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Moon originating ions observed under strong solar wind convection electric field

# Yoshifumi Saito[1]; Shoichiro Yokota[1]; Masaki N Nishino[2]; Hideo Tsunakawal3]
[1] ISAS; [2] ISEE, Nagoya University; [3] Dept. Earth Planet. Sci., Tokyo TECH

It is well known that the Moon has neither global intrinsic magnetic field nor thick atmosphere. Interaction between the solar
wind and a solar system object varies largely according to the object’'s characteristics, such as the existence of a global intrins
magnetic field and/or thick atmosphere. Different from the Earth’s case where the intrinsic global magnetic field prevents the
solar wind from penetrating into the magnetosphere, solar wind directly impacts the lunar surface. When the Moon stays in the
Earth’s magnetosphere for 3-4days/month, hot plasma sheet ions impact the lunar surface. The ions generated by solar wind ic
/ plasma sheet ions impacting the lunar surface or the photo-ionized neutral particles around the lunar surface are accelerated
the solar wind convection electric field and are detected by ion detectors on the spacecraft orbiting around the Moon. Althougt
these ions must have information about the surface composition of the Moon, it is still unclear what kind of ions and how much
ions should be observed. So far, a few examples where the energy of the heavy ions was higher than the incident solar wind ic
energy were found when CIR (Corotating Interaction Region) passed the Moon. Since solar wind magnetic field is strong anc
solar wind ion density, velocity, pressure is high, the intensity of the solar wind convection electric field is high during the CIR
passage over the Moon. We have searched for the period when the solar wind convection electric field is stronger than 5mV/i
regardless of the CIR period or not and we have found more than 10 cases when high energy heavy ions are observed similarly
the period of the CIR passage over the Moon. Some of the data obtained under strong solar wind convection electric field sho
clear Si/Al* ions with mass number 28/27. There were other cases wheye(bleHs; ) with mass number 3 were clearly
observed. Concerning Helium ions, in addition to the second major solar wind iofs, Hie+ and He™ (or H3 ™) were also
observed. We will report the condition when and whereé HgHet and Hg ™ (or Hz*) were clearly observed by analyzing the
data obtained under strong solar wind convection electric field.
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Lunar magnetic poles estimated from small isolated magnetic anomalies on the SVM
map

# Yuuya Ikeuchi[1]; Hideo Tsunakawa[2]; Futoshi Takahashi[3]
[1] Earth and Planetary, Tokyotech; [2] Dept. Earth Planet. Sci., Tokyo TECH; [3] Kyushu Univ.

Recent studies on the lunar magnetism indicate that the global magnetic field was generated by a core dynamo of the ear
Moon although the present Moon has no global magnetic field. Since the crustal magnetic anomaly could record the early Moon'’
magnetic field as remanent magnetization, probably TRM, the magnetization directions of the lunar magnetic anomalies (LMAS
may yield information about the position of the paleomagnetic pole of the early Moon.

Runcorn(1982, 1983) argued clusters of magnetic pole positions from Hood’s magnetization directions, which were deter-
mined by fitting magnetized disks to the LMA observations of Apollo 15 and 16 sub satellites. Takahashi et al. (2014) applied
dipole approximations to 24 isolated magnetic anomalies to the LMA observations by Kaguya and Lunar Prospector at 20-4(
km altitudes, suggesting the true polar wander in the early Moon. Since the LMAs show fine structures on the recent map:
(Tsunakawa et al., 2014, 2015), these observations are generally affected by the crustal field at relatively wide area, resulting |
ambiguity of the dipole approximation.

In the present study, we use the global maps of the LMAs on the spherical lunar surface with the Surface Vector Mapping
(SVM) method [Tsunakawa et al., 2015]. The SVM data with high spatial resolution are useful for finding small isolated anoma-
lies like a single dipole. As a result, we have selected several tens of magnetic anomalies to be approximated with a single dipo
source. The magnetic poles estimated in the present analysis show two main clusters associated with the polarity reversal an
relatively minor one: one of the main clusters is located near the selenographic north pole (P1; Takahashi et al., 2014), the oth
at low latitude on the eastern hemisphere (P3; Tsunakawa et al., 2015). Minor one is at low latitude area on the near side (P
Takahashi et al., 2014). These LMA clusters imply that the dipolar field would be generated by a core dynamo while the true
polar wander might occur in the early Moon. We will discuss possibility of the true polar wander of the early Moon.
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Electron current in the boundary layer of a mini-magnetosphere above a lunar magnetic
anomaly

# Hideyuki Usui[1]; Yohei Miyake[2]; Masaki N Nishino[3]
[1] System informatics, Kobe Univ; [2] Kobe Univ.; [3] ISEE, Nagoya University

We present a three-dimensional electromagnetic particle-in-cell simulation study of the electron current in the boundary laye
of a mini-magnetosphere created above a magnetic anomaly on the lunar surface.

