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Type-II entry of solar wind protons into the lunar wake as a general phenomenon
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We study a type of solar wind entry into the lunar wake under various interplanetary magnetic field (IMF) conditions using
SELENE (Kaguya) data. Our recent observations around the Moon revealed that so-called type-II (T2) entry of the solar wind
protons into the near-Moon wake occurs when the IMF is dominated by the non-radial components (i.e. BY and/or BZ). Under
this condition a part of the solar wind protons scattered/reflected at the lunar dayside surface subsequently enters the central
region of the near-Moon wake after a large-scale cycloid motion, which gives rise to electron acceleration and wave generation.
The situation handled in the previous studies is that the magnetic field line around which the solar wind protons entering the wake
are gyrating is detached from the lunar surface, and thus a possibility of the T2 proton entry into the region where field lines are
connected to the lunar surface has not been considered yet. Here we report that the T2 entry process takes place under various
IMF conditions, and that the protons can access the central wake region that is magnetically connected to the lunar nightside
surface, which we categorize into the T2 entry with magnetic connection to the lunar surface (T2MC). Furthermore we show
that the energy of the electron beams associated with the entered protons depends on the magnetic connectivity to the lunar
nightside surface. Strong electron acceleration (up to several hundred eV to 1 keV) along the magnetic field associated with the
T2 entry is prominent when the field line has its both ends in the solar wind, that is, when the magnetic field is detached from
the lunar surface (i.e. the ”original” T2 entry that we rename to T2MD). On the other hand, no significant electron acceleration
is found in the T2MC cases, although an enhancement of the electron flux associated with the T2 proton entry is evident. Our
results indicate that, while the T2 entry of solar wind protons into the wake itself does not require a special IMF condition but is
a rather general phenomenon, the characteristic energy of associated electrons does show a strong dependence on the magnetic
connectivity to the lunar surface.
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