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Abstract. lon density, velocity and temperature, measureduration with a single spacecraft. Previous studies with ISEE-
by Cluster spacecraft in the plasma sheet during an isolated/2 dual s/c system gave only one example of a bifurcated
substorm at 10:20-11:15 UT, 29 August 2001 are discussedhin current sheet (Sergeev et al., 1993). Other arguments
The Custer/CODIF data for subinterval 10:55-11:03 UT, for the existence of bifurcated sheets (indirect, based primar-
during which a bifurcation of the current sheet was detectedijly on the B-field occurrence distribution) have been given by
are studied in particular. Itis shown that ion density and tem-Hoshino et al. (1996), although they refer to the distant tail
perature have a plateau-like profile in the central part of theplasma sheet, where the properties are different from those
bifurcated current sheet. An enhanced proton flow directedn the near- and mid-tail regions. Further evidence of cur-
in positive Ygsm was detected during the selected subinter-rent bifurcation have been recently obtained by Asano et al.
val. Other components of proton bulk velocity are found to (2003), who analyzed the current densities obtained from ion
be negligibly small, i.e. the structure is likely not directly and electron velocities measured by the Geotail spacecraft.
associated with magnetic reconnection. Alternative models, Using four-point magnetic field measurements by Cluster
including ion anisotropy and localized magnetic turbulence,spacecraft, Nakamura et al. (2002) found a current sheet with
which result in a two-peak profile of the current density, are an off-center (displaced fron8,=0) peak of the magnetic

discussed briefly. field gradient during fast earthward flow. Runov et al. (2003)
Key words. Magnetospheric physics (magnetotail, masmastudied the orientation and structure of the current sheet dur-
sheet) ing 10:55-11:07 UT on 29 August 2001 by the analysis of

multi-point magnetic field measurements. Using the Cluster
tetrahedron configuration the vertical magnetic field gradi-
) ent was estimated as a difference betw&egy components
1 Introduction of the magnetic field, measured by three spacecraft, forming
. . a triangle in a plane approximately parallel to the magnetic
Observa}tlons of the magnetotau! cur rent sheet anq theoret'équato% and foSrth spaF():Fe)craft, Ioczi/tepd 1700 km southv?ard. It
cal studies of current sheet equilibrium and evolution show

that the spatial structure of the current sheet is often dif'fer-Was shown that during 10:55-11:03 UT the vertical magnetic

. . . field gradient has a maximum value at meBp of a half
ent from the simple 1-D model (Harris, 1962) with a broa_d lobe value and minimum atB,)~0. Assuming the north-

maximum of current density in the sheet center, and can ing, . symmetry of the current sheet we concluded that dur-

clude a strong current in the central region (embedded thln|ng this interval the current sheet is bifurcated (two current

current sheets, see, e.g. Sitnov et al., 2000) or more compliz . -
cated distributions with double off-center peaks, i.e. bifur- layers separated by a layer of weak uniform magnetic field).

cated current sheets (see, e.g. Delcourt and Belmond, 1998, Recently, Sergeev etal. (2003) reported on another exam-
and references therein) ple of a bifurcated current sheet, observed by Cluster on 26

The observational evidence for bifurcated current sheets iéeptgmbgr 2?]01' Again, the magnetlicOﬁSeld gra(cjileri)t (Ordcur-
still very scarce because of difficulties to reconstructing the®Nt ensity) has two maxima @B, )~=+0.55, and a broa

spatial profile of the magnetic shear in a time varying config-m'mmum n between._ It was shown that the plasma den-
sity has a plateau profile between the peaks of the enhanced

Correspondence toA. Runov magnetic field gradient. The analysis of the magnetic field
(andrei.runov@oeaw.ac.at) measurements’ occurrence over the current sheet crossing
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40-60. Since on 26 September Cluster crossed the current'E_ ?g
sheet fromB,~25 to B,~—25nT, the separate analysis of £ R T T
the orientation in the northern half and southern one showed 6 7 8 9 10 1 12
that this wave is a kink-like one. The quasi-period of the 2001-08-29 Universal Time, hours
wave in both the 29 August and 26 September events was
found to be of 90-100s. Fig. 2. Solar wind parameters from ACE;, Y, Z (GSE) IMF com-

ponents, proton number densify;component of proton bulk ve-

B e e R % o i roun e magntamter it CANGPL ot
' y ork (Dawson) for 06:00-12:00 UT, 29 August 2001. Dashed lines

ter on 29 August 2001, using solar \{vind data, ground-base%/isplay the time shift of 53 min between ACE and ground-based
data and data from the Cluster/CISg(Re et al., 2001) ex-  yata.

