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Determination of flux rope axis orientations and search of causative coronal mass
ejections for MC events during 2006 and 2007

# Nobuhiko Nishimura[1]; Munetoshi Tokumaru[2]; Katsuhide Marubashi[3]
[1] ISEE, Nagoya Univ.; [2] ISEE, Nagoya Univ.; [3] NICT

The magnetic cloud (MC) is a transient structure of the solar wind which is often associated with a specific type of the
magnetic field, called the flux rope. The magnetic structure of the flux rope is characterized by helical magnetic field lines
around the central axis. The work presented here intend to elucidate the evolution of the axis direction of MCs during the
propagation through interplanetary space. This is an important subject for obtaining better understanding of the propagatio
process of MCs in interplanetary space as well as for improving accuracy of space weather forecasting since the axis directio
is one of the controlling factor for the geo-effectiveness of MCs. A recent study showed that the axis orientation of MCs only
slightly changes during its propagation from the Sun to 1AU (Marubashi et al., 2015). However, another researches suggeste
that the axis of MCs can rotate during the propagation in interplanetary space (Yurchyshyn, 2008; Isavnin et al., 2012). In this
presentation, we report MC structures determined from in situ measurements at 1AU, and identification of causative corone
mass ejections (CMES) associated with MCs observed at 1AU. We analyze five MC events during 2006 and 2007. The MC
structures are determined from in situ observations by the Advanced Composition Explorer (ACE) using two kinds of the flux
rope model: the cylinder model and the torus model (Marubashi and Lepping, 2007). As a result, the torus model yields the axi
orientation similar to (less than 11 deg) that of the cylinder model for two MC events, a little different (near 30 deg) for one event,
and largely different (greater than 90 deg) for one event and the remaining event can be fitted well by only the torus model. Tc
identify the causative CMEs for these MC events, we check all CMEs in the Large Angle Spectroscopic Coronagraph (LASCO)
catalog (cdaw.gsfc.nasa.gov/CMit/; Yashiro et al., 2004) that occurred 0.5 to 5 days prior to the MC arrival time at 1AU and
select candidate CMEs whose first appearance time and initial velocity are consistent with the MC arrival time and velocity at
1AU. Several candidate CMEs are usually found. To examine whether these CMEs are back side or front side, we determine tt
propagation direction for eight CMEs during 2007 from Solar Terrestrial Relations Observatory (STEREO) coronagraph data
using Graduated Cylindrical Shell (GCS) model. Unfortunately, we cannot determine the propagation direction for seven CME-:
since CME shape is not clear or not detected. We need to examine some signatures of CME eruption on the solar disk in th
future study.
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Magnetic Flux Launched by CME and Magnetic Flux Carried by IFR

# Katsuhide Marubashi[1]; Hiromitsu Ishibashi[1]; Nobuhiko Nishimura[2]; Munetoshi Tokumaru[3]
[1] NICT; [2] ISEE, Nagoya Univ.; [3] ISEE, Nagoya Univ.

Most of the intense geomagnetic storms (BsL00 nT) occur when the interplanetary magnetic flux rope (IFR, also called
magnetic cloud) encounters the Earth. The IFR is taken to be a flux rope structure formed in the solar corona in associatio
with the CME which is launched into the solar wind. The magnetic reconnection is responsible for the flux rope creation and
also forms the post eruption arcade (PEA) in the corona. Based on this idea, a number of studies have been continually ma
which attempt to deduce the IFR structure from the observed magnetic fields in the corona. It has been increasingly clear that tt
axis of IFR is generally parallel to the axis of arcade structure of coronal magnetic field which forms after the eruption of CME
(PEA: Post Eruption Arcade). (See e.g., Marubashi et al., 2015, Solar Physics 290, 137.) For the purpose of getting capabilit
of predicting geomagnetic storms from observations of solar eruptive phenomena, it is needed to foresee the intensity of IFI
magnetic field as well as the shape of the IFR. Recently several attempts have been made to find out quantitative relationshi
between the magnetic flux reconnected during CME eruption and the magnetic flux carried by IFR. Although they show that
the magnetic flux launched by the CME and the magnetic flux carried by IFR are roughly equal to each other, the correlatior
coefficients between the two quantities are not very large, being in the range of 0.570.6. (See e.g., Gopalswamy et al., 2017, Sol
Physics 292:65.) We can point out one possible problem in the previous studies, that is, IFR structures determined by mode
fitting analysis can be different depending on which IFR model of the cylinder-type of the torus-type is used in the analysis. We
chose the appropriate model for each case with the condition of the parallelism between the IFR axis and the corresponding PE
axis. Although some improvement was seen through this modification, the change in correlation coefficient is not significant.
This result may suggest a possibility that some detailed physical properties must be taken into consideration.
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Numerical modeling of Solar Energetic Particle acceleration and propagation
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Solar Energetic Particles (SEPs) are distinct enhancement of particle flux in space. They are associated with solar even
such as flares, filament eruptions, and Coronal Mass Ejection (CME), and their energy is well above the thermal energy in th
solar corona (a few hundreds of eV). They have a strong impact on Space Weather through the radiation hazard to humans a
spacecraft, and the ionization of the Earth atmosphere. Therefore, understanding the physics of SEPs, generation and propagat
toward the Earth, is essential for Space Weather forecasting.

