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Substorm theories and Cluster multi-point
measurements

A. Roux, O. Le Contel, D. Fontaine, P. Robert, P. Louarn, J.A. Sauvaud, and A.N.
Fazakerley

Abstract: The development of the collisionless tearing instabilityoften considered as the trigger for substorms and
magnetic reconnection in the tail current sheet (CS). Yéliglhed results show that unless the number of particles

in a ux tube drastically changes via strong spatial difarsiacross B, tearing modes are stable. We review this long
lasting controversy and conclude that the collisionlessdnd electron tearings are stable, or weakly unstable aat b
low frequencies and therefore at the large scale whereaildirtes are expected to form. As well, tearing modes have
Kx Ky, but Cluster observations show large amplitude perturhathaveK Kx (mostly azimuthal propagation).
To identify the signature of the breakup instability we gmal Cluster data from a substorm that occurred while Cluster
was in the CS. At the end of the growth phase, enhanced uxesldfaligned electrons ( 1keV) are observed together
with a 1keV decrease in the energy of the original plasma sheetlatipu This eld aligned component corresponds
to ionospheric electrons accelerated by an (induced) Iphrdéctric eld. Both azimuthally propagating uctuatis with
quasi periods of 60 sec, and higher frequency wide band electromagneticuatains are observed. As the active phase
starts, the waves intensify, reaching 2nT and 20mV/m for &ifg 10nT for LF. The CS gets even thinner leaving only
one satellite inside it, which observes that electrons agdd and have variable uxes. We suggest that electroringeat
is due to bounce resonance with HF waves. This is followed bgries of short lasting (60 sec) magnetic structures in
By and Bz. These correspond to eld aligned currents andigdatipolarizations and are observed to move azimuthally.
They are associated with fast ion ows (1000km/sec), andhwitrsts in the amplitude of HF waves. This data analysis
suggests that HF waves produced by bouncing electrons, incagasingly thin current sheet, interrupt the currengreby
producing a local dipolarization and the corresponding @ bursts. This is consistent with the CD model.

1. Introduction evant to the two kinds of instabilities. The two models have

During substorm growth phase, the tail current sheet (CS?imilarities._For instance eld alig.ned currents are e>¢pd9
becomes thin. The contrast betwéen a slove@mn) growth (o] d(_avelop in both cases. Yet thglr characteristics alserdif _
h d as'udden breakurmm) sudaests that a plasma in- For instance, the tea.rlngllnstgblhty has to p_roduc_e.g_aban
phase an \ Amn) sugg: plas| modulation in the radial direction (Kx), while instabiés in-
:T'_tr?b'tl'ty plays the mgjorrole ?fatrlgg((ajnn substca[rhm dNymré t}é‘olved in CD/diffusion should produce an azimuthal modu-
e two primary and competing paradigms are the Near-Eartf), . : o .
Neutral Line (NENL) and Current Disruption (CD) models. tion (Ky). As well, the instability mechanism must develo

: ; : on a time scale consistent with that of breakup. In section 4
In the NENL model the Iamenta_t|on.of thg .CS IS agsomatedwe present Cluster data from a substorm that occurred while
with the development of the tearing instability, leadinghe

formation of neutral line(s) in the mid-tail (20-30 Re) amd t Cluster spacecraft (s/c) were located in the CS, and try {o de

subsequent fast ows. Earthward of the reconnection site (Xtermme what model ts best with the data.
Ine) e on s dected sarthuard Baking of hese stio 5. Can tearing instabily produce spontaneaus
tion, in the near Earth plasmasheet. This dipolarizatidmin reconnection in collisionless plasmas?
propagatestailward. In the CD (also called diffusion) mtsje In most recent literature, it is assumed that the X-line(s)
the dipolarization results directly from the developmeindn  structure(s) can be formed, either via tearing instabitityoy
instability that reduces/diffuses spatially the tail @nt (Jy).  suitably controlling external conditions (forced recoatian).
Later the dipolarization may expand radially, thereby aays A particular emphasis has been put on the potential role t#f Ha
the reduction/spatial diffusion of the currentin a broagiea.  currents in a situation where the current sheet is very gon,
In this type of model the formation of X-line/point can be the that ions are demagnetized. Yet in a real situation, how ex-
consequence of the dipolarization instead of being its&aus ternal constraints could lead to the formation of an X-lige r

