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Abstract. We present multi-spacecraft measurements of a quasi-parallel shock crossing obtained
by the Cluster satellites. Observations commonly show the presence of Short Large-Amplitude
Magnetic Structures (SLAMS) at the Earth’s quasi-parallel bow shock. These structures are thought
to play an important role for decelerating, heating and deflecting the incident solar wind. We
investigate the electric potential over SLAMS in the Normal Incidence FrameΦNIF as a possible
means for achieving thermalisation in the foreshock region of the Earth’s quasi-parallel bow shock.
We show that SLAMS exhibit a substantial electric potential on the order of a few hundred Volt
(V). Thus at the Earth’s quasi-parallel bow shock, these structures may be important for dissipation
that transforms the ram energy of the solar wind bulk flow into thermal energy. SLAMS might be
responsible for returning particles, that have been reflected at the shock and whose guiding centre
motion is pointing upstream, back to the shock.
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INTRODUCTION

A major controlling factor for collisionless shocks is the angleθBn between the upstream
magnetic field and the shock normal. At quasi-perpendicular shocks (θBn > 45◦), a
significant part of the incoming solar wind ions is immediatly convected downstream
after the first gyration where they are subsequently thermalised.

Under quasi-parallel conditions (θBn < 45◦), the guiding centre motion of specularly
reflected particles is pointed upstream and these particles may easily escape from the
shock and propagate far upstream along magnetic field lines [1]. These specularly re-
flected particles cannot directly contribute to downstream thermalization in this shock
geometry. Dissipation has to be achieved by other means, e.g., by waves that are gen-
erated by the backstreaming, reflected ions and shock-generated waves. These waves
in their turn may point the guiding centre of reflected ions downstream again due to a
slowly changingθBn.

Incoming solar wind ions may interact with backstreaming, reflected ions. These
interactions lead to the generation of low-frequency (ULF) waves [2] via an ion-ion
beam instability. Some of the ULF waves steepen and form so-called Short Large-
Amplitude Magnetic Structures (SLAMS) during their approach towards the shock [3].
A model of the quasi-parallel bow shock emerged in which the shock is considered
a patchwork of SLAMS [4]. The shock is cyclically reforming as these structures are
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FIGURE 1. Cluster observations of a quasi-parallel shock crossing on February 3, 2002. Panel (a): The
magnetic field amplitudeB for a 23 minutes period (UT 04:22-04:45) obtained by Cluster 1 is shown.
Panel (b) displaysB for a 1 minute period (UT 04:50-04:51) for all four spaceraft. Note the Cluster colour
notation: black, red, green, blue for spacecraft 1, 2, 3, 4, respectively.

convected into the shock by the solar wind. Note that SLAMS are produced far upstream
in this scenario. However, some questions concerning the importance of SLAMS for
pre-dissipation in the foreshock region of the quasi-parallel shock have not yet been
investigated. The electric potential can, in combination with other mechanisms, be
responsible for the dissipation of solar wind energy at SLAMS. It was thus an obvious
question to investigate the electric potential over SLAMS.

INSTRUMENTATION

The data for this study are obtained by the Electric Field and Wave (EFW) instrument [5]
onboard the four Cluster spacecraft [6]. It consists of two pairs of spherical probes on
wire booms in the spin plane of each satellite. The separation between each probe pair
is 88 m. For the data presented here, the electric field data are sampled at 25 Hz using
a lowpass filter at 10 Hz. We also present data from the fluxgate magnetometer (FGM)
instrument [7] in the analysis.
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FIGURE 2. Cluster observations on February 3, 2002, UT 04:30:58.0 - 04:30:59.5. Panel (a) shows an
example of the cross-SLAMS potential in the Normal Incidence FrameΦNIF for spacecraft 2. Panel (b)
displays the corresponding magnetic field magnitudeB.

OBSERVATIONS

Figure 1 shows magnetic field data during a supercritical, quasi-parallel shock crossing
on February 3, 2002, as observed by the Cluster spacecraft. Note that the spacecraft
separation during these observations was on the order of 100 km. The satellites were po-
sitioned at (11, 2, -8)RE (RE=Earth radii) in the GSE (Geocentric Solar Ecliptic) system.
Panel (a) displays a 23 minutes interval within the shock crossing. It can clearly be seen
that quasi-parallel shock crossings are characterised by an extented transition region
consisting of magnetic pulsations. Panel (b) reveals that these pulsations are built up by
ULF semicycles with periods ofT ∼ 4 sec andBmax/B0 ∼ 1 and SLAMS withT ∼ 2
sec andBmax/B0 > 1, whereBmax is the peak magnetic field amplitude andB0 the back-
ground magnetic field. The magnetic field enhancement is accompanied by a density en-
hancement, i.e., SLAMS are fast-mode structures [8]. Within SLAMS a change from the
quasi-parallel to the quasi-perpendicular shock configuration is generally observed [9],
i.e., whereas the inter-SLAMS regions are characterized by quasi-parallel conditions,
a change to the quasi-perpendicular regime is observed in association with the leading
edge. In association with the trailing edge, the magnetic field returns to quasi-parallel
conditions. SLAMS generally have a direction of propagation that is quasi-parallel to
the ambient magnetic field [10] and exhibit transverse scale lengths of the order of
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1000 km [9]. Simulations revealed that SLAMS might change significantly on the order
of seconds, i.e., the time it takes the SLAMS to move over the spacecraft [11]. Recent
observations indicated indeed a growth rate of SLAMS of the order of 10% per second.

For a complete description of the methodology of the calculation of the electric
potential in the Normal Incidence Frame, we refer to [13]. Figure 2 (a) displays the
calculated cross-SLAMS potentialΦNIF for a single SLAMS during this shock crossing.
A net potentialΦNIF ∼ 400 V is calculated. Note that the potential is evenly divided
between the trailing edge (left hand side) and leading, but more steepend, edge (right
hand side) of the SLAMS. Panel (b) shows the corresponding magnetic field profile.

DISCUSSIONS AND CONCLUSIONS

We have shown that Short Large-Amplitude Magnetic Structures (SLAMS) are associ-
ated with a substantial electric potential of the order of a few hundred V. These structures
are thought to play an essential role in quasi-parallel shock physics. Simulations have
indeed shown that the potential over SLAMS is associated with a deceleration of the
solar wind flow [14]. For supercritical shocks in general it is well-accepted that the ve-
locity dispersion which results from ion reflection and subsequent transmission through
the cross-shock potential accounts for a substantial part of effective dissipation [15].
The observed potential over SLAMS might, in combination with other processes, be
responsible for deceleration, deflection and heating of the incident solar wind.

Future studies need to investigate the dependence of the cross-SLAMS potential on
different parameters and its impact on particle distributions. Work in progress includes a
statistical approach on the cross-SLAMS potential and associated ion distributions [13].
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