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In recent years, electric propulsion such as ion 

thrusters, which utilizes the electric energy of an onboard 

power source for ejecting propellant mass to produce a 

thrust, are used propulsion device for deep space 

exploration and control of space systems. For example, 

"Hayabusa2", a Japanese asteroid explorer, powered by 

ion thrusters will bring back samples from the asteroid 

“Ryugu” to help elucidate the origin of the solar system. 

In operation of ion thrusters, the neutralization of ion 

thruster is controlled by the equivalent currents from the 

ion thruster of fast ion beam from the ion source and of 

thermal electron from the neutralizer. In normal 

operation of ion thruster, the spacecraft potential is 

floating and maintained at approximately 0 V due to the 

balance of the currents emitting from the spacecraft, and 

the plasma plume with positive potential is formed 

downstream of the thruster [1]. The difference of 

potentials between the spacecraft and the plume will 

accelerate the thermal propellant ions in the plume 

toward the spacecraft, resulting backflow of the ions 

onto the spacecraft. These ions impinge the surface of 

the spacecraft, in fact, Hayabusa2 detected the spacecraft 

surface erosion around its ion thrusters by the surface 

contamination sensors [2]. To evaluate the surface 

erosion, the energy of the backflow should be clarified 

because the erosion rate is analyzed from the energy [3]. 

For this purpose, the ground test is ongoing in our 

research group to measure the energy of the backflow 

ions because we can hardly detect that in orbit at present. 

The measurement is made in a large-scale vacuum 

chamber using the same type of ion thruster mounted on 

Hayabusa2, but in the chamber, the thruster plume 

potential could not be the same as that in orbit due to the 

secondary electrons from the chamber wall generated by 

the bombardment of the beam ions. In this paper, to 

clarify the difference of the plume potentials in the 

vacuum chamber and in space, we numerically reproduce 

complete neutralization of a virtual small ion thruster by 

using a three-dimensional full Particle-In-Cell code [4], 

and evaluate physical process of the neutralization, 

varying the background condition in the operation of the 

ion thruster. The numerical results of the neutralization 

process in the plume and the plume potential are shown 

mainly with or without secondary electrons in the 

background. 

 

 

 

 

 

 

 

TABLE I 

Computation parameters for complete neutralization of 

ion thruster 

 
 

 
Figure 1 Two-dimensional spatial distributions of the 

electric potential at 150μs 
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