et al., 1993) that the iono- The ground network used consisted of IMAGE magne-
sphere plays an important role, and the formation of the autometers (Viljanen and Hakkinen, 1997), a Finnish chain of
roral bulge and the ground magnetic effects depends on iongpulsation magnetometers, four auroral TV all-sky cameras
spheric conductivity. of Polar Geophysical Institute (PGI), which were situated
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of Porojarvi 18 November 1995

Zenith angle
=

I Ere . ' >
2300 |Pseudo-breakup phase!

uTt

Fig. 2. Keogram of auroras observed from Porojarvi. The interval 2307-2336 UT when a series of auroral activations without strong
poleward expansions has been observed is marked as “pseudobreakup phase”.

in Scandinavia (Kiruna, Kilpisjarvi, Porojarvi) and on Kola 4 630.0 nm

Peninsula (Lovozero), and the four-channel meridian scan 1 200km 457 B i
ning photometer of PGI operated in Kiruna. : ]
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Using ground-based magnetic data, Sergeev et al. (1996: —%&M

1999) concluded that the growth phase of this substormstar T T T r T T T T T T T T T T T T 7T
ted at around 2220 UT. At that time, a Sl-like disturbance g
in the ground magnetic field had been registered. Simulta- 5
neously, the polar cap index (PC-index) characterizing the g
intensity of convection started to increase. Such an increas £
is usually associated with the southward turning of the in-  , _
terplanetary magnetic field (this could not be confirmed by - 50 km
the IMF data because they were fragmentary for the time of 2 —
interest).

The aurora dynamics is illustrated by Fig. 2, which present:
a keogram of the auroral TV camera in Porojarvi. The quiet .
auroral arc moving to the south was registered from 222C , _|
UT until 2307 UT, when the first auroral activation occurred. -
Between 2307 and 2336 UT, several auroral activationswerc 0 —f—T 1t rrr | rr T T T T T 7171
seen, but they were not followed by any strong and fast pole: 22 23 24 01 02
ward expansion. Such an expansion took place only afte. o
2336-37 UT, when a new arc appeared poleward of the pre-

existing auroras and formed the WTS-like structure west-'9- 3 Intensity of emissions 427.8 and 630.0 nm obtained by the
> - meridian scanning photometer in Kiruna. The emission variations
ward of the meridian of Porojarvi.

- . . . are shown at different distances from Kiruna, assuming the altitude
The data of the scanning photometer in Kiruna (Fig. 3) of juminosity as 100 and 180 km for emission 427.8 nm and 630.0
show the intensity of the 427.8 and 630.0 nm emissions; hergm, respectively.

the altitude for the emissions 427.8 and 630.0 nm was taken
to be 100 and 180 km, respectively. Before 2307 UT, smooth

variations of the luminosity were due to the southward drift i L - )
of the quiet auroral arc. Sharp spikes accompanied the aRf the electrojet. Magnetic field variations exceeding00

roral flares after 2307 UT. It is clear from Fig. 3 that the NT Started only after 2336 UT, simultaneously with the pole-
averagediz77/ Is30o ratio, which depends on the hardness ward leap qf the glectrOJe_t. A'F the same time, a magnetic bay
of the energetic spectrum of precipitating electrons, is les$!€veloped in a wide longitudinal sector, as evidenced by the
for the time interval 2307—2336 UT than for the time after Magnetograms from the Siberian and Iceland stations (data
2336 UT. As seen from the IMAGE data (Fig. 4), before NOt shown).

2307 UT, a weak westward electrojet developed over Scandi- Auroral activations were accompanied by several clear PiB
navia. Between 2307 and 2336 UT, weak fluctuations associbursts starting at 2307 UT (Fig. 5). The strongest bursts were
ated with the auroral activations disturbed a smooth increaseetected after 2336 UT, although the intensity of the pulsa-

T T 177 ' T T 17T f T 1T 17T l T 17T 17T |
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—_ e .  — NUR
used). A sharp decrease in particle energy and an increase
N I N e in the B,-component of the magnetic field, up to some 40
2 23 00 01 02 nT, had been detected around 2307 UT, which is in agree-