periment to i) establish a correspondence between the bifur-
cated current sheet observation and the substorm phase, ii) to
analyze the plasma properties within the bifurcated currentecords, H.,- and H,-components from the GOES-10
sheet, and iii) to compare these features for the 29 Augusspacecraft during 06:00-12:00 UT.
2001 and 26 September 2001 cases. Some relevant theoreti- The CANOPUS record shows the westward auroral elec-
cal models are reviewed in the Discussion. trojet activation at 10:28 UT. The maximum negative bay am-
plitude is of 500 nT (Dawson). According to ACE data the
solar wind was about460-480 km/s, which gives a trans-
2 29 August, 10:20-11:15 UT: Data overview port time from the L1 point of 5255 min. The isolated sub-
storm with onset at 10:28 UT was caused by a solar wind
During 10:20-11:15 UT Cluster was located at acceleration accompanied by negative IMF(—3nT) and
(—193,-1.2,1.2) R (GSM coordinate system is used positive By (~2nT) variations at 09:30-09:37 UT.
throughout this paper). The corresponding geographic The GOES-10 spacecraft, located at the nightside detects
projection of the Cluster trajectory (T96 model is used) an increase in thél.-component from 28 nT to 39 nT, start-
and the Cluster tetrahedron configuration with the s/c# 3ing at~09:00 UT, which corresponds to magnetotail stretch-
as a reference point are shown in Fig. 1. Figure 2 showsng during the substorm growth phase, and a decreagg in
the y- and z-components of the interplanetary magnetic at~10:30 UT, followed by an increase #, from 70 nT to
field and x-component of the solar wind velocity from 85nT at~10:40 UT, which is a signature of dipolarization.
ACE spacecraft, located around the L1 libration point, the At ~10:35 UT and at~10:45 UT short-time injections of
H-components of the CANOPUS network magnetometerparticles were detected by the LANL 1991-080 spacecraft
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Fig. 3. CANOPUS (Dawson) magnetogram and Cluster/FGM and
CIS-CODIF measurements in magnetotail during 10:20-11:15 UT, At 10:28 UT (the electrojet onset time) Cluster was located
29 August 2001. in the central plasma sheeB(~10-13nT, N,~0.3 cnt,
Bp~3-5). TheDB./DZ, which is a proxy for cross-tail
current density, varies from 2 to 4nTAKm. Starting at
(not shown), located near midnight. The energy of elec-~10:31 UT (intervalA) Cluster detects signatures of plas-
trons, observed by LANL 1991-080, jumps fronb00eV ~ moid and post-plasmoid flow: negative variation By fol-
to ~10keV at~10:35 UT and remains at this level until lowed by an~7 min long interval of negativé, with mini-
~11:30 UT. mum value of-5 nT and negativ&’, about—500 km/s. Dur-
Figure 3 shows the magnetic field, proton density anding interval A the total and plasma pressures drop to 0.1
bulk velocity from Cluster/FGM (Balogh et al., 2001) and and 0.2 nPa, respectively, magnetic pressure increases up to
CIS-CODIF (RRme et al., 2001) together with the Dawson 0.15nPa, ang,~0.9.
magnetometer record for the interval 10:20-11:15 UT. Cal- At ~10:46 UT (intervalB) a negative variation ok and
culatedX andY components of the magnetic field vertical ¥ magnetic field components, associated with tailward pro-
gradient, which are differences betwe¥nandY magnetic  ton flow with velocity of —800 km/s, were detected by the
field components, measured by three northern s/c (#1, 2most southern s/c 3. At the same time the other three space-
4) and the s/c 3,0 B, and DBy), divided by the distance craft detect no plasma flow and a magnetic field of 20nT.
between three northern spacecraft and sl3£€1700km);  The DB,/DZ is ~6—7 nT/1G km, which corresponds to a
magnetic, plasma (Honly), and total pressures and proton current density of about 4 nAfn The value ofDB,/DZ is
B for this interval are shown in Fig. 4. also about 6 nT/1%km, thus the current has a field-aligned
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found that the set aB, variations during interval’ is caused
by waves propagating in theY direction polarized iry —Z
] plane. Normal vector rotations were found in a range of 30—
35°.
During intervalD Cluster slowly crossed the neutral sheet.
] The spatial structure of the magnetic field gradient during
. . this interval was studied by Runov et al. (2003). It was found
' M N ot v ety el Rttt : that the current density has a maximum valug,at0, which
s > L 7:71@7 %?g'&*m&oié)*f%ic")o%& 77777777 is expected from standard models.
2 oaf TaT *‘9&4} ] It ig worth noting that fromf_vlo:30:00 to 10:55:30 UT
ng& the tailward bulk proton flow with the velocity 6500 km/s
. . . . was detected each time a spacecraft enters the plasma sheet
x 80F ‘ ‘ ‘ ] (8,~1). At the beginning of interval the character of
% O e o AL EEE LT the plasma flow changes abruptly. The tailward flow with
o R0 00 g wﬁ*ﬁw#?‘ﬁ’@w V,~—600km/s, detected at 10:55 UT when Cluster enters
8 4opTanmmmmE [N ‘7‘;7;.;5 7777777777 the current sheet, terminates at 10:55:30 UT, and a dawn-to-
q 20} T, 7 dusk intensive flow with a smaf-component started. This
= 0L s s s proton flow gradually decreases over interv@lsnd D and
T T T . T passes away at11:10 UT.
é 400} t+<>°0<>° to :o%% ]
< + o+ H +¢*<>+%+ P2y +°*z§*©o+<7*¢*° . o .
> 200 +0r %{-5 TRt 0 4@+ i 3 lon properties within the bifurcated current sheet
ol 1 1 1 It was shown by the analysis of the FGM data in our previ-
0 5 10 15 20 ous paper (Runov et al., 2003) that the vertical gradient of
<By>, nT the magnetic field (which is the main part of the cross-tail