Depending on the source of energetic particles, SEP events are classified into two types; impulsive and gradual events (Rearn
1999). The impulsive events, lasting only a few hours and being rich in electrons and heavy ions, originate from flares. The
gradual events, on the other hand, continue to several days and are proton-rich. They are well associated with CMEs. Becau
of their relatively large impact on Space Weather, we especially focus on the understanding of energetic particle dynamics in th
gradual SEP events.

Energetic particles in the gradual SEPs are thought to be produced mainly at the interplanetary CME-driven shock, and the
propagate along the magnetic field line toward the Earth. Based on this scenario, a numerical model for particle transport from th
shock front to the observer at 1 AU is proposed (focused transport equation by Ruffulo 1995). Lario et al (1998) have combinec
this model with the MHD simulation of CME propagation. They give energetic particle injection at the shock front to find some
empirical relationships between the injection parameters and the shock parameters (e.g., downstream-upstream velocity ratit
through comparison between the numerical model and the observation. We advance the above model by including the partic
acceleration simultaneously (not treated as the injection). Our model is a combination of the focused transport equation and tt
drift-kinetic equation (Minoshima et al. 2010), which describes drift and Fermi accelerations at the shock. The acceleration car
be stochastically occurred when the pitch-angle scattering is included. This talk presents our new strategy in detail. The couplin
between the model and state-of-the-art data-driven MHD simulation of CME propagation (Shiota et al. 2016) will be presented.
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Study of the polar solar wind density at Cycle 24/25 minimum using dispersion
measures of Crab pulsar

# Munetoshi Tokumaru[1]; Yasushi Maruyama[1]; Kaito Tawara[1]; Kazuhiro Takafuji[2]; Mamoru Sekido[2]; Yuka
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The solar activity of the current Cycle 24, is the lowest in 100 years, and peculiar aspects of the solar wind of this cycle
have been reported from some observational studies. The most remarkable feature among those peculiarities is a significe
drop of the solar wind density. Ulysses observation made during Cycle 23/24 minimum (2007-2008) demonstrated that the fas
wind density from the polar coronal hole decreased by about 30 %, as compared to the previous cycle (McComas et al., 200¢
2013). Interplanetary scintillation (IPS) observations made at the Institute for Space-Earth Environmental Research (ISEE) o
Nagoya University showed that the solar wind density fluctuations (delta Ne) drops globally in this cycle (Janardhan et al., 2011
Tokumaru et al., 2012; Bisoi et al., 2014). This result suggests the global reduction of the solar wind density, since delta Ne is
roughly proportional to the bulk density. While Ulysses measurements are no longer available at present, ISEE IPS observation
which have conducted continuously, show that delta Ne keeps declining up to now. The sun is about to enter the next (Cycl
24/25) solar minimum, and recent ISEE IPS data show that fast solar winds have developed over both North and South pole!
It has been pointed out the possibility that the activity level of the next cycle is as low as or even weaker than the current cycle
hence to elucidate how the solar wind evolves in future is an important subject.

We plan to make observations of pulsar DM (dispersion measure) as well as IPS to investigate evolution of the solar winc
toward the next cycle in detail. The DM is a parameter to represent the frequency dispersion observed in the pulsar signa
and also the integrated plasma density along the line-of-sight (los). By taking difference between DMs when the pulsar’s los is
located close to and far from the Sun, one can determine the (integrated) density of the solar wind. This kind of remote-sensin
measurements using either IPS or pulsar DM is the only method to observe the high-latitude solar wind at present, since Ulysse
observations are no longer available. Pulsar DMs are more direct measurements of the density, while IPS observations provi
data of delta Ne. The los of Crab pulsar observed in this study approaches to the Sun in mid-June as close as 5 solar radii ov
the South pole. DM measurements using the Crab pulsar were made in 1970s (Counselman Il &amp; Rankin, 1972, 1972
Weisberg et al., 1976), and the solar cycle change of the polar solar wind density was revealed. In this study, we intend to reve:
peculiarity of the present solar wind by comparing with those data. The radial distance range observed in this study include
the region in close proximity to the Sun, where our IPS observations are unavailable owing to the effect of strong scattering
Hence, pulsar measurements for such near-Sun region may enable us to provide new information to gain insight into the sol:
wind acceleration.