Howr (UT) ment with the first auroral and PiB activations. Such be-
haviour of the plasma and magnetic field is expected dur-
Flg 4, Magnetograms of the IMAGE stations. Vertical lines mark |ng the p|asma sheet th|nn|ng Energetic partide fluxes mea-
the interval 2307-2336 UT. sured by the DOK-2 instrument also dropped sharply around
2307 UT (Fig. 7). One more severe plasma sheet depletion
. . . . . (which we also could interpret as plasma sheet thinning) oc-
tions in the bursts did not differ dramatically. curred at 2337 UT, when the plasma sheet disappeared at the

There was no riometer absorption registered at the F'nn'srllnterball-l location. During this thinning the magnetic field

riometer meridional chain, except for a weak absorption bay . . :
during the last 15 minutes of the day (J. Manninen, Sodankyl magnitude decreased. During most of the time between 2307

Geophysical Observatory, private communication) %nd 2337 UT, the satellite was in the outer part of the plasma
’ ' sheet rather than in the plasma sheet boundary layer (PSBL).

In this region, characterized iy = 0.1 — 0.2 (see Fig. 8),

no typical PSBL fast plasma flows were detected, and both

density and temperature changed smoothly (data not shown).

4.1 Interball-1 Around 2342 UT, a sharp increase of particle flux occurred
simultaneously with a strong decrease in the magnetic field,
During the time interval of interest, the Interball-1 spacecraftindicating the plasma sheet expansion. The spacecraft en-
was in the mid-tail in the longitudinal sector of the auroral ac- tered the central plasma shegt£ 1), where the measured
tivations detected from the ground. Both low-energy particle€lectrons energized up tel0 times in comparison with those
instruments CORALL and ELECTRON registered a rather detected before 2307 UT (Fig. 6). In Fig. 7, the “streaming
cold (7, ~ 0.2-0.4 keV,T; ~ 1-2 keV) and densen(~ index” which is the ratio of the energetic proton flux stream-
1 cm3) plasma sheet populatiop (= Piermal Prmagnetic > ing Earthward to the energetic proton flux streaming tailward
1) before the substorm. These data, along with simultaneis also presented. The strongest plasma anisotropy was found
ous measurements onboard the Geotail spacecraft, are pubt 2337 UT (tailward flux dominate), and at 2342 UT, the
lished by Sergeev et al. (1999). The plasma density andluxes sharply changed their direction to Earthward.
temperature measured by Geotail in the central plasma sheet Both plasma and magnetic data with 2-minute averaging
at(X = —220,Y = 2.6, Z = —2.7) were almost the same were used to calculate the total (magnetic plus plasma) pres-
as the measured by Interball-1. sure at the Interball-1 position (Fig. 8). The square root of
Figure 6 shows the electron flux measured by the ELEC-the total pressure is proportional to the lobe magnetic field
TRON instrument along with magnetic field data obtained and the total plasma sheet current. A general increase in the
by MIF-M (here the data with time resolution 6fl s were  total pressure after2220 UT stopped at around 2307 UT.

4 Satellite data
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Interball-1 ELECTRON & MIF-M 16 Nov 1995
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Fig. 6. Combined ELECTRON and
MIF-M data from INTERBALL-1 for
interval 22-24 UT on 16 November

SWMW\W” - p«ww\/\fﬂ i 1995. From top to bottom: electron flux
W observed by the sunward looking detec-

Bz, nT

22:00 22:20 22:40 23:00 23:20 23:40 uT tor, total magnetic field magnitudsy,
-15.9 -15.1 -14.4 Xgsm By, and Bz-component of the mag-
3.9 3.8 3.7 Ygsm netic field. Vertical lines mark the in-
-1.3 -1.5 -1.8 Zgsm

terval 2307-2336 UT.

A strong reduction of the total pressure and tail current oc-time of dipolarization to be 2308:15 UT (Fig. 10b). Both es-

curred at 2336 UT. timates are close to the first pseudobreakup onset. Figure 10b
can also be used to locate the eastern edge of the dipolariza-
4.2 Geosynchronous satellites tion region at 2.5 MLT.