current) has a maximum value &, )~0.5 By, where(B,)
Fig. 5. Distributions of magnetic field differenceD@y), plasma is the mean magnetic field of the northern group of s/c (#1,
density, perpendicular temperature aricomponent of bulk ve- 2, 4) and the most southern one (s/c, 3). This structure with
locity versus(By) during intervalC (see explanations in the text).  off-center current density maximum was interpreted as the
bifurcated or double-peak current sheet.

Figure 5 shows the difference betweéB,) o4 (Mmean
component. Just after the detection of the strong magvalue from the northern group of spacecraft) aBgs,
netic field gradient thgg,, drops from about 1 to values of proton number density, proton temperatures parallel and
103, the proton density decreases abruptly from 0.18m perpendicular to the magnetic field, andcomponent of
to ~0.005 cn13, which indicates that Cluster passed from the proton bulk velocity from Cluster/CIS-CODIF versus
the plasma sheet into the northern magnetotail lobe, crossingp, )=0.5((B, ) 124+ By 3). We cut the profiles of density, tem-
the intensive current at the PSBL-lobe boundary. perature and velocity a&/=0.04 cn 3. The hodogranD B,

Atabout 10:55 UT (interval’), at the peak o H on Daw-  versus(B,) shows that during interval’ (~7 min) the cur-
son record, a drop in the magnetic field, a jump in the plasmaent has an off-center maximum ne& )~10 nT, and a deep
density to~0.2 and a jump in thes, from ~0.005 up to  minimum (D B,~0) near(B,)=0.
10 were detected by all four spacecraft, which indicates an The vertical profiles of the proton density from s/c 1, 3 and
entrance to the plasma sheet. Th&,/DZ also jumps at 4 show a plateau wittv,, varying between 14—0.22 cnt3
10:55:00-10:55:30 UT up to 7nT/ARm (~4nA/n?). At  within the central part of the sheet <®,<10nT) and
the same time, thedB,/DZ shows no significant varia- sharply decreasing ak,>10nT. Similar behaviour of the
tion, thus the current is directed mostly in the dawn-to-duskplasma density was observed by Sergeev et al. (2003) within
(Yesw) direction. TheY-component of the proton bulk ve- the bifurcated current sheet (26 September 2001 event). In
locity increases quickly up to 400 km/s. The total pressure ishoth cases the average plasma density in the central part
nearly conserved across this discontinuity. of the current sheet is-0.2 cnT3, which is slightly lower
During intervalC Cluster detects a set of negative varia- than the average density of33-0.4 cm2 found by Baumjo-
tions in B, and an enhanced duskward proton bulk flow with hann et al. (1989) from a statistical analysis of AMPTE/IRM
the velocity of 500-300 kmg'. Time variations oD B,/DZ spacecraft data within geocentric distances R&19Rf.
(Fig. 4) show that the current density is larger near the cur- The average temperature withigeB, <10nT is~50 MK
rent sheet-lobe boundary than in the cenBe=£0). Aswas  (~5keV), which is a typical average value in the central
shown by Runov et al. (2003) the current sheet has a bifurplasma sheet (Baumjohann et al., 1989). The perpendicu-
cated structure with off-center maximum of the vertical gra- lar temperature has small spread and increases roughly lin-
dient of the magnetic field during this interval. It was also early from 20 MK (~2keV) at B,=15nT up to 50 MK at
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B,=10nT, has a nearly flat profile and varies within 40—  Another possible mechanism of a bifurcated current sheet
60 MK at 0<B, <10nT. The parallel temperature has a large formation is magnetic turbulence, concentrated in a quasi-
spread and is not shown. neutral sheet (see, e.g. Greco et al., 2002, and references
The profile of theY-component of the proton bulk ve- therein). A series of numerical experiments shows that a
locity also shows a nearly flat (with a tendency to decreasedouble humped profile of the current density appears if the
with B,—0) profile in the central part of the sheet. An magnetic fluctuation§ B>0.2Bo, where By is the magnetic
average valueV, at 0<B,<10nT is of 200km/s. Out of field outside the current sheet, and the normal component of
the central part, at 0B, <18nT, theV, is spread within  the field ¢,) is less than 0.07. lon density and ion temper-
200-500km/s. Values and the spatial behaviourVgfin ature also display plateau-like profiles within the sheet. The
this case differ significantly from the average ion velocity in Y-component of the ion bulk velocity, resulting from the sim-
the central plasma sheet found by Baumjohann et al. (1989)lations, shows a two-hump profile with a local minimum in
According to their analysis, the ion velocity &t<—14R;  the center of the sheeB(=0). It was found that with in-
is roughly constant about 600 km/s. creasingb,,, a largers B is required to obtain the current bi-
furcation. With growth ob,, the “valley” between two peaks
of current becomes less deep.
Properties of the magnetic turbulence during 10:55—
11:35 UT on 29 August were analyzed byoNis et al.

