Quasi-stationary electron-scale current sheet: self-consistent structure and electron acceleration by the ambipolar electric field
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We report on observation of the self-consistent configuration of the intense Electron-Scale Current Sheets (ECSs) located near the neural plane in the Earth’s magnetotail under the presence of strong guide field (BM). During the interval of interest ion Bursty Bulk Flow (BBF) moving tailward was observed in the extremely hot PS. 
The ECSs with current densities j ~ 100 nA/m2 have the specific 1D planar configuration self-consistently supported by the delicate balance between central field-aligned current and perpendicular currents in its southern and northern edges. The field-aligned current is carried by the suprathermal high-speed electron beam, while the perpendicular currents are supported by the diamagnetic and ExB drifts due to the presence of the strong ambipolar electric field (~ 50 mV/m).
We demonstrate that the strong electric current in the ECSs can exist without strong electron anisotropy due to the contribution of the diamagnetic and ExB drifts. We found that the vertical pressure balance in the ECSs is mainly contributed not by the increase in guide magnetic field, but by the enhancement of the electron pressure.
It has been shown that the strong ambipolar electric field related to the ECSs can accelerate field-aligned electron beams providing the energy gain up to ~ (6-8) keV. Such acceleration can have a cascade behavior by producing new ECSs in other PS locations. The results of our study shed a new light on the mechanisms of the intense ECSs formation and illustrate the variety of magnetic structures which could exist in hot collisionless plasma.
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