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Solar wind control of lunar external magnetic enhancement: A case study
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We study an interaction between the solar wind (SW) and the magnetic anomalies on the lunar surface using SELENE (Kaguyz
data. It has been known that magnetic enhancements are at times detected near the limb external to the lunar wake, which
thus called lunar external magnetic enhancement (LEME), as a result of direct interaction between the SW and the lunar crust
fields. Previous observational studies, based on statistical trends that stronger interplanetary magnetic field (IMF) and higher S\
density favor the LEME in high solar zenith angle (SZA) region, suggested a fluid-type interaction as a candidate for formation
mechanism of the LEME. However, neither the IMF orientation nor the crustal field direction has not been taken into account in
the previous analyses.

We show evidence that relation between the IMF and crustal field orientation is also one of the key factors that control the
extent of LEME, focusing on one-day observations (12 revolutions) that include data above South Pole-Aitken (SPA) basin whick
is characterized by strong crustal fields in a wide region. Strong LEMESs are detected at 100 km altitude around SPA basin unde
the stronger and northward IMF condition, while they weakens under southward IMF. We examined the crustal field model
(uncompressed by the SW) constructed from the SELENE magnetometer data to know the orientation of the crustal field at 30
km, 100 km, and lower altitude. In the region where the peak of the magnetic enhancement is detected at 100 km altitude, th
model crustal field at 300 km altitude is directed northward, while the model field at 100 km and lower altitude had a southward
component in some revolutions. This suggests that the lunar crustal field is compressed by the SW dynamic pressure, and tt
its large scale component is essential to the formation of the LEME. In addition, our results show that pile-up of the IMF above
the crustal fields becomes more effective under parallel field configuration, and suggests that magnetic reconnection between t
IMF and the lunar crustal field may take place under anti-parallel field configuration.
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Radio scintillation observation of solar corona with Venus orbiter Akatsuki
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Kinematic properties of slow ICMEs and modification of an equation for a drag model
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Structure of a termination shock: Parameter survey
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Structure of a termination shock is investigated by utilizing one-dimensional full particle-in-cell simulation. Parameter de-
pendence of the shock structure on solar wind plasma beta, distribution function of the pickup ions, Alfven Mach number,
ion-to-electron mass ratio, and electron plasma to cyclotron frequency ratio is discussed, while a relative pickup ion density an
shock angle are fixed to 30% and 87 deg., respectively. When the solar wind plasma beta is low (=0.17), modified two-strean
instability (MTSI) gets excited in the extended foot sustained by reflected pickup ions and both solar wind electrons and ions ar
heated. If the solar wind plasma beta gets five times higher (=0.85), on the other hand, the MTSI is weakened and the pre-heatii
of the solar wind plasma in the extended foot is suppressed. When the distribution function of the upstream pickup ions are give
by Maxwellian, instead of a spherical shell, the size of the extended foot becomes larger and heating of downstream solar win
ions is less efficient. If the Alfven Mach number becomes high (=28), a self-reformation of the shock front occurs. This results
in a wiggled structure of the downstream solar wind ions, but the reformation seems not to contribute to strong acceleration o

pickup ions.
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Very high energy cosmic rays travel nearly straight in the interplanetary space between the Sun and the Earth. The Sun shiel
these particles and casts a tiny shadow in the cosmic ray intensity measured at the Earth, so-called the "Sun’s shadow”. W
continuously observed the Sun’s shadow in 10 TeV cosmic ray intensity with the Tibet air shower array over an entire period of
the Solar Cycle 23. We find a good correlation between the intensity deficit in the Sun’s shadow and the solar activity changinc
with the 11-year cycle. The intensity deficit decreases (increases) in the solar activity maximum (minimum) period. In this paper,
we present a variation of the Sun’s shadow observed in a period from 1996 through 2009 and discuss the effect of the large-sce
structure of the coronal magnetic field on the shadow by means of numerical simulations. We calculate trajectories of antiparti
cles ejected from the Earth to the Sun in the model magnetic field and reproduce the Sun’s shadow. For the magnetic field in th
solar corona, we adopt the PFSS (Potential Field Source Surface) and CSSS (Current Sheet Source Surface) models and exan
which model can reproduce better the observed Sun’s shadow. The PFSS model ignores effects of the electric current in the sol
corona, while the CSSS model takes account of the large-scale horizontal and volume currents. The large-scale magnetic fie
structures derived from two models are significantly different. We find that the intensity deficit in the simulated Sun’s shadow
is very sensitive to the coronal field structure. It is clear from the statistical consideration that the Sun’s shadow observed b
the Tibet air shower array is better reproduced by the CSSS model than by the PFSS model. The Tibet air shower experimel
succeeded for the first time in evaluating the coronal field models by using the Sun’s shadow observed in the very high energ
cosmic ray intensity.
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Data assimilation of the solar wind in the inner heliosphere to estimate the source functior

