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What does determine the resonance Q-factors in impedance probe measurements?
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The impedance probe is a powerful tool realizing highly-accurate measurements of the electron density. Detection of the upper
hybrid resonance (UHR) frequency from the impedance curve provides the electron density with high accuracy. The frequency
response of the antenna impedance also reflects various physical quantities and properties of a plasma in addition to the electron
density. Interpretations of the antenna impedance are therefore essential for space plasma diagnostics. This paper reports on the
characteristics of the ”quality factors (Q-factors)” of the UHR and sheath resonance (SHR) in impedance probe measurements.

One of the important aspects of impedance probe measurements is the ”clarity” of the resonance. The sharpness of the res-
onance is evaluated by the Q-factor. Sufficient insight on the Q-factor is important for evaluating the lower threshold of the
electron density measurement range. Besides, the phase of the probe capacitance measured in plasma chamber indicated that
characteristics of the resonance Q-factor should be examined in order to realize automatic detection of the UHR frequency. The
Q-factor also has a potential to provide the electron-neutral collision frequency, which is a key parameter of the ionospheric
science. However, the effect of the collision frequency on the Q-factor has not been examined. We therefore tried to evaluate the
Q-factor experimentally.

We confirmed that the Q-factors of the UHR and the SHR have a clear boundary atfpe/fce = 1. The Q-factor indicated lower
values whenfpe < fce, while the Q-factor showed clear increases with the electron density whenfpe > fce. This tendency
was already expressed by Balmain and Oksiutik (1969). However, we also found characteristics which were not pointed out in
previous works: the Q-factors were also characterized by the second harmonics of the cyclotron frequency. The effects of a hot
plasma (e.g., Suzuki et al., 2009) should affects on the impedance probe measurements.

The effects of the collision frequency on the Q-factor were also examined. The impedance curves measured in the ionosphere
were compared with the impedance curves measured in the plasma chamber. Contrary to expectations, the impedance curves
measured in the ionosphere and in the chamber showed similar signatures in spite of the difference of 3 order magnitudes of
the collision frequency. The result suggested that the mean free path is essential for evaluating the Q-factor. Careful treatments
are required both for the measurements and for the numerical calculations in order to estimate the collision frequency from
impedance curves.

The present study pointed out that the detailed understandings of the resonance Q-factor are necessary for further improve-
ments of the impedance probe measurements in plasma.


