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Decrease in B. prior to the dipolarization in the
near-Earth plasma sheet

K. Shiokawa, Y. Miyashita, I. Shinohara, and A. Matsuoka

Abstract: We examine in detail the rapid decreaseBn just before dipolarizations observed by the GEOTAIL sétell

in the near-Earth plasma sheet &id{sar, Yasm) = (—8.3 Re, —5.1 Rg). The observations were made using high-time-
resolution data from a fluxgate magnetometer (16-Hz samalegarch-coil magnetometer (128 Hz), and an electric field
antenna (64 Hz). Two dipolarizations were observed durisat time interval of 2 min. The magneti. component
suddenly decreased 2—4 s prior to the dipolarization. @heniatic waves with frequencies of 5-20 Hz and amplitudes o
1-3 mV/m and 5-15 nT/s were observed in the electric and niagfield data at the time of the sudden decreaseB.jn
We discuss two possible causes of the sudden decreadgsprior to the dipolarizations: (1) passage of a field-aligned
line current associated with the substorm current wedge,(2nexplosive growth phase and subsequent disruptioneof th
tail current caused by the observed characteristic fieldlasons.

Key words: dipolarization, explosive growth phase, substorm, curdisruption.

1. Introduction In the ICS-8 presentation, we reported a detailed analysis
. o . ey . of a sequence of rapid decreasedsin prior to the dipolariz-
. g s, 10T, USing igh-ime.resolion data om GEOTAIL meas
ation indicates a sudden decrease of the duskWard tailrﬁurreurements of magnetic and electric fields. We found intense 5-
that prevailed during the substorm growth phase. [7] ereldi 20 Hz waves during the events. The obser_ved feature seems
dipolarizations as tail current disruption due to wave turb not to be the flux ropes oB, pileups. We discuss altermat-
lence in the thin current sheet. [16] and [1] explained dipol ive causes of these charactensnpfleld variations in laghibe

' substorm current wedge and tail current disruption. The ful

izations as Earthvv_ard flow braking (dawnwar_d inertia curen version of this work has already been published by [19].
and subsequent pileup of northward magnetic flux transgorte

from tail reconnection.

On the basis of magnetic field measurements made by th2. Observation
AMPTE/CCE satellite inside 10 R [11] found the explosive ) S ] )
growth phase, which is characterized by a rapid decrease 0]c_GEOTAIL satellite (_jatawnh high time resolution Qre_used in
magnetic field elevation angles prior to the dipolarizatjga] ~ this work. They consist of 16-Hz sampled magnetic field data
reported similar “bipolar” structure (a decrease and theima.  obtained by a fluxgate magnetometer, 128-Hz sampled mag-
crease) ofB, during the magnetic flux ropes associated with netic field fluctuations obta_un_ed byasearch coil magneteme;
Earthward convective flow in the tail plasma sheeét> 14 ~ @nd 64-Hz sampled electric field data obtained by a 100-m tip-
Rp. They explained these flux ropes as coming from the mulfo-tip probe antenna. Plasma velocities were obtained by an
tiple reconnectioX -lines in the near tail. [14] have also repor- €lectrostatic analyzer with a time resolution of 12 s andnfro
ted flux rope structures during nightside magnetic flux iens DC e_Iectrlc fleld.measurements V\_nth a time resolution of 3 s.
events, which are probably caused by impulsive reconnectioP€tails of these instruments are given by [5], [22], and [10]
in the near-Earth plasma sheet. A statistical analysis ddGE _Figure 1 shows an 8-min interval of the dipolarization egent
TAIL data at~10-30 R by [13] shows that sharp dipolariz- observed by the GEOTAIL satellite, using the high time resol
ations tend to be preceded by a transient decreag jin-  Ution data (16 Hz sampling in the DC magnetic field, 128 Hz in
dicating that this is a common feature during the dipolarizathe AC magnetic field, and 64 Hz in the electric field). Two se-
tions. [18] noted that about half of the 21 dipolarizatioeets ~ duential dipolarizations can be clearly identified at 1849JT
they studied show decreasef# prior to the dipolarization at @nd 1551:25 UT, as indicated by the vertical dashed lines. Th
X ~10 Rg. [4] and N. Shirataka et al. (private communica- elevation angle an@, of the magnetic field rapidly decrease
tion, 2004) found that by introducing a guide figk}, in their prior to these dipolarizations, increases and then decreases
three-dimensional reconnection model, a decreasB.imc-  at these events. The magnetic field intensitgoes not signi-
curs prior to the dipolarization due to a pileup of tRg field ficantly change at the first event, while it slightly increase

at the leading edge of Earthward flow. the dipolarization of the second event.
These dipolarizations are observed at the beginning ohEart