In sections 2 and 3 we review theory and observations relmains unclear and we do not know how this X-line could re-
main quasi-stable for quite a long time. On the other hand the
Received 24 May 2006. tearing instability is known to be a viable mechanism to form
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the Earth's plasmasheet, some form of collisionless dissip cannot be used to investigate spontaneous tearing modss. Mo
tion must play the role of collisions. [4] suggested thatelin  recent simulations take into account Hall effects, which ca
Landau damping for this, which can work provided there is ngprovide collisionless dissipation, in the Ohm' s law. Fuiin-
normal component. It was soon realized that even a small Betic 2.5 and 3D simulations are now used to explore the nature
stabilizes the electron tearings. Indeed the presence oita  of collisionless dissipation process (e.g. see [7]). Cangu
Bz modi es electron motion (they are magnetized) which re-time constraints, however, introduce serious limitatiohise
moves the Landau resonance and the corresponding collisioformation of X-lines is forced by external conditions, omsi
less dissipation (e.g. [6], [9]). ulations start with a Harris sheet (with Bz=0 and thus no-elec
Schindler[18] suggested that ion Landau damping (associtron bounces). Even in the cases where the modes are allowed
ated with unmagnetized non-adiabatic ions) could provige t to grow spontaneously, constraints on computing time aad th
dissipation required for tearing instability to developowt  dimensions of the 2 or 3D simulation boxes are such that elec-
ever, he assumed that electrons were cold (Te=0). [10] havieon bounce motion cannot properly be described for réalist
shown that with nite Te, the energy associated with elettro ion to electron mass ratios. Thus, different simulationapar
compressibility is larger than the free energy availaldefthe  meter domain and boundary conditions lead to differences in
reversed magnetic eld con guration. Hence ion tearing can the predicted development of the tearing instability. For i
not develop over realistic distances. [10] showed that < stance while [22] concluded, from kinetic simulations ttioa
( °BoH=2B,) is a suf cient condition for stability. Heré& 1 tearings are unstable, [16] concluded to stability irrespe of
is the wave length of the tearing mode, H the CS thickness, andi/Te.
B, andB,, the lobe and normal magnetic elds. For an already Inclusion of Hall terms is an important improvement, but
thin CS (L 2000km), andB,=B, 20 we getLt > 30R., they are not sufcient to describe important kinetic effect
which is still much too large. Furthermore the WKB domain is Furthermore it is not clear that kinetic effects are limited
limited by k > (Bh,=HB,), and hencé.t < (2 B (H=B,). a small diffusion region at the electron scale (lfew km). In
Combining the two inequalities we nd that there is no para-this paper, we discuss the possible role of electron bowgse r
meter space for ion tearing instability to develop. Thib#ta onance, which has associated dissipation that occurs ktrthe
izing effect, called the electron compressibility, is tkto  ger scale of the CS. The electron bounce peribg)(is com-
the strong magnetization of CS electrons. In order to pveser parable to the proton gyroperiod in the lob&g ( ).

charge neutrality ions should follow electrons, which rieggsi In order to identify the dissipation mechanism, simulagion
more energy than available in the reversed eld con guratio runs with initially closed eld lines, where electrons can-u
Hence ion tearing instability is unlikely to develop. dergo several bounces, and carried out in a parameter regime