As shown in the previous works, we found that an asymmetric mini-magnetosphere is formed above the magnetic anomaly b
the solar wind interaction. We also confirmed that the boundary layer current is dominated by the electron flux perpendiculal
to the dipole field. As an intense electric field is induced in the boundary layer by the charge separation between electrons an
ions, the electrons entering the boundary layer undergo the ExB drift motion in the equator. In the high latitude region, on the
other hand, the electron flux turns around and the direction of the electron motion becomes reversed. This causes a turn-arou
electron current in each hemisphere.

As stated above, the electrons in the boundary layer overall make the ExB drift motion in the equator. At the most inner edge
of the boundary layer, however, the averaged electron velocity shows the peak value and it cannot be explained with the loc:
ExB drift velocity. We found that the peak velocity of electrons observed in the most inner edge of the boundary layer is due to
the electron cyclotron motion itself rather than the drift motion of the electron guiding center. We also confirmed that the width
of the boundary layer is approximately equal to the radius of the local electron cyclotron motion.
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Particle simulations on the charging process and dynamics of lunar dust grains

# Yuji Funaki[1]; Yohei Miyake[2]; Masaki N Nishino[3]
[1] System Informatics, Kobe Univ.; [2] Kobe Univ.; [3] ISEE, Nagoya University

The moon has no intrinsic magnetic field and atmosphere, and the solar wind plasma interacts directly with its surface, forming
the characteristic electric environment. Some portion of micron and sub-micron sized grains, existing near the lunar surface, i
charged by adsorbing plasma and levitating in the surrounding electric environment. They will affect lunar rover system, sci-
entific instruments, and human health, and it is also expected that an electric environment near the lunar surface is changed |
dust grains interacting with plasma. In order to understand the effects on future lunar exploration missions, it is important to
pre-evaluate the behavior of dust grains.

In the present study, we apply our original particle-in-cell simulator EMSES, which has been used to study spacecraft-plasm:
interactions, to the study of a dust charging process. Each dust is constantly changing its position under the influence of su
rounding electric environment, and so it is expected that the charge amount carried by the dust is also time-varying. Therefore
in order to predict the behavior of the dust, it is important to simulate its charging processes precisely. We develop a numerice
model of such a dust charging process, which will be embedded into out dust dynamics simulator. We report some results fror
our simulations on the dust charging process and dynamics around a lunar vertical hole, which was recently discovered by th
Kaguya satellite and one of distinctive surface topographies on the Moon.
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A statistical study of type-3 solar wind proton entry into the lunar wake

# Masaki N Nishino[1]; Yoshifumi Saito[2]; Hideo Tsunakawa[3]; Yasunori Tsugawal4]; Yuki Harada[5]; Futoshi
Takahashi[6]; Shoichiro Yokota[2]; Masaki Matsushima[7]; Hidetoshi Shibuya[8]; Hisayoshi Shimizu[9]
[1] ISEE, Nagoya University; [2] ISAS; [3] Dept. Earth Planet. Sci., Tokyo TECH; [4] ISEE, Nagoya Univ.; [5] Dept. of
Geophys., Kyoto Univ.; [6] Kyushu Univ.; [7] Dept Earth & Planetary Sciences, Tokyo Tech; [8] Dep't Earth & Env.,
Kumamoto Univ.; [9] ERI, University of Tokyo

Entry processes of solar wind plasma into the lunar wake are fundamental phenomena of the lunar plasma sciences. Recen
we have found a new entry mechanism of shock-reflected solar wind protons into the deepest lunar wake (i.e. type-3 entry) the
takes place when the Moon is located in the ion foreshock in front of the Earth’s magnetosphere. Here we show a statistical stuc
of type-3 entry into the deepest lunar wake at 100 km altitude using Kaguya data. We have confirmed that the type-3 proton entr
is almost continuously observed in the upstream solar wind near the quasi-parallel bow shock, and that the type-3 protons c:
access the lunar dayside region as well owing to their gyro radius comparable to the lunar diameter. Low energy electron bean
from the lunar night side surface are often not obvious in the continuous type-3 events. On the other hand, an intermittent type-
proton entry (for a few min) is found even far upstream of the bow shock. In the intermittent type-3 events, one can recognize
that the kinetic energy of upward-going field-aligned electron beams decreases to be a few tens eV. These observations show t
incident ion current into the lunar nightside surface drastically changes the electrostatic potential in the wake. We will present
comprehensive understanding of the lunar plasma environment for the type-3 entry.
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Observation of the lunar magnetic anomalies by electron reflection method using
Kaguya data