) ward plasma velocity enhancements, as shown inlthe .
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40 GEOTAIL (Aug.31,1999)  (Xgsm,Ygsm,Zcs)=(-8.3,-5.1,-0.4
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Fig. 1. From top to bottom: 16-Hz sampleft, B, By, B, and
elevation angle (0= tail-like, 90° = dipolar) of the magnetic
field obtained by a fluxgate magnetometer, thermal presse (
and total pressureR:.; = P; + Py, where P, is the magnetic
pressure)V,, V,, andV, obtained by the particle detectdr, .
obtained by a particle detector (crosses, 12-s resolutiod)
calculated fromEyBZ/B2 (solid curves, 3-s resolution), 128-Hz
sampled magnetic field fluctuations &%, B,, and B., obtained
by a search coil magnetometer, and the time derivative dfi4-
sampled electric field data, obtained by GEOTAIL for an 8-min
interval at 1547-1555 UT on August 31, 1999. The data are in
GSM coordinates. The GEOTAIL locatioA.s at the top is the
Z-distance from the model current sheet determined by [281.
the v, . calculation from the electric field data, only tte,
component is used, because GEOTAIL does not measur& the
component. The two horizontal bars indicate the time iratisrv
shown in Figure 2.

may be a third event at1553:30 UT. Here, we focus on the
first two events.

At the time in Figure 1, GEOTAIL was atN¢ s, Yosum,
Z.s) = (-8.3,-5.1,-0.4) R, whereZ_; is the distance from the
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model neutral sheet as determined by [23]. Two low-latitude
Pi 2 pulsations with onset times at 1526 UT and 1544 UT
were observed at three Japanese ground stations in the mid-
night local time sector (00:26 and 00:44 LT, respectively).
auroral initial brightening was observed by the POLAR UVI
imager associated with the second Pi 2 onset at 1544 UT in the
dusk sector at-22 magnetic local time (MLT). The auroral
brightening expanded toward the dawn sector, where GEO-
TAIL was located at 02:04 MLT at 1550 UT. The ion dens-
ity, temperature, and plasma (ratio of thermal pressure to
magnetic pressure) were0.5-1.0 cn3, 5-8 keV, and 2-5,
respectively, at 1540-1610 UT, indicating that GEOTAIL was
well within the central plasma sheet (see Figures 1 and 2 of
[19]).

Figures 2a and 2b are expanded plots of the GEOTAIL data
for 32-s intervals (indicated by the two horizontal bars ig-F
ure 1) around the two dipolarizations at (a) 1549:25-1549:5
UT and (b) 1551:10-1551:42 UT. Since the electric field in the
bottom panels consists of raw data from the 100-m probe an-
tenna, 3-s spin modulation is clearly seen with some distust
due to photoelectrons ([22]).

In both Figures 2a and 2, decreases 2—4 s before the
dipolarizations.B, has peaks near the local minimum Bf
in both casesB, tends to decrease at the same timeBas
in Figure 2a. The total field intensit} does not significantly
change in Figure 2a, while it increases coincident withhe
increase in Figure 2b.

Intense waves are seen in both magnetic and electric field
data from the beginning of thB, decrease in Figure 2a and
from ~1 s before theB, decrease in Figure 2b. Although the
time resolution of plasma velocity is low, the Earthward con
vective plasma velocities in Figure 2a are rather smalk les
than 100 km/s, while those in Figure 2b are 100-200 km/s dur-
ing the B, decrease.

The plots in Figure 3 are a further expansion of the GEO-
TAIL data for 4-s intervals (indicated by the horizontal ar
Figure 2) at the beginning of the intense waves. The waves in
the electric field data seem to have characteristic freqasioé
5-20 Hz and amplitudes @3 mV/m in Figure 3a and-1-3
mV/m in Figure 3b. Waves with a similar frequency range are
seen in the search-coil magnetic field data with amplitudes o
~5nT/sin Figure 3a and 15 nT/s in Figure 3b. Waves with a
higher frequency range can also be seen in the search cajl dat
because of the higher sampling rate of 128 Hz.

