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Analysis of H20 abundance in the lunar magnetic anomaly region using KAGUYA
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Understanding when and how water was delivered to or generated on the Moon is crucial for deciphering the history of
the Moon’s formation and evolution. Several previous missions suggested the presence of water on the lunar surface. In-
frared spectroscopic observations with the M3 onboard Chandrayaan-1 indicated the existence of water ice in the permanent
shadow of the polar regions. Furthermore, observations by the Stratospheric Observatory for Infrared Astronomy (SOFIA)
have detected a water molecule emission line at 6.1 |1 m in the high-latitude surface layers of the Moon. These observations
highly suggest the presence of water in the permanent shadows of the Moon. One hypothesis for the origin of lunar water is
the chemical reaction between solar wind protons and oxygen atoms in the surface minerals. Surface minerals irradiated by
protons are thought to form hydroxyl (OH) groups, and with further proton irradiation, H2O is generated.

While the Moon does not have a global intrinsic magnetic field like Earth’s, numerous localized regions of strong magnetic
fields, known as magnetic anomalies, are known to exist, as discovered by the Lunar Prospector electron reflectometer and
the MAP-LMAG magnetometer onboard the KAGUYA satellite. In these magnetic anomaly regions, it is suggested that the
motion of ions and electrons is separated due to their interaction with the magnetic anomalies, leading to the formation of an
upward-pointing electric field. This upward electric field is inferred to suppress the amount of solar wind protons reaching
the lunar surface. Consequently, it is speculated that the water production rate decreases in magnetic anomaly regions.

In this study, we attempt to clarify the difference in H20 abundance on the lunar surface by directly comparing the amount
of H20 ions above lunar magnetic anomaly regions and non-magnetic anomaly regions, using the data obtained by MAP-
PACE onboard the lunar orbiter KAGUYA. This aims to verify whether the solar wind shielding effect by magnetic anomalies
on lunar water generation can be detected through in-situ ion observations. We used MAP-LMAG data to classify observa-
tional points of KAGUYA’s low-altitude ("50km) MAP-PACE data into magnetic anomaly and non-magnetic anomaly re-
gions. In order to confirm the direct influence of the solar wind, we limited our data to the dayside with a specific range
of solar zenith angles. Furthermore, we selected data from periods when the Moon was not within the Earth’s magnetotail,
allowing us to analyze the pure interaction between the solar wind and magnetic anomalies. Using these filtered datasets,
we compared the counts corresponding to the time-of-flight of H20 ions inside and outside the magnetic anomalies. The
analysis revealed that the counts of H20 ions and many other ion species were significantly reduced in magnetic anomaly
regions compared to non-magnetic anomaly regions. This result is consistent with previous research, indicating that the mag-
netic anomalies either deflect or reflect the solar wind ions, which generate lunar surface-origin ions, thereby suppressing
their interaction with the surface, or that low-energy ions generated within the magnetic anomaly are unable to escape. On
the other hand, it was also confirmed that the ratio of counts observed in non-magnetic anomaly regions to those in magnetic
anomaly regions changes at specific time-of-flights. In future work, we will consider the origin of the counts corresponding
to the time-of-flight of H20 ions detected above magnetic anomaly regions, as well as identify the particle species with dif-
fering count ratios between magnetic anomaly and non-magnetic anomaly regions and investigate their origins. We also plan
to apply filters for latitude and longitude in order to investigate location dependency.
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