) , . (2003). They calculated the Local Intermittence Measure
Two examples of the magnetotail current sheet b|furcat|0n,(L|M) as an indicator of the magnetic field turbulent prop-

found from Cluster observations during the 2001 tail seasOngties The enhancement of a large scale (characteristic time
show similar properties: off-center peaks of the magnetiCqc4je;—40 s) was found during interval. At the same time,
field gradient, an extended layer of weak uniform magnetic, o javel of the small scale LIMc0.4 ) remains on a base

field, and a plateau in the plasma density profile between thg, e \which means that the magnetic field fluctuations in this
peaks of the gradient. Because thecomponent of the pro-  gcje are negligible. The difference between large-scale and
ton bulk velocity is negligibly small in both cases, we can gy j).scale LIM indicates an absence of a turbulent cascade
not directly attribute the bifurcation to magnetic reconnec-\yithin this interval. We analyzed also the variability of mag-
tion, as it was done by Sergeev et al. (1993) and Hoshing,gic field within the current sheet and have found that the
etal. (1996). standard deviations(B,) calculated for each 1 nT bin, where
As it was shown by Arzner and Scholer (2001) and by p, is the detrended magnetic field, obtained by subtraction
Asano (2001) current sheet bifurcation may be a feature obf linear trend from the original magnetic field time series
a post-plasmoid plasma sheet (PPPS). The time history ofor each 8s interval, has a tendency to increase towards the
the event (Fig. 3) shows the signatures of plasmoid and posicyrrent sheet centeB(=0), but the ratioo B;/Bo, Where
plasmoid tailward plasma flow during intervals B and at ;) is the mean magnetic field, calculated for the whole inter-
the beginning of the interval’. Asano (2001) has shown ya| ¢ for all four spacecraft, is about 0.1, which is less than
that in PPPS ion flow, mostly tailward, also has a duskwardihe model requirement for the observed normal component
component. In our case the proton flow is mostly duskward.bnNO_oz_
Arzner and Scholer (2001) and Asano (2001) also showed The proton flow with largeV,, detected within intervals
that electrons are the main carriers of the current in PPPS¢ gnd p may cause the Kelvin-Helmholtz (KH) instability,
and an ion input to the total current is smaller. This differ- \ynich results in the set of the magnetic field variations dur-
ence between electron and ion motions produces the 3-D Ha||qg the intervalC (Nakagawa and Nishida, 1989; Yoon et al.,
current system. Observations show, however, only the Crosst9ge). In this case the total pressure fluctuatiobs; are ex-
tail component of the current density (see Fig. 4). pected to be of 0.B,,; (Yoon et al., 1996), which is not con-
Recently, Sitnov et al. (2003) have shown that the gen-irmed by the observation (Fig. 4). Karimbadi et al. (2003)
eralization of the Harris model, assuming ion temperatureshowed by full particle and hybrid simulations that the ve-
anisotropy outside the current sheet, gives rise to an equilibtocity shear, resulting from the presence of secondary ion
rium configuration with a bifurcated current. They found that population, drives the ion-ion kink (IIK) mode instability,
the formation of the bifurcated current sheet with a flat pro-which producesB, variations similar to the observed, and
file of plasma density becomes possiblefor-T) (pancake  a displacement of the current peak from the sheet center to
ion distribution) with the anisotropy rati®, /7j~1.1-1.2.  lobes. The calculated wavelength (28) and period (90s)
Calculation results display the profiles of current and plasmaare close to the values which were found by Runov et al.
densities similar to observations. The cross-tail ion velocity (2003) and Sergeev et al. (2003).
profile resulting from the calculation has a local maximum
nearB,~0.7 By and has a tendency to decrease v#ith~0
(M. Sitnov, private communication, 2003), which is close 5 Conclusions
to the observations. The anisotropy of 10-20% could not
be, however, resolved from the temperature measurements e analyzed the evolution of plasma/current sheet structure
prove an adequacy of this model to the observation. for the isolated substorm on 10:20-11:15 UT, 29 August

