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ABSTRACT 

Formation of wave front pattern and dc potential structure accompanied by current-driven electrostatic ion-cyclotron 
instabilities have been investigated by means of a sofisticated open-boundary particle simulation. When the electron 
stream is bell-shaped across the magnetic field, a clear V-shaped stripe wave-front pattern appears as the ion cyclotron 
wave grows. It is interestingly observed that V-shaped dc potential structure is created. A field aligned dc potential 
difference is generated by the anomalous resistivity. This potential difference is alomost proportional to the system 
length and may attain several kV for the several thousand kilometers anomalous resistivity region.  

Oscillations around the ion-cyclotron frequency are observed in space plasmas. In particular, it is reported that a 
V-shaped potential structure and electrostatic ion cyclotron wave are simultaneously present above the auroral 
ionosphere[1]. Current driven electrostatic ion-cyclotron instabilities have been paid much attentions as the formation 
mechanism of this potential structure. Electrostatic ion cyclotron waves are destabilized by electrons drifting along a 
magnetic field. It is shown that electrostatic ion-cyclotron waves are destabilized more with lower electron drift velocity 
than the ion acoustic waves for a wide range of electron to ion temperature ratio. In this situation, many laboratory 
experiments and numerical simulations concerned with a V-shaped potential structure or an ion-cyclotron instability 
have been performed. However, noone succeeded in demonstrating that current-driven electrostatic ion-cyclotron 
instability creates a V-shaped potential structure. We investigate development of a current-driven electrostatic 
ion-cyclotron instability, resulting wave front pattern, and dc potential structure by means of a sophisticated particle 
simulation model. We have developed a two-and-a-half dimensional electrostatic open boundary particle simulation 
model where fresh streaming electrons are injected from the boundaries at each time step avoiding unphysical 
accumulation of charged particles in front of the boundaries. Initially, Maxwellian ions and shifted Maxwellian 
electrons are uniformly loaded in the system. Simulation parameters are chosen such that electrostatic ion cyclotron 
waves are unstable and ion acoustic waves are stable. We perform two typical cases. In the first case the electron stream 
is uniform in the system. In the second case the electron stream is bell-shaped across the magnetic field. As the 
ion-cyclotron wave grows, a clear wave-front pattern appears. When the electron stream is spatially uniform, an 
obliquely intersected stripe wave-front pattern appears. When the electron stream is bell-shaped across the magnetic 
field, a clear V-shaped stripe pattern appears. This is composed of the ion-cyclotron waves that are excited in the high 
stream region and propagate from the high-stream region to the low-stream region. Dc potential difference along the 
magnetic field increases as the wave grows due to the instability. Dc potential gradually goes up from the upstream 
region to the down stream region along the magnetic field. When the electron stream is spatially uniform, no structure 
across the magnetic field appears. When the electron stream is bell-shaped, V-shaped dc potential structure appears[2]. 
Potential well is formed across the magnetic field. The potential difference along the magnetic field is supposed to be 
created by the anomalous resistivity, whereas potential difference across the magnetic field may be created due to ion 
radial transport or ion perpendicular heating. The growth of potential difference is accompanied by a gradual saturation. 
The saturation time and the saturated potential difference increase with an increase in the simulation system along the 
magnetic field. This result suggests that one can get several kV potential differences for several thousand-kilometer 
anomalous resistivity region. This is consistent with the auroral electron acceleration. 
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