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The European Space Agency (ESA) and JAXA are collaborating on the Comet Interceptor mission to visit and explore
a long-period comet. Comets are composed of more than 80% water molecules, and since their surfaces are constantly
evaporating, the surroundings of comets are abundant in neutral particles, mainly water molecules. When these particles
collide at high speed with a spacecraft, the spacecraft surface will release secondary particles (electrons and ions). These
secondary particles not only act as unwanted detection components in plasma observations but also interfere with spacecraft
charging processes.

This study aims to clarify the effects of secondary particle emission on spacecraft charging and the surrounding plasma
environment. We performed 3-dimensional plasma particle simulations with a spacecraft body based on the Particle-in-Cell
(PIC) method. The results showed that the majority of emitted secondary remained close to the spacecraft surface. The dense
ion cloud forms a positive potential barrier at the surface. Due to the potential structure caused by the dense population
of secondary ions, both electrons from the cometary plasma and secondary electrons emitted from the spacecraft are also
concentrated around the spacecraft. The potential structure formed by such a space charge effect is suggested to affect low-
energy ion measurements to be made in the Comet Interceptor mission.

To further elucidating the potential barrier formation processes, we conducted 1-dimensional simulations focusing on
proximity of the emission surface of the spacecraft. The formation of a potential barrier depends on the secondary ion
yield and temperature. The formation of the barrier is suppressed, particularly at high temperatures. A detailed parametric
analysis revealed that the minimum secondary ion temperature required to suppress the potential barrier is proportional to the
secondary ion yield raised to approximately the 2.5th power.

We have also identified a repeated accumulation and release of space charge near the emission surface, which results
in temporal oscillations in secondary ion density, secondary ion current, and space potential. Such oscillations tend to be
suppressed by higher temperature of ions, and the oscillation period decreases as the secondary ion yield increases. This
paper reports the simulation results and discusses the physical implications of the results.
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