4 Discussion
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2001, using magnetic field and plasma data from ClusteiDelcourt, D. C. and Belmond, G.: lon dynamics at the earthward
spacecraft, located mostly in the central plasma sheet. It termination of the magnetotail current sheet, J. Geophys. Res.,
was found that during-7 min around amA E peak the cur- 103, 4605-4613, 1998.

rent sheet had a bifurcated structure with the off-center curGreco, A., Taktakishvili, A. L., Zimbardo, G., Vetri, P., and Zelenyi,
rent density maxima and an extended layer of a weak uni- L. M.: lon dynamics in the near-Earth magnetotail: Magnetl_c tl_Jr-
form magnetic field in the vicinity oB,=0. The analysis of bulence versus normal component of the average magnetic field,

. .. . J. Geophys. Res., 107, 1267, doi:10.1029/2002JA009270, 2002.
plasma data during this interval showed that plasma densn.yl’—larris, E. G.: On a plasma sheet separating regions of oppositly

as well as plasma temp?rature' had a plateau-like profile in directed magnetic field, Nuovo Cimento, 23, 115-121, 1962.
the central layer of the bifurcated current sheet and abruptlyoshino, M., Nishida, A., Mukai, T., Saito, Y., Yamamoto, T. and
decrease at the plasma sheet/lobe boundary, which is associ- kokubun, S.: Structure of plasma sheet in magnetotail: Double-
ated with the layer of current density enhancement. peaked electric current sheet, J. Geophys. Res., 101, 24 775—
The extraordinary result is that current sheet bifurcation 24786, 1996.
was associated with enhanced proton bulk velocity directedKarimbadi, H., Pritchett, P. L., Daughton, W. and Krauss-
in +Ygsm With a maximal value of 400 km/s. Other compo- Varban, D.: lon-ion kink instability in the magnetotail: 2
nents of the proton velocity are negligibly small. An originof ~ Three-dimensional full particle and hybrid simulations and
this proton flow, which may be a cause of KH and IIK insta- ~ comparison with observations J. Geophys. Res., 108, 1401,
bilities, remains unclear. Because no tailward or earthwarq\l d0|.10.1029/2003JA01_0109, _2003' o
strong flow was detected, we cannot directly attribute the cur- akagawa, T., and Nishida, A.: Southward magnetic field in the
. . ' . . neutral sheet produced by wavy motions propagating in the
rent gheet bifurcation tp the magngtlc reconngctlon Process. yawn-dusk direction, Geophys. Res. Lett., 16(11), 12651268,
We discussed alternative mechanisms of a bifurcated sheet 1ggg.
formation, based on ion anisotropy (Sitnov et al., 2003) andyakamura, R., Baumjohann, W., Runov, A., Volwerk, M., Zhang,
on magnetic turbulence, concentrated in the central part of T. L., Klecker, B., Bogdanova, Y., Roux, A., Balogh, A.,
the sheet (Greco et al., 2002). Both models give results simi- Reme, H., Sauvaud, J. A., and Frey, H. U.: Fast flows dur-
lar to observations, but the conditions required by the models ing current sheet thinning, Geophys. Res. Lett., 29(29), 2140,

are not completely satisfied in the considered case. doi:10.1029/2002GL 016200, 2002.
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