\

# Daiba Kato[1]; Yoshifumi Saito[2]; Shoichiro Yokota[2]; Masaki N Nishino[3]
[1] EPS, Univ. of Tokyo; [2] ISAS; [3] ISEE, Nagoya University

Although the Moon has no global magnetic field, there exist locally magnetized regions called lunar magnetic anomalies on the
lunar surface. Strong lunar magnetic anomalies can prevent the solar wind from impacting the lunar surface. The lunar magnet
anomalies give important information about the evolution of the lunar interior and the distribution of plasma particles above
lunar surface. Since the discovery of the lunar magnetic anomalies in 1960s, study of the lunar magnetic anomalies has be
carried out by in-situ observations using satellites, numerical simulations and laboratory experiments. According to Apollo data
several strong magnetic anomalies were located near antipodal to impact basins that were formed in the same period. Rece
observations indicates that there are relatively weak magnetic anomalies over almost the entire lunar surface.

We have analyzed the reflected electron data obtained by low energy charged particle analyzers MAP-PACE and magnetomet
MAP-LMAG on Kaguya. Since Kaguya is a three-axis stabilized spacecraft, one of the spacecraft panels on which an electrol
spectrum analyzer MAP-PACE-ESA-S1 is installed always faces the lunar surface. Therefore MAP-PACE analyzers are designe
to have a hemispherical field of view.

Electron reflection measurements makes use of the magnetic mirror effect. By the existence of the lunar magnetic anomalie
the solar wind electrons moving toward the lunar surface will be reflected back to the satellite by a magnetic mirror effect.
By measuring the pitch angle distribution of the reflected electrons, we can observe the magnetic fields on the lunar surface
Although Apollo subsatellites and Lunar Prospector also observed the magnetic anomalies by electron reflection method, MAP
PACE-ESA on Kaguya observed the magnetic anomalies with higher time resolution and higher spatial resolution than previou
satellite observations. In this presentation, we will show the global mapping of the lunar magnetic anomalies using Kaguya data
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Simulation study of spatial distribution of hot electrons generating plasma waves arounc
the wake of an ionospheric rocket

# Ken Endo[1]; Atsushi Kumamoto[2]; Yuto Katoh[1]
[1] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [2] Dept. Geophys, Tohoku Univ.

lonospheric sounding rockets travel in plasma at supersonic velocity with rarefied regions called 'plasma wakes'. In a rocke
wake, plasma waves with frequencies near the upper hybrid resonance (UHR) frequency, plasma frequency, and Z-mode cutc
frequency in the wake are observed as reported by Yamamoto [PhD, thesis, Tohoku University, 2001]. From the results of the S
520-26 rocket experiment, Endo et al. [JGR, 2015] suggested that the waves observed in the wake were electrostatic waves st
as electrostatic electron cyclotron harmonic (ESCH) waves and UHR mode waves because plasma waves with long wavelengt
cannot be generated in narrow region like the rocket wake. They also reported that the waves were observed more clearly whe
the dipole antenna was in the upstream-downstream direction of the plasma flow than the perpendicular direction. Besides, the
showed that whistler mode waves were also observed in directions perpendicular and oblique to the wake axis. These resul
indicate that there was inhomogeneous spatial distribution of hot electrons with some anisotropic velocity distribution functions
around the rocket wake.

In order to investigate inhomogeneity of hot electrons around the rocket wake, we are now developing a Vlasov-Poisson code
In the simulation with this code, we can calculate wake filling process of ambient ions and electrons in one-dimensional spac
along the x-axis. If we assume that plasma is also flown in y direction, the plasma distribution along x-axis as a function of time
(evolution) can be understood as that as a function of distance in y direction.

A similar simulation was performed also by Singh et al. [JGR, 1987]. They focused on electron distribution function on
the wake axis within the very near wake of an ionospheric satellite (about @&W¥nstream; Y is the distance to the ion
convergence region), and showed that counter-streaming electron beams were in the region. This result coincides with tf
observational results that ESCH waves or UHR mode waves were most intensified when the dipole antenna was in upstrear
downstream direction, which was reported in Endo et al. [JGR, 2015]. However, how large the unstable region can spread arour
the wake has not been revealed; therefore, the observational results in Endo et al. [JGR, 2015] cannot be explained enough.

In our simulation, we will investigate velocity distribution function of plasma around the wake including wake edges and the
ion convergence region. In order to calculate longer evolution than Singh et al. [JGR, 1987], we have to suppress the numeric:
diffusion in the simulation. For this reason, the Vlasov and Poisson’s equations are solved with using the splitting method, the
leap-frog scheme, the semi-Lagrangian method, and the rationoal CIP scheme, which were also applied to the simulation of tt
lunar wake plasma by Abe [Master thesis, Tohoku University, 2006].

In this presentation, we will describe the configuration and scheme of our simulation, and initial results.
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