Pitch angle diffusion or electron stochasticity could em@  suchthafl,e T+, are needed. Note that the ralig=Ty +
the role normally played by collisions. It was thus suggeste depends on the mass ratio M/m which is used in the simulation.
that electron scattering could restore the ion tearing yore  Thus it is still unclear that X-lines can develop in a readist
ing the stabilization due to electron compressibility [b,This  collision-free plasma and remain stable for a long time.
idea was incorrect: it was found that what really matterfiés t . .
conservation of the number of electrons on a ux tube [14].3' Current disruption model(s)
Neither pitch angle diffusion nor electron stochasticitange ~~ The CD models are much less developed than reconnec-
signi cantly the number of electrons in the ux tube. tion models. Unlike tearing, the modes that disrupt Jy lead t
More recently [19] suggested that an untrapped electron p0|§12|mut_hal modulation. The premise is that once the CS gets
ulation could reduce the stabilizing effect associateti witpped Very thin, Jy can exceed the instability threshold [12]. ®he
electrons. [19] showed that transient/untrapped elestam hanced Jy can be produced by a strong ion pressure gradient,
modify the stability condition (above). They showed that in @s required for the ballooning instability (e.g. [17]). @Gant
clusion of untrapped electrons introduces a fa¢8¥i.=T i)? driven instabilities can interrupt or spatially d|ﬁgseettlall
in the Lembege and Pellat suf cient condition for stability current. In the latter case the total current remains theesam
Thus it seems there is still a window where ion tearings could?ut Jy decreases in the equatorial region. This decrease in J
develop ( 2BoL=2B,)(3Te=T))2 <Lt < B ,L=B,). For leads _to a I_ocal .d|pqlar|zat|on. For a f_uII substorm the cur-
Ti=Te 7, and the same parameters as above, wé get rent dlsru_ptlon/d|ffu3|on expands, leading to a more da_pol
6Re, implying that the CS should be homogeneous over at leagon guration over the whole plasma sheet. The dynamics of
6Re, which is still large. Marginal stability threshold &msis  this expansion depends on the non-linear evolution of the in
showed that collisionless tearing instability is much lssss- ~ stability and on the distribution of the currents. For a éarg
itive to the ratioT; =T than expected from the criterion quoted Substorm the instability is likely to develop in the near tBar
above [20]. That study also evaluated the growth rate anatfou Plasma sheet, magnetically conjugate to the equatorwasti mo
that when tearing modes are unstable they grow over a typic4Preakup) arcs, and then expand azimuthally and radialty ou
time scale of 5mn, which is too long for breakup. ward. o )
Thus, in a collision-free plasma, spontaneous reconnectio An earthward expansion is not ruled out in weak and/or
via tearing modes leading to X-line(s) formation does netise  Pseudo substorms with onset arcs at higher latitudes. Agtho
to be a viable mechanism to trigger substorms. Of course th#i€ instability mechanism is essentially the same, whatéee
formation of X-line(s) can be forced via external conditas ~ radial distance, the non linear evolution does produceufit
it is often the case in numerical simulations. effects at small and large distances. Indeed at large distan
Arti cially applied or numerical resistivity determinefi¢  ( 20Re and beyond), B is in general small enough that the in-
formation of X-line(s) in MHD simulations, which therefore Stability can reverse the sign of Bz, and thus the sense of the
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ow. Similarly changes in the currents can produce a negativ CS and the t overestimates the CS thickness and underestim-
Bz and lead to a magnetic null. Therefore an X-line/X-pointates the current. With these restrictions in mind we candry t
can be the consequence of current disruption. In the curremtvestigate a possible relation between CS dynamics and CS
disruption models the ion ow is produced by an inductive thickness.
electric eld: Ey = @A=@itwhere the characteristic time

is given by the time variation of the magnetic eld assoaibte [ 12/‘09,/20,01, : :30,0 N 1,329 o
with the dipolarization. Then the ion ow is simply given by g 2 g//’%“m“ﬁfv“w ,
the corresponding B=B?2. = oF

As alluded to above, CD/diffusion can be produced by dif- Z13F ]
ferent instabilities.T. Lui proposed that CD is achieved via _ T By :
lower hybrid drift or ion Weibel instability. The balloongrin- O N N
stability proposed byRoux et alwas investigated in a series _oE M
of papers, based upon MHD, multi- uid, and kinetic approach *;é,
[13] concluded that ballooning modes are generally staifide < Wgé: Bz
[11] concluded that ballooning modes are unstable for 1. OWWW
From a kinetic description carried out in a regime where both B '
ions and electrons are non-adiabatic, [8] concluded that ba & 20F Ey
looning modes are weakly unstable. E oF i

