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Electron holes (EHs) are the stationary localized non-linear structures in phase space existing due to an electron population 

trapped within EH electrostatic potential. Since the first direct observation of EHs on Geotail spacecraft [1] they were found 

to be a common phenomenon in the Earth’s magnetosphere. Indeed, such non-linear solitary structures were observed in 

reconnecting current sheets [2], injection fronts in the outer radiation belt [3], auroral region [4], and in many other situations. 

EHs usually propagate along magnetic field lines with velocities about electron thermal velocity, are localized on the scale of 

about 4 10 Debye lengths, and have the field amplitude up to hundreds of mV/m [5]. Generation of these structures, 

evolution, and their role in instabilities relaxation and energy dissipation, particle energization, supporting large-scale 

potential drops and anomalous resistivity is under active investigation, both experimentally and theoretically through the 

numerical modeling. 

Until recently, the main focus of numerical simulations was on the generation of the EHs through the different types of 

plasma instabilities, and the simulations were mainly based on PIC method, with few exceptions using Vlasov-Maxwell 

codes. One of the few papers, studying the evolution of the EHs in the inhomogeneous plasma, is [6], where the influence of 

density inhomogeneity on the EH propagation were investigated through PIC modeling, and the effect was shown to be 

significant. 

In this report, we present the results of 1.5D gyrokinetic Vlasov-Maxwell simulations of the EH evolution in the plasma with 

inhomogeneous magnetic field and inhomogeneous density. Our calculations show that the inhomogeneity has a critical 

effect on the EH dynamics. EHs propagating into stronger (weaker) magnetic field are decelerated (accelerated) with 

deceleration (acceleration) rate dependent on the magnetic field gradient. The same holds for the propagation in the plasma 

with inhomogeneous density. For some parameters of the system, the deceleration results in the turning of the hole. The 

interesting feature of this process is that the turning point depends only on the EH parameters, being independent of the 

average magnetic field gradient. Our calculations also demonstrate the significant difference between “quasi-particle” 

concept and real evolution of the hole. Indeed, the EH is accelerated (decelerated) faster than it follows from a quasi-particle 

energy conservation law. It indicates that the efficient energy exchange between the EH and resonant untrapped electrons 

takes place. Another interesting result is formation of the net potential drop (weak double layer) during the electron hole 

propagation, which might be experimentally observable even for single EH in the reconnecting current sheets. We expect that 

the revealed features will be helpful for interpreting spacecraft observations and results of advanced particle simulations. 
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