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The Lunar Radar Sounder (LRS) was installed on KAGUYA(SELENE). The purpose of the LRS is to perform radar
soundings of the lunar surface and subsurface structure to understand the evolution of the Moon. The LRS consists of three
subsystems: the sounder transmitter and receiver (SDR), the natural plasma wave receiver (NPW), and the VLF wave form
capture (WFC). LRS-NPW is capable of natural wave observations in the frequency range of 20kHz to 30MHz. With this
receiver, natural radio wave observations such as aurora kilometer radio waves (AKR) originating from the Earth’s auroral
latitudes and Jupiter radio waves in the hectometer band (HOM) have been successfully carried out [Kumamoto et al. 2016].
Recently, using echoes of these natural radio waves, investigations of the subsurface structure and ionosphere of Jupiter’s icy
satellites are being considered for implementation with the JUICE spacecraft. Such an observation technique is called a pas-
sive radar. Although there have been studies on the Moon applying AKR to ionospheric probes [Goto et al. 2011], there has
been no investigation of lunar subsurface structure using AKR. The objective of this study is to investigate a method to probe
the lunar subsurface structure from AKR data obtained by LRS-NPW. To probe the subsurface structure, we use interference
fringes between AKR direct waves propagating from the Earth and AKR reflections on the lunar surface and subsurface struc-
ture. In this presentation, we will show the preliminary results of the feasibility study. AKR is observed in a low frequency
range from several tens to several hundred kHz and has the potential to probe deeper subsurface structures than an active radar
sounder (LRS-SDR) which was operated in 4-6MHz. According to Ono et al.2010, interference fringes between direct waves
and surface reflected waves have already been observed in the LRS. To calculate the interference fringes produced on the
radio spectrum by the direct waves from the Earth and the reflected waves from lunar surface and subsurface, the following
assumption were made. In this preliminary study, for simplicity, the incident angle of AKR to the lunar surface is set to Odeg
and two-layer subsurface structure whose, relative permittivities are 4.0 for the first layer and 8.0 for the second layer. The
attenuation in the first layer is not considered. KAGUYA’s altitude from the lunar surface is set to 100 km and the thickness
of the first layer is set to 1 km. Based on the above assumptions, the frequency spacing [kHz] and amplitude [dB] were
determined for interference fringes due to direct and surface-reflected waves, and for those due to surface-reflected waves
and subsurface-reflected waves, respectively. As a result, the interval and amplitude of interference fringes due to direct and
surface-reflected waves were 1.5 kHz and 6.0 dB, respectively. The interference fringe interval between the surface-reflected
and subsurface-reflected waves was 75 kHz, and the amplitude was 8.3 dB. The interference fringes actually captured by
KAGUYA is a combination of direct, surface-reflected, and subsurface-reflected waves; the calculated interference fringes
of the three waves show that the frequency interval of the interference fringes between the surface and subsurface reflected
waves on the lunar surface is 75 kHz and their amplitude is 2 dB. Since the frequency resolution of LRS-NPW is 6 kHz,
interference fringes due to direct and surface reflected waves cannot be resolved in the region near (Odeg E, Odeg N), where
the incident angle is Odeg, but interference fringes between surface and subsurface reflected waves could be detectable. Since
a frequency spacing of interference fringes become wider as the AKR incident angle is larger [Kumamoto et al. 2016], it is
expected that the LRS-NPW will be able to capture the interference fringes due to the direct waves and the reflected waves. In
order to reproduce the fringe under more realistic conditions, it is necessary to add the attenuation term in the first layer, which
is currently not taken into account, and also to enable calculations at arbitrary angles of incidence, depending on KAGUYA'’s
latitude and longitude, for comparison with LRS-NPW observation data. In this presentation, I will discuss the progress of
the research and prospects for deep structure exploration of the Moon.
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