Given the short time scale of CD (and substorm breakup), “2°F
[15] suggested that the “high frequency”1 Hz) waves they 4 |29°¢
observe together with lower frequency (60s) ballooning modesg spoE Vx
can disrupt the parallel current associated with the mdidila o o a0
of the perpendicular current (Jy) by the ballooning modes. | _ ~388 =
the current sheet becomes very thin Jy has to be carried by -200f WWV\NN
electrons (see next section). Then high frequency waves cah g0t VY
act directly, disrupting Jy, as will be discussed later. 7838
4. Comparisons with observations s 125 Ix M

It is not easy to nd tests that could be applied to determ- =~ of——"_|
ine which model ts best observations. For example, thetexis _ BE
ence of a quadrupolar By is a candidate signature of a nearby$ ?2: Jy
diffusion region associated with an X-line. In fact this &in £ %w
of signature can also be produced by the eld aligned current 1ooo8§
associated with the development of the ballooning ingtgbil . socoE
Here we discuss tests that can be applied to Cluster data to5o0e WJ\/\\\M
discriminate the two types of theories. In particular, the d zgog;f\—”‘ﬁ
ection of the spatial perturbation. Tearing like pertuidyag = oE
correspond to radial modulation and therefore are characte : F s o
ized by kx(kx ky). On the other hand ballooning modes ¥ _.&

i = T L |- L L TR L

and current driven instabilities are characterized bydédtg
(ky kx). Thus a Hall structure should be essentially in-  13:00 13:05 13:10
variant by translation along the Y, and its magnetic S_Igmitu Fig. 1. Cluster led parameters for this event. H and Zo are
should be observed on By. On the other hand an azimuthally,. ~s thickness and center respectively. The two verticas
moving perturbation (ky) ShOUId lead to an azimuthal mOdU|abracket the lamentary magnetic structure ai3:15 and the

t'c.m of Jy and hence, via divJ=0, to localized lamentarydel associated local dipolarization (see end of section 4).

aligned current structures. The passage of a lamentaocstr

ture shoyld prpduce simultaneous perturbations on the By an Before 13:04 (not shown) the CS thickness decreases from
Bz. We investigate a substorm that developed on Septemberlooo()km £0 3000km. Low frequency (T5mn.) oscilla-

12, 2001, while the 4 Cluster s/c were inside a relativelgkhi tions are observed in tHe CS bl?t Ey gnd Vx rémain steady
current sheet (CS) for 45mn. A negative bay W‘_"IS observed_at and very small. Jx is negligible while Jy increases from 3 to
Tixi at 13:10, fol!owed_ by a positive bay at 13:15. Weak P|2,8 nA=m2. The ion velocity, Vyi 100km/sec. is suf cient to
observed at Kakioka, intensify after 13:10. carry the westward current. In Figure 1, between 13:04 and

Fields: Figure 1 shows relevant Cluster data. The s/c were 4. . .
o ; 3:15 the CS gets very thiH ~ 2000km or less, since only
located near midnight LT, at 19Re. The distance between the s/c3 remains inside it. Hendé . the ion Larmor radius in

s/c was of order 2000km, with s/c3 at a lower Z than the other . .
Estimates of CS thickness (H) and the location of CS centéugt!gggsioléaert%gr3\/?,:{: lgl;dﬁbfygggirsp(igaié dl%O? e;:r)e gcb

(Z0) based on ts to a Harris_, sheet are also incIu_ded. The tsserved. Panel 4 shows electric uctuations. During thisqmbr
are good when the magnetic components are d|ﬁerent at ﬂ\9xi (panel 5) seems to increases, but this enhancement can be
4sfc, and Bx different from Blobe (the s/c are inside the CS)'due to the nite radii effects in a very thin CS, as pointed out

As well, between 13:09 and 13:15, only one sfc is inside theOy [21]. In any case the estimated Vxi remains relativelylsma

13:15 13:20

€ 2006 ICS-8 Canada



266 Int. Conf. Substorms-8, 2006

Vi (panel 6) becomes negative, thus the Jy current, which is
positive and enhanced during this period, has to be cargied b
electrons. The large negative values of Vyi can be due to an
electric eld Ez, pointing towards CS center (e.g. [1]), or t

a nite radius effect (e.g. [21]), or both. During this pedio

the interspacecraft distance is at least the CS thicknedssso
likely underestimated, hencl > 10nA=m? (panel 7) and

Jy > 20nA=m?2 (panels 8). The increase in the current dens-
ity Jy and the decrease in the CS thickness are approximately
consistent with conservation of total current.

