Detailed Study of Isolated Electrostatic Structures Throughout Cluster Orbit

Broadband electrostatic noise (BEN) was first identified by Scarf et al. (1974) and Gurnett et al. (1976) from measurements obtained with a spectrum analyzer in the distant tail.  BEN was characterized as bursty and consisting of broadband spectral features usually extending from the lowest frequencies measured up to as high as the plasma frequency, with decreasing intensity with increasing frequency.  After these first discoveries, BEN was found in several regions of earth and around other planets.  It is typically observed in boundary layers and in the auroral zone.  In 1994 Matsumoto et al. (1994) made one of the most important new discoveries of the decade with respect to BEN, this being that solitary waves (appearing as bipolar pulses in the waveform data) of a few milliseconds in duration were responsible for the high frequency part of BEN in the geomagnetic tail as the spacecraft crossed the plasma sheet boundary layer.  This brought renewed attention to previous observations of solitary waves, also described as solitary bipolar pulses, by S3-3 (Temerin et al., 1982) and Viking (Koskinen et al., 1987) as well as heightened anticipation of the high time resolution measurements to be made by Polar, FAST and Cluster.  

Now that we understand BEN to be an FFT-spectral representation of positive potential structures (electron holes) rather than broadband waves, we are starting to ask several key questions.  How and where are the electron holes created?  Are they generated locally at the point of measurement, or do they propagate along magnetic fields lines, or both?  If they propagate, do they evolve over time?  Do they interact with particles and waves, and if so, in what way?  What is their role, if any, in magnetic reconnection, or the transport of energy and momentum?  The fact that the electron holes are present in all boundary layer plasmas, as well as just downstream of the bow shock and along auroral fields, all of which are generally turbulent regions, is significant.  This may indicate that the electron holes are crucial in certain global processes, or it may be that they play no role in these processes other than as the end result of them.  Cluster is well poised to answer some of the intriguing questions posed above with its complement of wave receivers, primary among these being the high time resolution WBD plasma wave receiver, and the burst mode of the EFW instrument, and a full suite of particle and field detectors.  
The first Cluster results on electron holes are just starting to come out.  Pickett et al. [2003] discuss the time durations, some of the shortest ever recorded, of the bipolar pulses (electron holes) observed in the magnetosheath near the bow shock and the remarkable similarity of the profiles of these structures as seen by Cluster spacecraft separated by 700 km.  Cattell et al. [2003] show examples of solitary waves at the magnetopause with the largest amplitudes ever reported.  In addition, Pickett et al. [2002] have recently made the discovery of double layer-like structures in a region 5-8 Re from Earth along magnetic field lines that map to the auroral zone (see Figure 1).  These structures indicate that small, but detectable, potential changes occur across them.  Are these structures providing a means of changing the potential observed at the top of the magnetosphere to that observed at the ionosphere?  We propose to study both types of isolated electrostatic structures with the Cluster instrumentation.  For this purpose, the small scale separations on the order of 200 km starting on June 1, 2003 for one year will provide an unprecedented opportunity for us compare the measurements from one satellite to another, looking for correlations.  Because these are electron holes, electron dynamics are important, and therefore, small separations, both across and along the magnetic field, are important.  Perhaps these separations are still too large in some or all regions where the structures are observed, but we will still be able to bound the problem.  We propose to work with modelers and theorists in solving these problems, many of whom of been working on this topic for several years.
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