Injection of energetic electrons has been detected at geo-
The energetic particle data from four geosynchronous LANL synchronous orbit only after 2345 UT. However, before this
satellites are shown in Fig 9. Although the substorm-like time, the injection-like enhancements were observed in the
injections were absent, these data show some substorm si¢pw-energy component measured by the MPA instrument
natures. For instance, after the first auroral activation onsef(Figs. 11a and 11b). In the morning sector, 3—4 weak proton
the satellites 1991-080 and 1994-084 in the morning sectoenhancements were seen at the 1990-080 spacecraft between
observed the “Drifting Electron Hole” (DEH), which is are- 2320 and 2330 UT, in association with small energetic elec-
mote signature of magnetic field dipolarization westward oftron flux depletions detected by SOPA, which could be the
the satellite (Sergeev et al., 1992). The DEH at the sateldiamagnetic effect. As for electron enhancements, the first
lite 1991-080 has a very distinct dispersion that enables usne was very weak and, evidently, it was a low-energy coun-
to estimate the time of dipolarization onset to be 2309 UTterpart of the above-described DEH. Coexistence of such a
(Fig. 10a). Tracing back (in coordinates UT-MLT) the DEHs dispersed low-energy injection and a high-energy depletion
seen at different locations and different energies gives us thés an intrinsic feature of the DEH phenomena (Sergeev et al.,
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é Fig. 8. At the bottom: behaviour of the magnetic and plasma pres-
— 001 LRAARRA RN RR AR RN LA RN RRRRR LAY LA AR AR sure during the considered substorm. Crosses correspond to elec-

23 24 tron pressure, line with points to proton pressure, line with squares
uTt to magnetic pressure, and thick line is total pressure. At the top:

variations of the cross-tail current intensity and magnetic field in
Fig. 7. INTERBALL-1 energetic particle measurements during the the tail lobe deduced from total pressure. Vertical lines mark the
event. From top to bottom: fluxes of electrons with enef)y interval 2307—-2336 UT.
28-32, 44-53, and 79-98 keV, fluxes of protons with endfgy
22-29, 47-61, and 102-133 keV measured by the detector looking

sunward, fluxes of protons with energy= 21-28, 46-60, 102-133 ¢4 for the growth and expansion phases of an auroral sub-

keV measured by the detector looking tailward, and the “streamlngstorm This phase categorization agrees with the other ob-
index” of energetic protons. Vertical lines mark the interval 2307— . . .

2336 UT servations listed in Sects. 3 and 4. For example, the growth

' phase is confirmed by the increase in total pressure (tail cur-

rent) before 2307 UT. The onset of the expansion phase is

1992). Typically, the threshold between the DEH-related in-consistent with the signatures of the current disruption, the
jections and depletions lies in the range of the SOPA instruPPlasma sheet thinning at a distance~df5 Rz, and the DEH
ment (£ > 50 keV). This and some following enhancements Observation in the near-Earth magnetosphere, which suggests
were seen only at energiés< 10 keV. dipolarization. Such dipolarization in the near-Earth tail lo-
Westward from the substorm region, the satellites 1990-Cation, as well as the plasma sheet thinning in the mid-tail,
095 and 1987-097 detected very little changes in the en@'® basic substorm signatures (e.g. Hones, 1979; Lui, 1991).
ergetic particle data (Fig. 8). But the MPA instrument on- Plasmq sheet expansion in the mld—tall during the poleward
board 1990-095 detected a smooth increase in the flux of th§XPansion (leap) of the auroras is also a well-known phe-
plasma sheet protons (Fig. 11b). Some proton injection-likg’®menon (Pytte et al., 1978; Hones, 1979).
enhancements could be discerned in MPA data after 2330 However, the considered event differs from the typical sub-
UT; they were also accompanied by depletions in the enerstorm. The expansion phase onset as well as a few sub-
getic electron fluxes. sequent activations were not associated with the significant
ground magnetic field variations (Fig. 5) and the fast pole-
ward propagation of the auroras (Fig. 2). The first significant