Between 13:15 and 13:20 large amplitude uctuations (
100 sec) continue to modulate Bx, but the amplitudes at the
4 s/c are similar and Bx decreases, indicating the CS is thick
These structures correspond to fastion ow burst&@00km/sec)
around 13:15:30. Examination of the ion distributions @di
ates that we are observing ion ow bursts (see below). Large
amplitude high frequency (HF) uctuations (B).5-2nT, E 5-
20mV/m) are simultaneously observed (see panel 4).

During the thinning of the CS (13:04-13:12) the s/c3 Bz
componentis weak and often changes sign. The s/c3 By com-
ponent increases and becomes very different from By at the
other three s/c. Thus By depends on how deep the s/c is in the
CS and so does not does not correspond to a uniformly a
plied guide eld. During this early period the variationsBf

are smaller than the variations of the other componentss Thu . o
the current density is essentially invariant along Y. Betwe Intensity uctuate. This initially very low energy populan of

13:12 and 13:158; is very small around 13:12:25, 13:13:00, (presumably) ionospheric electrons gains aboutlk_eV. Beitw
and 13:14:15. 15%5 nearycancelation does not correspond tc713:12 and 13:15 the electron energy suddenly increases at
a particular ion acceleration. Indeed the electric compbne S/c3, but the ux is highly sporadic. Simultaneously, the en

: : IR . ergy and ux decrease at s/c 1,2, and 4, suggesting they are in
Ey changes sign simultaneously, which indicates that idect - . ;
and magnetic uctuations correspond to low frequency uc- the BL. Hence, the CS is likely even thinner than during the

, : . previous period.
tuations propagating essentially eastward (they are sesin .
at C2 which is located to the west of the other s/c). After The energetic electrons observed on s/c3 correspond to a

- - o bursty electron population accelerated in the near ediahtor
13:13 (in part_|cular 1.3:15:30) thg variations of Bz and By are r gio%. Betweenp1§:15 and 13:19 the bursty electronqaeceler
cor?parable in amphtudg ﬁnd swnu_ltandeousf; theyE(l;?Ar/r?Eponﬁion continues, but now on all 4 sic, suggesting that the CS
to lamentary currents. Full resolution data from ig- ! o ' ; -
ure 1, panel 4) and STAFF (not shown) give evidence for larg as expanded irregularly. This is con rmed by an increase in

. i N Ly , just after 13:20 (not shown in Figure 1). After 13:19 the
amplitude (5-20 mv/m, 0.5-2nT) "HF" uctuations(10Hz). electron ux on the 4 s/c is more steady, less energetic, and

-Ia-lri]zeesde n%gff‘;gonﬁ ;Srf nCL?IPs ?ne(tjhlg rt;': Crllgt,i(k:)u;gey are not IOC'isotropic, again indicating a typical electron plasma shiee
q g ) summary, as the CS thins, we observe rst an accelerated iono

Electron Dynamics: Figure 2 displays PEACE parallel elec- : . .
tron uxes ov):er a Iongergtime perigd.)/Before 13F:)O4, the ener-Spherlc electron population merged with a deceleratednaias

getic electron (few keV) ux is about the same at the 4 sic sheet population, and then, as the CS gets even thinnety burs

consistent with the CS thickness being larger than the_imeraccelerated electrons.