and solar wind variation
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We develop a technique for predicting variations of the solar wind and source functions by incorporating wind velocity data
from interplanetary scintillation (IPS) into a three dimensional magneto-hydrodynamic (MHD) solar wind model in the context of
data assimilation using the Ensemble Kalman filter. In the data assimilation process, we constrain the solar wind source functio
which relates the observable magnetic field on the solar surface and terminal solar wind velocity. Previous studies estimated tt
function statistically, while we estimate the best fit model coefficients in this study.

We perform the "twin experiments” to evaluate the data assimilation method and containment of the source function and obtair
results as follows : i) Variations of the solar wind and source function coefficients are well reproduced by the data assimilation.
ii) Case for Ensemble number of being larger than 15 shows good estimation for 40 data per day case. iii) IPS data positions d
not affect the prediction effectively because the source function affects large structure. The number of the state of a system
21 (radial) x 360 (longitude and latitude) x 8 (MHD parameter) + 2 (source function coefficients) = 60,482, while SOHO/MDI
magnetic field data is referred at the inner boundary and IPS observation “40 per day is assimilated. We discuss the applicabili
of this method to the observed solar wind.
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Solar wind acceleration mechanism is one of the most important issues to be solved in solar wind physics. We have bee
studied the relationship between velocity of solar wind which comes from coronal holes and coronal magnetic field parameter
Precedence researches in our group showed that solar wind speed, V had been in proportion to a parameter Bp/f from sol
minimum in cycle 22/23 to solar maximum in cycle 23, where Bp and f are magnetic field strength and expansion factor of the
magnetic flux tube, respectively [1]. In solar minimum in the cycle 23/24, however, polar magnetic field gets weaker and solar
wind has lower density, lower temperature, and lower mass flux than the previous minimum [2]. For this reason, we examinec
the relationship between V and Bp/f from 22/23 to 23/24 solar minima. In this analysis we used following data set. Solar wind
velocity map in each Carrington rotation was derived from the interplanetary scintillation measurements at Solar-Terrestrial
Environment Laboratory. Coronal magnetic field in each Carrington rotation was calculated by potential field source surface
model using synoptic photospheric magnetic field data observed at Kitt Peak National Solar Observatory. As results, we foun
that V always correlates positively Bp/f over the solar cycle. Then we focused on the difference of slopes of the regression line:
between two solar minima. The slope in the 23/24 minimum becomes larger, in other words, the fast solar wind in the 23/24
minimum has smaller Bp/f compared to that in the 22/23 minimum. This result was compared with a theoretical model of solar
wind acceleration [3] by taking account of the declining of solar wind parameters. We confirmed that the difference of regression
lines in two solar minima is consistent with global trend of solar and solar wind variations.

Reference

[1] Fujiki et al., Adv. Space Res., Volume 35, Issue 12, 2185, (2005)
[2] McComas et al., Geophys. Res. Lett., 38103, (2008)

[3] Suzuki,T. K., Astrophys. J. Lett., 64156, (2006)
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The galactic cosmic ray (GCR) anisotropy observed with the muon detector network monitoring high-energy GCR intensity
provides us with unique information of physical parameters, such as the spatial density gradient and the scattering mean fre
path of GCRs, which reflect the large-scale magnetic structure governing the GCR propagation in the heliosphere. The solz
cycle variation of the anisotropy particularly gives important information on the temporal variation of the GCR propagation in
the heliosphere. In this paper, we analyze the solar diurnal anisotropy observed with a network of surface and underground muc
detectors monitoring the primary GCRs in a wide energy range of 50-500 GeV. This network includes a detector at Nagoye
which has been in operation more than 40 years. The derived anisotropy shows clear 11-year and 22-year variations respective
in clear correlations with the solar activity- and magnetic-cycles. We will discuss the physical mechanisms responsible for thes
long-term variations.
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Long-term variation of the solar wind acceleration
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