5 Discussion (>100 nT) magnetic disturbance started after 2337 UT when
the new poleward arc appeared, thus starting the poleward
5.1 Pseudobreakup phase (2307-2336 UT) expansion. Thus, the initial multiple onset stage manifested

itself as a series of pseudobreakups. We call this interval
The timeline of the considered event is presented in Table 1a “pseudobreakup phase” in Table 1. The pseudobreakups
There is no doubt that the event is a substorm. Indeed, a sadliffer from each other in their localization. The first onset
quence of the equatorward drift of the auroral arc, the breakugeems to be very localized. The auroral image obtained from
of this arc at 2307 UT, followed by a series of activations the DMSP photometer data, soon after the first auroral acti-
(multiple onsets), and the strong poleward expansion are typvation around 2320 UT, does not show any surge-like struc-
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Fig. 9. Top-to-bottom: energetic particle data from LANL satellites 084, 080, 097, and 095. Electron data are presented on the left, proton
data are on the right. Presented data show the electron flux with efAesg$0, 45, 65, 95, and 140 keV for spacecraft 097, and with energy

E =50-74, 74-110, 110-160, 160—240, and 240-340 keV for other spacecraft. Proton chans&@,#®@, 110, 135, 175 and 50-76,
76-113, 113-172, 172—-260, 260-500 keV, respectively. The MLTs of spacecraft for 22 UT are shown in each panel on the left. Substorm
onset is marked by vertical line. (Note that UT is in decimal units).

tures further to the west of the Iceland meridian, MLT = 23 ted to the tail.

(the data are available on the web via the SPIDR system —not The Interball-1 spacecraft was in the longitudinal sector

shown). The eastward edge of the active region is estimategsf the substorm during the onset at 2307 UT. It registered
to be at MLT = 2.5-3.0 based on DEH dispersion analysisneither Earthward plasma flows nor magnetic field dipolar-

(Fig. 10). Some of the latest pseudobreakups spread up tpation, expected in the case of the tailward source location.
MLT = 21 and MLT = 04, according to the low energy par- partial plasma sheet thinning, however, was observed. We
ticle injections observed there by the geosynchronous satelnterpret this as the result of a magnetic reconnection oper-

lites (Figs. 11a and 11b). ating atX > —15Ry within the closed plasma sheet flux
tubes. In such a case, the satellite at the plasma sheet periph-
5.2 Possible interpretation of the mid-tail dynamics ery might be unable to detect the tailward moving plasmoid.

Most probably, in our case, the reconnection region remained
The available data do not directly support any specific mechat X > —15Rg during the pseudobreakup phase. The total
anism of a substorm. We suppose, however, that the NeaPressure slightly decreased due to the current disruption in
Earth Neutral Line (NENL) model (Hones, 1979) provides a the NENL vicinity.
framework for interpreting the mid-tail plasma sheet dynam- The strong activation at 2336—37 UT when the new arc ap-
ics. According to this model, a substorm starts with a recon-peared poleward has a remarkable difference. At this time,
nection process in the NENL location. The reconnection pro-the new complete plasma dropout occurred, but in contrast to
duces the Earthward and tailward plasma flows; dipolariza-the previous one (at 2307 UT), the magnetic field strength at
tion occurs Earthward of the NENL, while the plasma sheetthe Interball-1 location decreased (Fig. 6). The total pressure
thinning occurs tailward of the NENL. The reconnection that also sharply decreased (Fig. 8). At the same time, the first
starts on closed field lines forms the plasmoid, which is ejec-signatures of the tailward anisotropy of the energetic pro-
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23.25 — be obtained from ground-based photometer measurements.
A 1991-080 Using the auroral electron transport model by Sergienko and
Ivanov (1993), together with the auroral “red line” (630.0
nm) model by Solomon et al. (1988), the dependence of the
] emission intensity ratidezgo/l4278 on the electron charac-
23.15 — teristic energy, as well as the dependence of the 427.8 nm
7 emission intensity on the electron energy flux has been cal-
culated. These results and the measurements of the “red”
(630.0 nm) and “blue” (427.8 nm) emissions shown in Fig. 3
were used to estimate the parameters of the auroral electron
flux. To avoid the errors related to the ignorance of the real
altitude of different emissions, the calculation was done for
7.0 1 the zenith of Kiruna. The calculated parameters (character-
istic energy and energy flux, Fig. 12, top panel) were used
225 kev. 150 kev as input to make an estimate of the ionospheric conductiv-
ity variations (Fig. 12, middle panel). According to these
calculations, both the characteristic energy of precipitating
electrons and ionospheric conductivity were low during the
pseudobreakup phase, although the electron energy flux was
strong enough=1 ergcnt2s-1) to produce the bright vis-
ible aurora. In contrast, all values increased rapidly after
2337 UT. Magnetic disturbance on the ground is proportional
to the ionospheric current and, therefore, proportional to the
conductivity. In Fig. 12 (bottom), we present the magnetic
variations registered in Muonio (the IMAGE station closest
to Kiruna) to show good correlation between the observed
2.0 : : | magnetic variations and calculated conductivity.
23.10 23.15 23.20 23.25 Although during the pseudobreakup phase the Interball-1
UT, hours was in the longitudinal sector of auroral activations, it did not
observe any signatures of plasma energization. This might be
Fig. 10. Estimates of the time and location of dipolarisation on due to two reasons. First, the energization was localized, and
geosynchronous orbit. At the top: determination of the onset ofthe satellite which was located in the outer plasma sheet was
dipolarisation using the DEH energy dispersion observed onboargyot in g favorable position to monitor the region of energiza-
;[he. se?elht_e f1991d—(280. ?t: the b?ttlo n:; _Igcatloln and t'"t’e Ofthte ﬁl_'tpo'tion. Second, the energization was weak. Indirect confirma-
arisation interred frrom tne parucie arirt analysis on two satellites . T .
1991-080 and 1994-084. (Note that UT is in decimal units). tion of the second possibility comes from the ground optical
data. Indeed, as discussed above, photometer data indicate
the increased precipitating electron energy#£ 1 keV) af-

