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Numerical experiments of impedance probe measurements in the range of the ion
characteristic frequencies
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In-situ plasma diagnostics are essential for evolutions of the space plasma physics. Impedance probe, which is a kind of R
probe, was developed as a powerful tool to measure absolute values of the electron number density. The frequency variation
the probe impedance allows us to derive the electron density from the upper hybrid resonance (UHR) frequency. Over the pa
half a century, impedance probes have been installed on many sounding rockets and satellites to measure the electron density
the ionosphere and magnetosphere.

The probe impedance reflects various physical quantities of the plasma as well as the electron density. The evaluations of tt
probe impedance are therefore valuable for plasma diagnostics. We are now applying the electron hybrid code (Katoh, 2003) 1
evaluate the probe impedance in the ionospheric plasma. In this presentation, we focus on the variations of the probe impedan
in the range of ion characteristic frequencies.

The impedance probe measurements have mainly performed in the range of the electron characteristic frequencies. On tl
other hand, the analytical theory based on Balmain (1964) demonstrates that the probe impedance has resonance frequencie
the ion cyclotron frequencies and lower hybrid resonance (LHR) frequency. These resonance frequencies provide the informe
tion of the ion composition as well. However, the availability of detection of the LHR frequency from low frequency impedance
measurements is still controversial.

The current distribution on the probe surface is an issue for analytical evaluation of the probe impedance in plasmas. Mear
while, it is difficult to detect the LHR frequency from the laboratory experiment using the plasma chamber, since the collision
frequencies in the chamber are too high (Ejiri et al., 1973). Therefore, numerical experiments are effective to evaluate the prob
impedance in the ion characteristic frequency range. We solved equations of motion of fluid, which include multi-ion species,
and Maxwell's equations to compute the probe impedance. We compared the results with analytical calculations to discuss th
availability of the detection of the LHR frequency and the ion cyclotron frequencies by the impedance probe measurements.
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