Plasmoid penetration across a magnetic barrier: scaling from laboratory experiments to impulsive penetration into the Earth’s magnetosphere 
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Diagnostics, experimental results, and simulations are presented on anomalous electron transport in a laboratory experiment where a plasma blob is shot at and penetrates across a magnetic barrier, into a region where the magnetic field is transverse to the plasma flow direction. Tailor-made diagnostics show that the transport is due to correlated wave structures in the lower hybrid frequency range, driven by a strong diamagnetic current loop that arises around the edge of the plasma blob when it begins to penetrate into the magnetic barrier. The transport mechanism is driven at such a speed that the density fluctuations associated with the transport are approaching 100%, and the wave electric field reaches several kV/m. The resulting transport rate is two orders of magnitude faster than classical, and also far exceeds Bohm diffusion. Macroscopically, the mechanism for penetration is identified as a mixture between self-polarization and magnetic expulsion, where one or the other can dominate depending on the normalized plasma blob parameters: width, speed, and density. A generalization is made from the laboratory results to the proposed impulsive penetration of plasma blobs from the solar wind into the the Earth’s magnetosphere. Based on a scaling from the laboratory, parameters of interest (the width, speed, and density of such blobs) in the solar wind and magnetosheath are identified.
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