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Abstract. Multiple crossings of the magnetotail current
sheet by a single spacecraft give the possibility to distinguish
between two types of electric current density distribution:
single-peaked (Harris type current layer) and double-peaked
(bifurcated current sheet). Magnetic field measurements in
the Jovian magnetic tail by Voyager-2 reveal bifurcation of
the tail current sheet. The electric current density possesses
a minimum at the point of theBx-component reversal and
two maxima at the distance where the magnetic field strength
reaches 50% of its value in the tail lobe.
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1 Introduction

Satellite observations have shown that geotail current sheet
often exhibits two off-centered maxima of electric current
density. The first evidence for a bifurcated current sheet was
reported by Sergeev et al. (1993) using a dual satellite sys-
tem (ISEE). Statistical studies of Geotail current sheet cross-
ings in the distant (∼50–125RE) tail (Hoshino et al., 1996)
gave further evidence for the existense of bifurcated current
sheets. Direct measurements of electric current density by
the Cluster system of satellites (e.g. Runov et al., 2003, 2004,
2005; Sergeev et al., 2003) revealed a number of double
peaked current sheet crossings and thereby stimulated the-
oretical and model studies of the current sheet structure and
possible causes of its bifurcation (e.g. Sitnov et al., 2003;
Zelenyi et al., 2003; Ricci et al., 2004; Genot et al., 2005;
Camporeale and Lapenta, 2005). A first statistical analysis
of bifurcated current sheets (Asano et al., 2005) has shown
that they are a rather common feature of the Earth’s mag-
netosphere. Therefore, it is natural to expect that this phe-
nomenon exists in the magnetotail of any planet possessing
an intrinsic magnetic field and to search for its presence.
Single-satellite magnetic field measurements in the magne-
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tospheres of giant planets do not allow one to calculate the
electric current density. Hoshino et al. (1996) used the his-
togram of the occurrence frequency of theBx-component of
the magnetic field. The histogram should possess nearBx=0
a pronounced maximum for the case of a bifurcated current
sheet and a minimum for the case of a single-peaked current
sheet. While multi-satellite Cluster measurements have been
given credit for pioneering statistical analysis of the bifur-
cated current sheet, the method used by Hoshino et al. (1996)
for Geotail data can hardly be applied to magnetotails of the
outer planets because of relatively poor (as compared to Geo-
tail) statistics. In this paper, we propose a simple method, en-
abling us to reveal current sheet splitting from single-satellite
data. We analyze Voyager-2 magnetic field data in the Jovian
magnetic tail and show that, at least in one case, the current
sheet has an off-centered double peak structure.

2 Method

Using multiple crossings of the magnetotail current sheet, it
is possible to distinguish between the single-peaked and bi-
furcated layers in the following way. Let us use the coordi-
nate systemX, Y , Z, in whichXY is the plane of the current
sheet, theY -axis is antiparallel to the current direction andz

= 0 corresponds to the current sheet center, i.e.Bx=0 atz=0.
Generally, the magnetic field in the tail is a certain function
of position, the set of solar wind parametersPi (like density,
velocity, etc.), and, maybe, the time:

B = B(x(t), y(t), z(t), Pi(t); t) . (1)

However, it is obvious that in the vicinity of the current sheet
(i.e. close toz=0), the dependence ofB on z is dominant
(as compared with the dependencies on other parameters).
The dependence ofB on changing solar wind parameters can
also be neglected if the time period of multiple current sheet
crossings is short. Therefore,

Bx = Bx(x(t), y(t), z(t), Pi(t); t) ≈ Bx(z) (2)

can be considered as a measure of the satellite distance from
the point ofBx-component reversal (z=0). (Of course, ifBx

increases monotonously withz.)
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Fig. 1. Crossings of Jovian magnetotail current sheet by Voyager-2:
Bx -component during 13–19 July 1979.

Multiple current sheet crossings occur because of chang-
ing satellite position, z, with time, due to the tail flapping
motion. Thus, the observed time series of magnetic field
measurements isBx(t)≈Bx(z(t)).