tons had been detected at the plasma sheet/tail lobe boun&f’ 2337 UT (Fig. 12). During the interval 2337-2342 UT,
ary. These observations are consistent with a strong recorfin€ satellite was at the plasma sheettail lobe boundary, but
nection on open field lines occurred close to Interball-1, buthen the satellite moved inside the expanding plasma sheet
still Earthward from it. Together with ground-based signa- (d|polar|zat|on region), it measureq an electron temperature
tures (step-like poleward expansion of auroras via new ardncréase up to-1keV. Such correlation suggests that the low
formation), this suggests a reappearance of the active regiofi<1 k&V) energy of precipitating electrons during the pseu-
further tailward in the magnetosphere. Then, around 234l0obreakup phase may correspond to the low energy in the
UT, the active region shifted further to the tail. This is con- Plasma sheet. Thus, we do not expect that during the pseu-
firmed by the observed plasma sheet expansion, the dipolafiobréakup phase the electron temperature would increased
ization of the magnetic field, and the Earthward anisotropySignificantly, in comparison to the electron temperature be-
of the energetic protons. The Earthward particle burst wadore the first plasma sheet thinning (0.2-0.4 keV). Note that
rather short; this can be explained by the flow concentratiorfluring the pseudobreakup phase, the Geotail spacecraft did

UT, hours

0.000 0.005 0.010 0.015 0.020
1E, (keV)-L

MLT
1

1991-080

near the plasma sheet boundary. not detect any significant changes in the plasma sheet param-
eters. This might be because the spacecraft was outside the
5.3 Particle energization substorm activation region (Sergeev et al., 1999).

Very weak energization of plasma during the pseudobreak-
Below we show that the pseudobreakup phase differs fromup phase is also evident by particle measurements onboard
the following activations in the particle energy in the mid- the LANL satellites. During strong substorms, the DEH phe-
tail, at the geosynchronous orbit, and in the precipitation.nomenon (drift-dispersed depletion of fluxes at high ener-
Some information on the auroral electron precipitation cangies) is usually observed together with the injection of elec-
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Fig. 11. Combined data from MPA and SOPA instruments onboard the satellite 1991-080 situated in the mornin(@)saatbt 990-095

in the evening sectqib). Here, the MPA electron data are presented for 10 energy channels from 2 to 24 keV; the MPA proton data are
presented for 8 channel from 2 to 13 keV. Dashed lines on the MPA electron plots represent the interisitkeY electrons. Vertical lines

mark the interval 2307—-2336 UT.

trons in the lower energy channels of the SOPA instrumentsheet electron temperature deduced from the MPA measure-
(50-100 keV). The threshold energy between DEH and thements was<0.5 keV during the pseudobreakup phase, and it
injections depends on the radial gradient of the backgroundncreased up to 0.7-1.5 keV after 2337 UT. The high-energy
electron population and on the hardness of the energy spedtens keV) electron injection has been detected at geosyn-
trum of the injected electrons (Sergeev et al., 1992). In ourchronous orbit only after 2345 UT (Fig. 11b), which is in
case, the signatures of the DEH is found even in the MPAagreement with the mid-tail energization signatures and those
(low-energy) electron data (Fig. 11b) with threshold energyrevealed from the ground-based optical measurements.

as low as 10 keV. Indeed, the SOPA instrument detects the . o .