3. Discussion

We observed rapid decreasesin 2—4 s before the dipolar-
izations. The event was observed two times within the 2-min
interval. Convective plasma velocity was smati100 km/s)
for the first event, while it was 100-200 km/s for the second
event. Characteristic waves were observed from the betgnni
of the decrease iR, in both the electric and the magnetic field
data. The high-time-resolution data shows that the waves ha
frequencies of 5-20 Hz, and large amplitudes of 1-3 mV/m in
the electric field data and 5-15 nT/s in the search coil mag-
netic field data. The frequency of 5-20 Hz is in the range of
the lower hybrid waves.

As cited in the introduction, several authors explained the
decrease inB, prior to the dipolarization as flux ropes due
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= R One explanation is the passage of field-aligned line current
SE _115)- associated with the substorm current wedge, as shown schem-
T atically in Figure 4. Becaus8, was continuously negative,
5= _%é)'MWH’MMwPWWW GEOTAIL was in the south of the tail current sheet. If GEO-
= s TAIL was above (north of) the upward field-aligned current (b
Z o or below (south of) the downward field-aligned current (t), i
3 s would observe a decrease and then an increaBeg,ias shown
@ 10 L J
1

551:10 1551:14 1551:18 1551:22 1551:26 1551:30 1551:34 1551:38 1551:42 In Flgure 4dBy WOUld have a peak When the Ilne Current IS
Universal Time closest to the satellite. This configuration may explaindhe

servedB, and B, changes in Figure 1. The model in Figure
4 predicts that thé3,, peak will coincide with zero crossing of
B.. The B, peak, however, coincides with the negative peak
of B, in Figure 2. If the field-aligned current not only aligns
with GSM-X but has some component in the GSMand 7
directions or if the current has some sheet structures, yt ma
be possible to reproduce the observéd and B,, variations
by a crossing of field-aligned currents. However, this model
requires that for the present case, the field-aligned ctieren
pands quickly in longitude two times during the 2-min inter-
val. This model also does not explain why the intense 5-20 Hz
Jyaves were observed at the start of the decreask .in

The idea of field-aligned line current was first considered
by [11] for the events of the explosive growth phase. They ex-
cluded this idea because the observed variation in the ggoma
netically outward component of the magnetic field was oppos-
Ii,;[e to that of the model in the VDH coordinate system. It is
not clear whether the same logic using the VDH coordinates is
applicable to the present case, since the radial distant8 of

Fig. 2. From top to bottom:B, B, By, and B, (solid curves),
obtained by a fluxgate magnetometer, ., (crosses: from a
particle detector, 12-s resolution, and dashed curves fro
EyBZ/BQ, 3-s resolution), AC magnetic field fluctuations of

B., By, and B., obtained by a search coil magnetometer,

and 64-Hz sampled electric field data, for 32-s intervalsaat (
1549:25-1549:57 UT and (b) 1551:10-1551:42 UT obtained by
GEQOTAIL on August 31, 1999. The two horizontal bars indicate
the time intervals shown in Figure 3.

to multiple/impulsive reconnection and pileup of tBe field.
The present event seems to be different from the flux ropes
pileup, because the peak iy, is almost coincident with the
local minimum of B, and B, >0 everywhere. For flux ropes
andB, pileups, there would be a bipol&, with a peak inB,
near the inflection point of thB, signature. Moreover, intense
waves were observed in the lower hybrid frequency range. |
this work, we would like to consider two alternative explana
tions for the observed decreaseR) prior to the dipolariza-

(©2006 ICS-8 Canada
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Fig. 5. Schematics (X-Z plane looking from dusk to dawn) of a
_ ) sequence of explosive growth and disruption of the tail enirr
Fig. 4. Schematics of (a) the substorm current wedge, (b) and (c)explaining the observed decreaseRy prior to the dipolarization

two possible motions of GEOTAIL relative to the field-alighe (indicated in (f)). (a) Before the event, (b) intensificatiof

line current (looking from the tail to Earth), which explain tail current (explosive growth phase), (c) localized taitrent

the observed decrease B. and increase i3, prior to the disruption (indicated as a dawnward tail current), (c’) @mted
dipolarization (d). Becaus®, was negative throughout the event, (reduced) magnetic field inside (outside) the current gison
GEOTAIL was southward of the tail current sheet. region increases (decreases) the Earthyard force, (d) plasma