spacecraft distance. Low energy, quasi- monoenergetie ele5. Discussion
trons (up to a few 100eV) are sporadically observed along wit  op September 12, 2001, Cluster monitored the thinning of
the quasi steady energeticfew keV) plasma sheet compon- he CS. From 13:04 to 13:12, as the CS thickness decreases
ent. This low energy component is only observed in paralleh,qy i, an initially low energy electron population shows
and anti-parallel uxes and the variations in the energiés o These electrons are accelerated up to 1 keV and their ux
these two components are in antiphase. After 13:04 the gnergs very large, at least at s/c3, which is closer to the equator
of plasma sheet electrons decreases at all s/c, but a compong he |ack of signi cant signature at s/c 1, 2, and 4 indicate t
with a very low initial energy is observed on s/c3. Its energyinis accelerated electron population is highly con nedrribe
increases up to 1keV as it merges with plasma sheet electror\%agnetic equator. Electrons are, however, eld alignethef
Figure 3 shows s/c3 antiparallel, perpendicular, and f@ral \ere accelerated in a diffusion region near a neutral line, t
electron uxes from 13:00 to 13:20. Around 13:04 (rst ver- By signature should change sign as Bx changes sign (at least
tical red line) we observe an accelerated electron comgoneryg long as Bz does not change sign). A large By component
The energy increases from 100eV to  1keV, when this s jndeed observed at s/c3 until 13:12 (Figure 1, panel 2), bu
component merges with the pre-existing plasma sheet popygy remains positive as Bx changes sign around 1308:30, and
lation. This electron structure is observed only on s/c3e Th g7 remains small but positive. Another interpretation stiou
enhanced ux around 1keV lasts7mn, but its energy and its e sought. We suggest that this initially low energy compone

F:ifig. 2. PEACE parallel electron energy uxes from the four s/c
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Fig. 3. s/c3 PEACE Electron energy uxes in 3 directions: o
opposite (top), perpendicular (middle), and parallel ttrod to B. 10000 T B
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is low energy electrons coming from the ionosphere or from’ A" Rl £5000 . isamts T ]
adjacent regions, and which are accelerated by a paradlel el i~ agﬁilij_ et }ﬂﬂj}!ﬁ:;ﬁ%ﬁ el
tric eld directed towards the equator (on both sides of the
equator), and con ned in the near equatorial region. Thiddto & o
also account for the arch- shaped structures observedebefor
13:04. The arch-shaped acceleration structures obsered b
fore 13:04, however, have much smaller uxes and reach lower oo F§F
energies (few 100eV). They should therefore corresponid wit, o}
much smaller parallel electric elds. In bqth cases trqp@led- oo i éi o) et
trons (plasma sheet) loose energy while passing ionospheri — = - o

electrons gain energy in the near equatorial region. Tlusris

sistent with the conservation of the total energy and of fs¢ & o
and second invariant for electrons. Data displayed in [eigdr

and 2 indicate that the energy reached by acceleratedaiectr ‘ I ‘ I ‘ I ‘ I ‘
is controlled by two factors: the distance from the equator, 1310 182 1e4 136 1e:a8 15:20
malized to the CS th'Ckn.eSS’ and. the modulation _by I_‘F Wave%ig. 4. Figure 5 shows the electron ux, integrated over pitch
Hence the parallel electric eld is induced (not static) ads-
sociated with the CS uctuations. A mechanism for the form-
ation of parallel electric elds, via uctuations in the ant

density, is discussed by [3]. s/c3, while Bz is small. Hence the Jx current corres
; ; . . , . pondsto a
Between 13:12 and 13:14 the amplitude of HF uctuationsyane sheet more or less invariant along Y. Yet, as pointéd ou

increases at s/c3 (see Figure 1, panel 4), while it decr@dses e the By signature does not correspond to that of a Hall
the other s/c. When the s/c leave the CS, as is the case when @lﬁrrent structure. At 13:15:40, and 13:17:40, large amplitude

do between 13:14:30 and 13:15, the uctuation level de@gas

e o uctuations are observed simultaneously on By and Bz; their
signi cantly. This indicates the waves are con ned to the,CS_ signatures correspond to lamentary currents. The moshpro

9nent structure is at 13:15:40. It corresponds to a lament
with the current along the X direction, notto a ux rope exten
ded along Y. As the structure is observed rst at s/c2, itisyrmo
fhg eastward. The same is true for the other structure wisich i
also propagating eastward. As pointed out in section 4, a sim
ultaneous By and Bz signature, and azimuthal propagat®n ar

-40

angle, together with the electric eld Ey. Largest Ey uctians
generally correspond to bursts of energetic electrons.