DEH in all energy channels. The dispersed electron flux de- Hence, the observations indicate that during the pseudo-
crease is also seen in the higher energy channels of the MPRreéakups, the source of the precipitation (plasma sheet) re-
instrument € > 10 keV). In contrast, at energigs < 10 ~ Mained, consisting of cold and dense plasma, and the soft
keV, one can see a weak enhancement of the electron fluglectron precipitation, i.e. no significant field-aligned ac-

beginning at 2320 UT, which is in agreement with the DEH Celération, was observed. We suggest two ways how the
dispersion. plasma sheet parameters can influence the electron energiza-

tion and precipitation. Firstis the magnetic reconnection pro-

In the evening sector, the electron injection was also ob-cess while it is operating on closed field lines of the plasma
served at energies less than 10 keV at the late stage of theheet. As discussed by Sergeev et al. (1996b), dense plasma
pseudobreakup phase (Fig. 11a). The low-energy electrodepresses both the reconnection rate and the energy gain per
and proton enhancements seen in the MPA data in Fig. 11 arparticle, which is given aaW ~ BZN~1, whereB is the
a result of the sudden arrival of the accelerated plasma sheahagnetic field in the tail lobe andl is the plasma density in
population associated with the inductive electric field andthe inflow region. A stronger energization, as well as a faster
magnetic field dipolarization (e.g. Birn et al., 1997). Indeed, reconnection rate, is expected when reconnection starts to in-
before the substorm activation, the geosynchronous spacerolve open field lines (and low-density plasma). In the re-
craft measured clear signatures of plasmaspheriO(eV) connection models of the substorm, the neutral line is associ-
ion refilling (data not shown), which disappeared during theated with the poleward edge of auroral bulge (e.g. Pudovkin
plasma sheet particle enhancement. The near-Earth plasna& al., 1991). As the reconnection rate is proportional to
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Table 1. Event timing in terms of substorm development.

Time (UT) Phenomena observed Interpretation

22:20-23:07 Auroral arc moves equatorward; gradual increase of westwardwth phase
electrojet; total pressure increases in the mid-tail

23:07 The first breakup; PiB; DEH at04 MLT and start of grad- Expansion phase onset; dipolarization;
ual increase in geosynchronous ions-@0 MLT; plasma sheet current disruption; active region be-
thinning; total pressure starts to decrease tween 00 and 03 MLT

23:24-26  PiB; plasma sheet thinning; geosynchronous electron #@ither multiple onsets; longitudinal ex-
(weak) proton injection at-04 MLT pansion of the injection region

23:29-30 PiB; weak geosynchronous proton injection-84 and~21
MLT

Pseudo-breakup phase

23:33  PiB; geosynchronous electron injection at 21 MLT

23:37 New auroral arc flare poleward; PiB; the last plasma sheet thivew, strong activation; current disrup-
ning; tailward flow of energetic protons; strong decrease of th®n in the vicinity of Interball-1
total pressure; stronger geosynchronous proton injectioidat
MLT

23:42 Auroral poleward leap, PiB, electrojet poleward leap, plasnMagnetospheric active region passed
sheet expansion and Sunward flow of energetic protons, partitéevard the tail nearby the Interball-1
energization (retreat of neutral line)

the velocity of the poleward propagation of auroras, a denseyround). In contrast, the substorm expansion onset which
plasma sheet results in the slow and limited poleward motionpccurred after short quiet intervals or during disturbed con-
whereas low density favors the fast auroral expansion. ditions should also have classical signatures in the magnetic

