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For the plasma wave observations in space, the electric field sensor based on a dipole antenna is commonly put in use
onboard scientific satellites. The electrical properties of the dipole antenna in space are different from those on the ground
due to the dispersive nature of space plasma. Since the observed wave data are calibrated taking into account the antenna
characteristics, it is important to understand them quantitatively for correct interpretation of the observational data. The
solar-terrestrial physics community in Japan has organized a new polar ionosphere-mesosphere mission FACTORS, one of
whose objectives is to observe and elucidate the ion-mode plasma wave processes that cause ion heating and acceleration.
Thus, we have initiated numerical investigations of the antenna characteristics in a low-frequency range where the ion
dynamics are involved. It is reported that previous chamber experiments detected a lower-hybrid resonance feature in the
measured impedance data [1]. In this study, we apply the particle-in-cell (PIC) method to the analysis of antenna impedance
in such a low-frequency range [2]. The PIC simulation is advantageous to include plasma kinetic effects.

In the simulation, we place a dipole antenna in the center of a three-dimensional simulation box domain filled with a
large number of plasma particles. We evaluate the antenna impedance by using the delta-gap feeding technique [3]. In the
simulation results, we observed an impedance resonance near the lower hybrid resonance frequency: w LHR (Figure). To
clarify the relationship between the impedance resonance and relevant plasma wave modes, we derived dispersion relations
from the simulation. We found that the impedance resonance frequency coincides with the frequency at which a lower hybrid
wave blanch intersects the particular wavenumber k_half where the antenna behaves as a half-wave dipole. In addition,
we found that the dependence of the antenna impedance on plasma conditions such as ion temperature and magnetic field
strength. Our preliminary simulations have also identified similar impedance resonances relevant to the electrostatic ion
cyclotron harmonic waves, which are, however, pronounced in different simulation configurations. We will discuss necessary
physical conditions under which these impedance resonances are prominent.
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