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Energetic neutral atoms from the Moon in the Earth’s magnetotalil
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The lack of both a thick atmosphere and an intrinsic magnetic field of the Moon causes direct interactions between the luna
surface and its ambient plasma. While it has been thought that impinging charged particles are almost completely absorbed in
surface material, recent observations from Kaguya, Chandrayaan-1 and IBEX indicate that "0.1-1% of the incident solar winc
protons are scattered back as ions and "10% as neutral atoms. The solar wind protons experience an average energy loss of ¢
when backscattered from the lunar surface as energetic neutral atoms (ENAs). Since the ENA flux emitted from the lunar surfac
reflects the incident ion flux there, the observed ENA flux is lower if the lunar surface is shielded from the solar wind ions by the
crustal magnetic fields. Using these characteristics, ENA observations can be used as a remote sensing technique to investig
&quot;mini-magnetospheres&quot; formed by the lunar magnetic anomalies.

Here we report lunar ENA observations when the Moon was in the Earth’s magnetotail. The Moon enters the terrestrial
magnetotail for several days around full moon. In the magnetotail, the lunar surface is sometimes exposed to hot plasma ¢
the terrestrial plasma sheet. During the time interval when MAP-PACE/LMAG onboard Kaguya as well as SWIM onboard
Chandrayaan-1 observed plasma and magnetic-field signatures of the plasma sheet, CENA onboard Chandrayaan-1 detec
ENA flux from the Moon. The observed ENAs were hydrogen atoms with energies slightly lower than the characteristic energies
of the plasma sheet protons, suggesting that the plasma sheet protons are neutralized and backscattered from the lunar surf:
We analyzed ion and ENA data obtained by SWIM and CENA over three consecutive orbits in the plasma sheet. We obtaine
the following results:

1) The energy spectra of backscattered ENAs are fitted by the Maxwell-Boltzmann distribution with the parameters of densitie:
of “0.03 cn1? and characteristic energies of 100 eV.

2) The backscatter fraction, which is defined as the ratio of the backscattered ENA flux to the incident ion flux, is comparable
to or slightly smaller than that in the solar wind.

3) No significant difference is found in the backscatter fractions in the northern and southern hemisphere at selenographi
longitudes of 180 deg, where a large magnetized region exists in the southern hemisphere.

The last point shows a clear contrast with previous work on ENA imaging in the solar wind: The backscatter fraction in the
southern hemisphere at longitude “180 deg is reduced to half of that in the northern hemisphere because of the existence of lar
and strong magnetic anomalies in the southern hemisphere. The different signature of the ENA fluxes in the solar wind and th
plasma sheet indicates that the lunar surface is effectively shielded from the solar wind protons by the magnetic anomalies, whil
many incident plasmasheet protons reach the lunar surface without being shielded. Difference between the beam-like veloci
distributions of the solar wind protons and the broad velocity distributions of the plasma sheet protons may introduce different
physical processes of the magnetic anomaly-plasma interactions near the Moon.
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