Hence, the measurable full derivativedBx /dt is

dBx

dt
=

∂Bx

∂z

dz

dt
. (3)

The electric current density is proportional to∂Bx /∂z, and
dz/dtis the vertical component of the velocity of the tail mo-
tion. The measurements provide us with sets of simultane-
ous values ofdBx /dt andBx . AveragingdBx /dt for given
values ofBx (which is equivalent to the averaging over time)
we can find the functional dependence of<dBx /dt> on Bx ,
i.e. on the distance from the current sheet center. Obviously,
<dz/dt>≈0 for multiple crossings of the current sheet, since
they occur because of quasi-periodical oscillations of the tail
in thez-direction. Hence,<dBx /dt>≈0. On the other hand,
<|dz/dt|> 6=0 and has a maximum nearz=0 (Bx=0). (The
maximum may be somewhat shifted with respect toz=0 be-
cause of the global motion of the current sheet in thez-
direction, but the very existence of a multiple crossing means
that the flapping motion is much faster than the average mo-
tion of the sheet, so the shift is small.) The derivative∂Bx /∂z

is always positive because of the choice of coordinate sys-
tem, so that〈∣∣∣∣dBx

dt

∣∣∣∣〉 =
∂Bx

∂z

〈∣∣∣∣dz

dt

∣∣∣∣〉 (4)

and the dependence of<|dBx /dt|> on Bx enables us to dis-
tinguish between different types of distribution of the elec-
tric current density. Indeed, for the single-peaked current
sheet∂Bx /∂z has a maximum atz=0 (Bx=0) and<|dBx /dt|>
will also have a maximum withBx=0. On the contrary, if

Fig. 2. Bx -component during multiple crossing of the Jovian mag-
netotail current sheet on 15 July 1979, at 16:00–17:40.

<|dBx /dt|> possesses two off-centered maxima and the min-
imum atBx=0, this means that∂Bx /∂z also has two maxima
and the current sheet is bifurcated. Of course, these are two
extreme cases, and it is impossible to judge the current sheet
structure, if the maxima of<|dBx /dt|> are not clearly de-
fined.

3 Multiple crossing of the Jovian magnetotail current
sheet

During the Voyager 2 encounter with Jupiter in July 1979,
the magnetotail current sheet was crossed many times (Be-
hannon et al., 1981). Figure 1 shows theBx-component
of the magnetic field for the period 13-19 July 1979. The
spacecraft appeared periodically in the northern and south-
ern lobes of the Jovian magnetic tail because of global tail
motion, due to the rotation of the tilted magnetic dipole of
the planet. One can see, however, that the strength of the
lobe field changed mainly with the distance from the planet,
and, therefore, it was indeed possible to neglect the depen-
dence of the lobe field on varying solar wind parameters.
The individual passes from the northern to the southern tail
lobe and vice versa sometimes exhibit multiple crossings of
the magnetotail current sheet, due to quasi-periodical oscil-
lations of the current sheet position on the background of
slow periodic variations because of the rotation of the tilted
magnetic dipole. Figure 2 shows such a multiple crossing
which occured on 15 July 1979, at 16:00–17:40 at the dis-
tance of 65RJ in the tail. During this period,Bx changed
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Fig. 3. Averaged<|dBx /dt|> depending onBx .

its sign 7 times. The full derivative,dBx /dt, was calcu-
lated [Bx(t+1t)–Bx(t−1t)]/21t and was put into corre-
spondance toBx(t). (1t was equal to 1.92 s.) The obtained
values of|dBx /dt| were averaged in 0.5 nT bins of the corre-
spondingBx values. The resulting<|dBx /dt|> is shown in
Fig. 3 as a function ofBx . Vertical bars show r.m.s. values
for each bin. Distribution of<|dBx /dt|> exhibits two dis-
tinct maxima and the minimum atBx=0, i.e. atz=0. Thus,
we arrive at the conclusion that on 15 July 1979, at 16:00–
17:40, Voyager 2 crossed the bifurcated current sheet in the
Jovian magnetic tail. For other current sheet crossings shown
in Fig. 1, the maxima of<|dBx /dt|> are not distinct enough
in order to judge the sheet structure.

4 Conclusions

One undoubted case of a split current sheet crossing is found
in Voyager-2 data. The structure of the bifurcated current
sheet in the Jovian magnetic tail is similar to that of the bi-
furcated current sheets observed in the geomagnetic tail by
Cluster satellites. The electric current density has maxima
at the distance from theBx-component reversal, where the
magnetic field strength reaches 50% of the magnetic field in
the tail lobe.
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