.. . . . tries to move Earthward (tailward) inside (outside) thereot
Rp is just at the geomagnetic hinging distance, where deOI%Iisruption region, and (e) the whole plasma moves Earthwagd

configuration changes to the tail configuration ([?_’])' . to a reduction in pressure gradient force, causing dipgtion
The other explanation for the rapid decreas&inprior o (increase inB.) on the MHD time scale. The accumulation of

the dipolarization is an explosive growth phase and a IOCaI;'t)lasma and magnetic field may then increase the tailwardsyres

ized tail current disruption, as schematically shown inuirég gradient force to stop the flow (back to (a)). Satellite laat

5. BecauseB, was continuously negative during the present,,q just tailward of the current disruption region in the them
event, GEOTAIL was in the south of the tail current sheet{Fig hemisphere.

ure 5a). At the late growth phase, the tail current sheet ean b

suddenly intensified by some processes discussed below (ex-Te field configuration in Figure 5¢ is, however, unstable on
plosive growth phase, Figure 5b). The magnetic field becomegn pmHD time scale, which is longer than a few seconds. The
tail-like Earthward of the current intensification regiandedi-  ,rent disruption (equivalent dawnward current) prociaz
polar tailward of the intensification region. This explaihe yitional northwardB, Earthward of the disruption region and
sudden decrease i, if the satellite was located Earthward gothwardp, tailward of the disruption region. Thus, as shown
of the current intensification region. o in Figure 5¢’, the Earthwarii x B force becomes larger than
Then in Figure 5c, a localized current disruption occurSine prevailing tailward pressure gradient force Earthwaird
as expressed by an equivalent dawnward current, possibly bge current disruption region, while it becomes smallek tai
cause of_ an anomalpus resistivity due to the observed @tengy5rd of the current disruption region. As a result, plasmase
waves with frequencies of 5-20 Hz. The intense waves may bg, move Earthward/tailward at Earthward/tailward of the-cu
generated by the cross-tail currentinstability due to tiiglen ¢ disruption region (Figure 5d). Since the Earthwardpla
intensification of the tail current in Figure 5b. The magoeti otion reduces the pressure gradientforce tailward of e m
field configuration just tailward of the current disrupti@gion ing region, the whole plasma finally moves Earthward (Figure

becomes more tail-like due to this localized current diSoup 5e). This unbalance gfx B force has been discussed by [8]
This again explains the observed decreasé#jnon a short (Section 6.6).

time scale, if the satellite is located tailward of the dgron Because the Earthward plasma motion causes accumulation
region. The disrupted current will be closed to the fieldhatid  f the plasma and magnetic field inside the disruption region
current, forming a substorm current wedge. the tailward pressure gradient force may increase agaithend

(©2006 ICS-8 Canada
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whole plasma may stop moving (back to Figure 5a). This mayf, for example, the substorm current wedge is driven by the
explain the sequence of the present event, where dipolarizéraking of Earthward flow ([16] and [17]).
tions took place twice within 2 min. Th8, and B, changes The decrease of the total pressure at or after the dipolariza
observed at the time of the decreaséBnmay be explained tion in Figure 1 may not be not consistent to the flow braking
if the duskward sheet current at the explosive growth phaseiew for the present cases. We should note that for the presen
and/or the dawnward disruption current are tilted inkhe Y  events the ion energy tends to exceed the upper limit of the
plane. ion detector (40 keV), so that the pressure measurements may