A second mechanism is related to the fact that bright auroata, i.e. & sharp and strong magnetic bay.
ral structures are produced by the field-aligned accelerated ) ] ] )
electrons. The acceleration is thought to be necessary tg-4 Comparison with previous observations

support the field-aligned currents in the loss-cone portion of . ) . . .
the electron distribution function. According to the Knight OUr findings are in agreement with some previous studies

relationship (Knight, 1973; see, also, Lyons and Williams, of the substorm onset. . F_c_)r exgmp_le, Sergeev and Yahnin
1984), the field-aligned potential drop () required to sup- (1979b) have found that initial activations in the course of the

ort the field-aligned current is proportional 12N~ two isolated substorms were localized; they did not exhibit
P 9 'S prop e strong expansions and had a weak ground magnetic effect.
Therefore, lowT, and largeN, in the plasma sheet during

~ Using the data from several all-sky cameras they made a tri-
the pseudobreakup phé?s_e S.queSt a ot and a soft en angulation of auroras and found that the altitude of bright au-
ergy spectra of the precipitating electrons.

roras was about 140 km. This means that these auroras were
The large plasma density also secures the substantial eMyoduced by low-energy electron precipitation. Mende and
ergy flux of precipitating electrons and, therefore, bright au-gather (1976) have noted that the “green” aurora breakups
roras while the electron energy could be low. The soft spectrgy e often preceded by “red” subvisual breakups. This also
of precipitating electrons are responsible for the low level Ofsuggests that the spectra of precipitating electrons are soft at
the ionospheric conductivity and, as result, the weak iono-ne beginning and become harder during the course of the
spheric current and ground magnetic disturbances. In Urexpansive phase development. Rostoker (1968) concluded
the increase in the energy of precipitating electrons result§pt the large negative excursion of tHecomponent of the
in the increase ity and X /Xp and, consequently, the magnetic field often follows the weak magnetic disturbance
increase iS¢ (Cowling conductivity), which causes the en- (so-called “trigger bay”). He also noted that the “trigger bay”
hancement of the electrojet. might be accompanied by the same magnetotail signatures as
Terasawa et al. (1997) and Fujimoto et al. (1998) havea typical substorm onset. Nakamura et al. (1994) considered
shown that cold and dense plasma populates the plasma shebe pseudobreakups as a precursor of the major substorm ex-
after intervals of northward interplanetary magnetic field, pansion. Aikio et al. (1999) defined pseudobreakups as ac-
i.e. quiet geomagnetic conditions. This suggests that weltivations with limited 2 degree) latitudinal auroral expan-
isolated substorms which occurred after long calm inter-sion. Although this definition differs from that used in our
vals should start with the “pseudobreakup phase” (aurorapaper and some of their “pseudobreakups” had substantial
breakups without significant magnetic disturbances on themagnetic effects, Aikio et al. (1999) also reported that the
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dipolarization, mid-tail plasma sheet thinning), but there were
no energetic particle injections, with only very soft (a few
keV) particle flux increases at 6. Energy spectra of the
precipitating electrons are softer during the pseudobreakup
phase in comparison with those found during the “real sub-
storm” activations.

We may conclude that in our case, the main difference be-
tween the pseudobreakups and “real substorm” activations is
Cowling a different level of particle energization in the magnetotail
Hall and in the auroral acceleration region. If the substorm in-
stability (presumably reconnection) develops in the cold and
dense plasma, one may expect weak energization. The weak

e N acceleration in the auroral acceleration region (again due to
100 — ) cold and dense precipitating plasma) leads to the low iono-
Muonio H-component . .. C .

S spheric conductivity caused by precipitating electrons and,
consequently, to the weak Hall currents and weak ground
magnetic effects. In this view, the role of ionospheric (Hall)
conductivity is “passive”; it controls primarily the intensity

of the ground magnetic disturbance, but it is not the main
2 2 it o 0 factor which terminates the magnetospheric instability.
Further investigation is needed to understand if the rela-
Fig. 12. Characteristic energy, and energy flux of precipitating elec- tionship between the cold/dense plasma sheet and pseudo-
trons during the considered event estimated from the data of photobreakups is regular and if the above scenario is applicable to

metric observations in zenith of Kiruna (top). Hall, Pedersen, andother events at the beginning of well isolated (following the
Cowling conductivity of the ionosphere calculated from the above prolonged interval of quietness) substorms.

parameters of the precipitating electrons (middle). Magnetic field
variations at station Muonio (bottom).
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