ure 4 illustrates the relation between HF uctuations aretel
tron acceleration. It shows the electron ux, integratedmoadl
pitch angles, versus time and energy. The electric comgone
of the (< 10Hz) HF uctuations (Ey ) is also plotted. Bursts of
energetic electrons (typically above 1keV) corresponditsts

in the amplitude of electric and magnetic HF uctuationsrbu o, 5ected for an instability which develops in the azimuttial
ing these bursts the amplitude of the waves is very large (tyPection and leads to a cancelation of the tail current. Inwita

ically 0.5- 2nT, 5-20 mV/m). The largest bursts occur betwee yis \ve observe that the CS thickens after the passage lof eac

13:12 and 13:14:30, for s/c3, and around 13:15 and 13:16, fQly\ctyre, as evidenced by large decreases in the Bx compon-

all s/c. The good correspondence between electron and wayg s For instance, the large amplitude structure obsémyl

bursts suggests that the waves heat the electrons. Given g4 g7 petween 13:15 and 13:16 precedes a decrease in the Bx
frequency range we expect that acceleration occurs viadoun comnanent at all s/c, and hence a decrease in the current dens

resonance. Indeed Thé@sec, for 4keV, which is comparable ity Jy. Current density perturbations move azimuthallyteas
to the period of the waves. It is suggested that HF/smalescal, 5 as expected from current disruption model.

uctuations accelerate and isotropize electrons. The ow velocity remains small until 13:15. Between 13:15
During the early period (13:04-13:12) BY) and large at y o '
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and 13:16 a fast ion ow burst takes place X000km/sec) 4.
while the CS thickness increases. This suggests the lament
ary eld aligned current structures produce a local redarctf 5.
Jy viar J=0, which leads to enhanced Ey, and earthward ion
acceleration. The induced electric eld Ey and ion ow Vx are 6.
linked to the variation of Jy@J=@t @E,=@%, which is

valid as long as@=@z @=@y; @5@&nmwr :E = 0. These 7.
conditions are ful lled for a thin CS, in the low frequencwiit.

For Jy2:1A=m?, H 2000km, and a rise time (for Ey or Vx)

t 25sec, we get Ey4dmV/m, consistent with that measured by 8.
EFW. For Ey 4mV/m, and Bz 5nT we get Vx 800km/sec.,

also in agreement with observations. Thus the short lafistg

ow bursts during the thickening of the CS can be interpreted 9.
as a consequence of the reduction in Jy.

6. Conclusions

In a collisionless plasma, spontaneous reconnectiona&ia te 10.

ing instability does not seem to be a viable mechanism to form
X-lines. In order to initiate magnetic reconnection the gags-
tion is to produce a larg@A=@tan inductive Ey). Since
the tearing instability is unlikely to develop in a collisiess
plasma,@ A=@thas to be achieved by (fast) changes in ex-
ternal conditions, or by local interruption of Jy over a ghor

time scale via an instability. We have shown here an exampl#3.

of how a large electric eld Ey can be induced by a fast re-
duction in the Jy current. This reduction is associated tith

development of lamentary current structures that can ltesu 14.

from the development of an azimuthally propagating (ky) mod

ulation (such as a ballooning mode), or from a smaller scalé5s.

instability that reduces the currents. Large amplitudg-@nT,
5-20 mV/m) high frequency uctuations are indeed observed

in association with the eastward travelling low frequenayc  16.

rent structures. These HF electromagnetic uctuationsare
ned in the thin active CS. Their close association with bsirs

of energetic electrons suggest that HF uctuations acester 17.

and isotropize the electrons. When the Jy current is cabyed
bouncing electrons, as it is the case for the event discussed
here, HF uctuations can directly reduce Jy by scatterinlgl e
aligned electrons, and/or reducing eld aligned curremts J

In summary we suggest that the reduction in the tail current
is achieved via a series of local "dipolarization” eventstsas
the ones described here. Then the dipolarization in the evhol
plasma sheet would result from the overall summation oflloca
events corresponding to interruption/diffusion of Jy. S he-
sembles a “chain reaction”.

21.
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