
Current sheets at low altitudes in the Martian magnetotail

J. S. Halekas,1 D. A. Brain,1 R. J. Lillis,1 M. O. Fillingim,1 D. L. Mitchell,1 and R. P. Lin1

Received 7 March 2006; revised 3 May 2006; accepted 17 May 2006; published 4 July 2006.

[1] We present observations of 1116 current sheet crossings
in the Martian magnetotail during one Martian year, as
identified from magnetic field rotations measured by Mars
Global Surveyor (MGS) at �400 km altitude and 2 am local
time. Crossings are observed everywhere except above
strong crustal fields, and many occur in clusters, with
preferred locations varying as a function of season and IMF
draping direction. Magnetic polarities are consistent with
day-side IMF draping directions and a two-lobe induced
magnetotail. Energetic ‘‘plasma sheet’’ electrons are often
absent, implying that currents can be carried by ions or low-
energy electrons, with thicknesses of <�100 km arguing for
electrons. The presence of a thin current sheet at low altitudes,
with specific seasons and IMF directions favored for some
geographic locations, implies that reconnection between
crustal fields and the draped IMF may play an important role
in its formation and location. Citation: Halekas, J. S., D. A.

Brain, R. J. Lillis, M. O. Fillingim, D. L. Mitchell, and R. P. Lin

(2006), Current sheets at low altitudes in the Martian magnetotail,

Geophys. Res. Lett., 33, L13101, doi:10.1029/2006GL026229.

1. Introduction

[2] The plasma environment of a planet with no global
magnetic field is fundamentally different from the terrestrial
magnetosphere. Solar wind plasma interacts directly with
the atmosphere, mass-loading the solar wind, slowing and
deflecting the flow, and draping magnetic field lines around
the ionosphere. However, as field lines drape around the
planet, they form an elongated two-lobed structure with a
central current sheet behind the planet, similar to the
geomagnetic tail.
[3] Current sheets have been observed in the induced

magnetotail of Mars (and also Venus) [Dubinin et al., 1991;
Luhmann et al., 1991,McComas et al., 1986], at altitudes of
thousands of km, far enough from Mars that the influence of
the strong crustal fields [Acuña et al., 1999] is small. The
upstream interplanetary magnetic field (IMF) clock angle
controls the orientation of tail lobes and current sheet,
consistent with IMF draping around Mars [Yeroshenko et
al., 1990].
[4] Recent observations from Mars Global Surveyor

(MGS) show that induced lobe magnetic fields and current
sheets can be observed at the �400 km MGS mapping orbit
[Ferguson et al., 2005]. This demonstrates that, even at low
altitude where the effects of crustal fields are important,
induced tail fields still play a significant role. Indeed, we
will find that we observe many current sheet crossings, even

at the low MGS orbital altitude, and that the orientation of
these current sheets is compatible with a two-lobe induced
magnetotail.

2. Example Current Sheet Crossing

[5] Figure 1 shows a typical nightside current sheet
crossing. Magnetic fields are shown in MSO (Mars Solar
Orbital) coordinates, with the X-axis toward the sun, the Z-
axis perpendicular to Mars’ orbital plane, and the Y-axis
therefore nearly anti-parallel to Mars’ orbital velocity.
Comparison with the FSU90 crustal field model [Cain et
al., 2003] (top) shows clearly that the field rotation is not
associated with crustal fields, though significant crustal
fields are seen before (north of) the crossing. A Bx reversal,
concurrent with near zero By and Bz, is consistent with a
transition between the two induced tail lobes.
[6] High fluxes of electrons with energies below 1 keV

are seen at the crossing, analogous to the terrestrial plasma
sheet. Pitch angle measurements show that this population
is nearly isotropic, though field-aligned flows toward Mars
exist before the crossing. Electrons may be accelerated by
tailward ~J � ~B magnetic tension forces [Dubinin et al.,
1993] or gain energy from the convection electric field by
executing trapped non-adiabatic orbits in the neutral sheet
[Ip, 1992].
[7] We calculate the current sheet normal using the well-

known minimum variance analysis introduced by Sonnerup
and Cahill [1967], and find a normal of [0.15, 0.87, �0.47].
The inferred geometry is shown in the inset in Figure 1. The
ratio between the second and third eigenvalues is 22.4,
indicating that the normal direction is well defined. MGS
travels a linear distance of 200 km across the current sheet,
which lies at an oblique angle to the orbit. The dot product
between the MGS velocity vector and the current sheet
normal is 0.223, implying a 45 km thick sheet. Previous
observations at Mars and Venus found thicknesses of 500 to
several thousand km [Dubinin et al., 1993; McComas et al.,
1986; Dubinin et al., 1991; Luhmann et al., 1991]; however,
these observations were also at much higher altitudes. The
magnetic field jump of �28 nT implies a current density of
�0.5mA/m3.

3. Current Sheet Distribution

[8] We searched the first Martian year of MGS nightside
mapping data (June 1999 through April 2001) and found
1116 current sheet crossing. We found crossings by exam-
ining magnetic field components, and also magnetic field
residuals with respect to the FSU90 model [Cain et al.,
2003], and searching for sharp reversals in the Bx compo-
nent at times when By and Bz were small compared to Bx. By
looking at residuals, we were able to find some current
sheets even in regions of moderate crustal fields. We
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