Inthe above discussion, two processes, i.e., explosiwetro become ambiguous. However, this pressure reduction at-the d
phase (Figure 5b) and subsequent localized current disrupt polarization has been reported in several literature dalted
(Figure 5c¢), are considered for the cause of the suddenalkgere the reduction of the plasma pressure associated with dipola
in B, . For the explosive growth phase, [11] and [12] proposedhtion and earthward bursty flow as plasma bubbles. [9] repor-
that sudden intensification of the cross-tail current skt ted similar reduction of the plasma pressure in the equatori
a time scale of-+1 min can be caused by a positive feedbackinner plasma sheet at substorm onset, and concluded that thi
process between the unmagnetization of ions and the tlgnnirreduction leads to the expansion-phase reduction of ¢edlss-
of the current sheet. [2] proposed that the kinetic ballogni current.
instability can cause explosive growth phase with a timéesca The model of explosive growth and disruption of tail cur-
(period) of 50-75 s. [6] proposed that the entropy antidiffm  rent (Figure 5) also predicts Earthward flow enhancement at
by lower-hybrid drift instability can cause sudden intéicai  the time of dipolarization. For the second event in Figure 2b
tion of cross-tail current sheet with a time scale-df min. All the flow was enhanced prior to the decreas®jn This may
these possible processes of explosive growth phase pthdict contradict the current disruption model. However, if thié ta
time scale of~1 min, which is longer than that of the present current disruption and subsequent Earthward flow occur on a
events (2-4 s). The decreasei) by a localized current dis- different spatial scale, one could expect an overlap oftEart
ruption can be a time scale of a few seconds, since the curremtard flow and a decrease B, on a non-MHD short time
disruption is a non-MHD process, which should be relaxed orscale.
MHD time scale as shown in Figures 5c-5e. As shown in Fig- In any case, the time resolutions of the plasma velocities (3
ure 2, the intense 5-20 Hz waves were observed from the be-in E x B and 12 s in plasma moment) are not sufficient to
ginning of the B, decrease. This fact also supports the ideaallow a discussion of timing in relation to field variationot®
that the waves are responsible for the current disruptiab th methods have problems in the determination of plasma weloci
causes decrease By.. Anyhow, if explosive growth phase oc- ies, i.e., the electric field is reliable only for tlig, direction,
curs prior to the current disruption to drive the thinninglan and ion energy exceeds the upper limit (40 keV) of the plasma
intensification of the cross-tail current sheet, it woulddife ~ detectors for the present event. High-time-resolutionsues
ficult to distinguish which (explosive growth phase or catre ment over a broad energy range (up to 100 keV) would be es-
disruption) is the cause of the observed decreagg in sential for plasma velocity determination in the near-Eatl.

The intense lower hybrid waves with frequencies of 5-20
Hz and amplitudes of 1-3 mV/m observed at the decrease in .
B. may be responsible for the tail current disruption. Model4: Conclusion
calculations would be necessary to check whether theseswave e have investigated a sequential dipolarization event ob-

are sufficient to disrupt the tail current. Recently [20]o8Bd  served by the GEOTAIL satellite in the near-Earth plasmashe
similar waves at a lower hybrid frequency ranges(16 Hz) 4 (Xesar Yasar) = (-8.3, -5.1)Rs, using high-time-resolution
based on the GEOTAIL observation in the tail plasma sheefjata from a fluxgate magnetometer (16-Hz), a search-coit mag
at 10-13Rp. They concluded that these waves are not likelynetometer (128 Hz), and an electric field antenna (64 Hz). The
to be the cause of the tail current disruption, because thefjinolarization event took place 57 min after ground Pi 2 on-
maximum amplitude was not observed until after the start okgt and a POLAR UVI auroral brightening, and was observed
magnetic field dipolarization and Earthward flow. They sug-qawnside (02 MLT) of the main onset region (22 MLT). The
gest that these waves are a consequence of the dynamics of §¥gserved characteristics of the dipolarization are surizear
magnetotail, since they are associated with plasma floldnt 55 follows:

present case, the amplitude of the waves is already very high 1 Tyo dipolarizations were observed within a 2 min inter-

at the start of the decrease By, as shown in Figures 1 and |, The magnetic field3. suddenly decreased 2-4 s before the
2. Thus, the waves may be responsible for substorm initiatio ginolarization in both cases.

through cross-tail current instability. If the waves in thever 2. Characteristic electric and magnetic field oscillatioith
hybrid frequency range are also generated by plasma dynamequencies of 5-20 Hz (lower hybrid frequency range) and
ics, it would be very difficult to distinguish the cause and th amplitudes of 1-3 mV/m and 5-15 nT/s were observed coin-
result based on a single satellite measurement. cident with the sudden decreasein.

The relation between the observed field variations and the \ye giscuss two possible causes of the sudden decre&se in
Earthward plasma flow is important for verifying these msdel pyrior to dipolarization: (1) passage of field-aligned ling-c
For the first event in Figure 2a, the plasma velocity increaserent associated with the substorm current wedge, and (2) ex-
slightly to~100 km/s, while the second event in Figure 2b oc-pjosjve growth and disruption of the cross-tail currenteshe
curs when the plasma velocity increases to a few hundred km/grom the present observation it s difficult to distinguishien
This flow enhancement would be consistent with the longitudprocess caused the observed magnetic field features. In the
inal expansion of field-aligned line current model in Figdte  former case, the observed intense waves may be a consequence
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of plasma dynamics (plasma flow) during dipolarization. In
the latter case, the observed waves may cause the tail turren

disruption. Plasma measurements with a high time resalutio13.

(higher than 1 s) would be key to differentiating betweerséhe
two models.
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