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Abstract 
   The internal structure of the Moon holds essential information for clarifying how it formed and evolved 
until today. In general, the retrievable constraints vary depending on the scale to which we pay attention. 
For example, the bulk composition and the global physical structure provides us with a strong constraint 
on the thermal environment at the initial stage of the formation, and the subsurface structure (top several 
tens of kilometers) enables us to infer the subsequent geological evolution (such as volcanism, 
metamorphism) and/or the impact history. Thereby, it is important to reveal the inner structure in various 
scales for better understanding of the history of the Moon. 
    The direct exploration of the lunar interior using seismic waves started in 1969 accompanied by the 
Apollo missions (e.g. [1]). A seismic network constructed on the nearside of the Moon brought us more 
than 12,000 seismic events, allowing us to estimate its internal structure (e.g. [2]). Even though the Apollo 
lunar seismic data has been investigated over the past 50 years, the lunar interior remains uncertain, and 
we are still far from giving a critical constraint on the formation process and/or subsequent evolution (see 
[3] Garcia et al. for the recent review). One of the most serious problems in lunar seismology is “seismic 
scattering” due to the intense heterogeneous structure, so-called “megaregolith”. The strongly scattered 
signals prevent us from precisely identifying the seismic phases (e.g., P, S), leading to the large uncertainty 
of a resultant 1D structure model. Although various studies attempted to constrain the scattering properties 
of the megaregolith using the radiative transfer theory (e.g., [4] [5]), the structure is left uncertain. In this 
study, we estimate the scattering structure more directly by employing full 3D seismic wave propagation 
simulation (namely, taking into account the free surface and the spatial variation of elastic parameters). 
While this is the most straightforward way, it requires a vast amount of computational resources, which 
kept us from performing this kind of simulation. However, the recent progress in computational 
technology (i.e., super-computer) makes it possible to conduct such an expensive simulation, allowing us 
to apply this method to lunar seismology.  
    Significant progress is that we realized a stable computation up to 2 Hz, which completely covers the 
frequency range of the Apollo observation with the long-period seismometer. This enabled us to perform 
a direct comparison between the data and synthetics at the same frequency for the first time. Through the 
forward modeling of lunar seismic waves, we succeeded in reproducing the Apollo seismic data, resulting 
in the quantitative evaluation of scattering properties at the Apollo 12 landing site. This not only brought 
us a concrete view of the subsurface heterogeneity of the Moon but also open a way to the comparative 
planetology with respect to “scattering environment”.  
    In the presentation, we give a general summary of planetary seismology, followed by the forward 
modeling of lunar seismic waves and the quantitative comparison of scattering environment between the 
Earth, the Moon, and Mars. Then, we discuss how our results can contribute to future mission designs. In 
the end, the spillover effect to other planets is presented. 
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