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The impedance of an antenna aboard sounding rockets and scientific spacecraft is widely utilized for some plasma diagnost
techniques as the impedance probe. Such diagnosis is based on the fact that antenna impedance reflects much information ak
surrounding plasma parameters, e.g., density and temperature. However, because of complexity of the plasma dynamics arou
the antenna, the theoretical analysis of the impedance characteristics is often difficult without some simplifying assumptions. On
of the difficulties, which should be considered in the analysis, is the inhomogeneous plasma environment around the antenna su
as an ion sheath. The real structure of an ion sheath is governed by metal-plasma interactions, and then we have to consider
kinetics of individual plasma particles.

By applying the 3-dimensional Electromagnetic Particle-In-Cell (EM-PIC) simulation, we successfully developed a numerical
tool for the antenna analysis in plasma environment. The developed tool enables us to perform simulation analysis including
plasma kinetics. We also incorporated the numerical model of the conducting surfaces of an antenna as inner boundaries anc
boundary treatment for plasma particles on the surfaces in the simulation tool. With these treatments, we can simulate shea
dynamics in a self-consistent manner throughout the antenna analysis and evaluate antenna impedance without any assumpti
on the sheath structure.

The present paper reports a framework of the developed numerical tool and some application to the antenna impedance analy
in space plasma. We particularly focus on ion-sheath effects created around a dipole antenna, which have significant contributic
on the impedance particularly in an ionospheric environment. The sheath structure obtained by numerical simulations and it
contribution on the impedance characteristics will be reported.
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