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Observation of the lunar ionosphere by the dual-spacecraft radio occultation method
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Radio occultation experiments which were performed in Luna Missions of Russia in the 1970s indicated the existence of the
lunar ionosphere with large electron densities of the order of 106°c@n the other hand, theoretically the lunar ionosphere is
thought to have densities on the order of 1 ¢mvhen we consider the solar wind electric field which sweeps ions and electrons
away and the low density of the lunar neutral atmosphere. The radio science (RS) experiments in the SELENE (KAGUYA)
mission aims at solving this problem.

Similarly to the previous studies, we have carried out observations many times by using coherent radio waves transmitted fror
a single sub-satellite. This method can’t avoid the effects of the Earth’s ionosphere and the interplanetary plasma, and thus it |
difficult to detect the lunar ionosphere clearly. However, from a statistical analysis of "400 experiments, we can see a trend the
the electron density increases in the altitude region 0-30 km for solar zenith angles(hereafter §B8)dafgrees, i.e., near the
sub-solar point.

In parallel with this single-spacecraft method, we have tried to detect the lunar ionosphere by receiving the radio waves emitte
from the two sub-satellites at the same time. In this dual-spacecraft method, Rstar is used to measure the Earth’s ionosphe
contribution while Vstar is occulted by the moon; the difference between the two measurements gives the lunar ionospher:
component. However, Rstar has coherent downlink frequencies only in S-band, and thus we are forced to use two S-bands whi
have frequencies close to each other (2218 MHz and 2287 MHz). This results in a relatively large measurement noise in th
derived electron density. Moreover, the two sub-satellites must be present within the beam diameter of the ground antenna, at
consequently, the number of observation opportunities is much less than that of the single-spacecraft method.

The observations by the dual-spacecraft method covered the SZA range from 70 to 120 degrees, and not no increase in tl
electron density was normally observed. Exceptions are the density enhancements in two cases with SZA = 74.4 and 82.2. W
consider that an ionosphere might be generated above the moon surface locally or sporadically on the sunlit side even near t
terminator.

As the generation mechanism, we assume that photoelectrons might be protected by remnant magnetic field on the moc
surface or transported to the region whose SZA is large by the interaction with the magnetic fields of the solar wind. Moreover,
we pay attention to lunar dusts projected from the moon surface, which release photoelectrons by the sunlight.
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