We established a system for pulsar DM measurements by utilizing the radio-telescope at Toyokawa (SWIFT; Tokumaru e
al., 2011). The observation frequency of SWIFT is 327 MHz, and the effective area is 7O menith). For pulsar DM
measurements, a high-speed (2Gbps) data sampler ADS3000+ and a 10-TB file server was installed at Toyokawa. The 10C
Ethernet is used to data transfer from ADS3000+ to the file server. Software for data acquisition and analysis were provide
frim the Kashima Space Technology Center of NICT. Observations of Crab pulsar using this system started in last Novembel
and clear pulsar signals have been detected from the data. | will report preliminary results obtained from the analysis of dat
collected at Toyokawa.
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Electron acceleration at Earth’s foreshock: One-dimensional PIC simulation

# Fumiko Otsukal1]; Shuichi Matsukiyo[2]; Tohru Hada[1]
[1] ESST, Kyushu Univ; [2] ESST Kyushu Univ.

The Earth’s foreshock extends to a large domain of upstream quasi-parallel bow shock, and is characterized by presence
such phenomena as field-aligned beams (FAB), diffuse ions, ultra-low frequency (ULF) waves, high-frequency whistler waves.
SLAMS, shocklets, and so on. We have performed a long-term and large-scale one-dimensional PIC simulation of a quasi
parallel collisionless shock to understand the physics of the foreshock which has not been clearly understood. In the previou
presentation, we reported the FAB generation, ULF wave excitation by the FAB, ion acceleration near the shock, and electro
acceleration in the shock precursor. In this presentation, we investigate the electron acceleration mechanism in more deta
Electrons are accelerated via scattering by the large amplitude Alfven waves near the shock, and also by the whistler wave
further away from the shock. The whistler waves are excited in the region where the electron velocity distribution function has an
asymmetry along the background magnetic field. We discuss the relation between the whistler wave excitation and the electro
velocity distribution function.
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Investigation of Electron Acceleration through the Interaction of between the Earth’s
Bow Shock and an Interplanetary Shock

# Masaru Nakanotani[1]; Christian Mazelle[2]; Shuichi Matsukiyo[3]; Tohru Hada[4]
[1] ESST, Kyushu Univ.; [2] CNRS,IRAP; [3] ESST Kyushu Univ.; [4] ESST, Kyushu Univ

Shock waves can exist wherever supersonic relative flows exist in space. They often approach and even collide with each oth
(we call it a shock-shock interaction). For instance, it is commonly observed that an interplanetary (IP) shock interacts with
planetary bow shocks or the heliospheric termination shock. Beyond the heliosphere, shock-shock interactions can be also se
in many astrophysical circumstances.

In those situations, we have a question: ’Is particle acceleration through a shock-shock interaction more efficient than tha
occurring in a single shock wave?’. However, we have little direct evidence of particle acceleration by a shock-shock interaction
Hietala et al.[2011] discussed ion acceleration while an IP shock was approaching to the bow shock by mainly using ACE,
WIND and GEOTAIL data. They argued that ions can be accelerated through bouncing off between the two shocks with a Ferm
acceleration mechanism. Until now, on the other hand, we do not still have a direct evidence of electron acceleration by a shock
shock interaction.

In this paper, we report a spacecraft observation implying electron acceleration due to the interaction between an IP shoc
and the bow shock on January 20, 2004. While CLUSTER observed increase of electron flux two hours before the IP shocl
crossing, ACE and WIND did not observe such electron flux increase. The reason for the difference is that although CLUSTEF
was magnetically connected to the bow shock and IP shock, ACE and WIND were only connected to the IP shock. In this
case, energetic electrons were probably accelerated through bouncing off between the two magnetically connected shocks. T
electrons have a bi-directional pitch angle distribution implying that they come and go between the two shocks. We discus:
the acceleration mechanism in detail and compare its efficiency to the case of single shock acceleration (usual diffusive shoc
acceleration).
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Electron energization in high beta low Mach number quasi-perpendicular shock

# Shuichi Matsukiyo[1]; Yosuke Matsumoto|[2]
[1] ESST Kyushu Univ.; [2] Chiba University

We investigate the roles of electron shock drift acceleration in a high beta and low Mach number quasi-perpendicular shocl
which is commonly present in a variety of circumstances in space such as pickup ion mediated heliospheric termination shock
cosmic ray modified sub-shcok of a supernova remnant shock, galaxy cluster merger shock, etc. We previously showed thi
some of the upstream incident thermal electrons are accelerated through the mechanism called shock drift acceleration al
reflected back toward upstream. For appropriate parameters, accelerated electrons can have relativistic energy after the reflecti
However, the region of parameter space where the mechanism works is limited. Here, we examine the possibility that a higl
beta and low Mach number shock can preferentially accelerate the particles having already non-thermal energies which al
preaccelerated through some unknown mechanisms. We perform two-dimensional full particle-in-cell simulation of a high beta
and low Mach number quasi-perpendicular shock. In addition to the self-consistent plasma electrons and ions, test electror
whose temperature is one order higher than background upstream self-consistent electrons are introduced. We assume that th
halo electrons are sufficiently tenuous so that they do not affect electromagnetic fields. We found that the halo electrons ar
well energized, even though background self-consistent electrons are not. Mechanism and efficiency of energization of the hal
electrons are discussed.
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On the Kelvin-Helmholtz-like waves at the lunar wake boundary in the solar wind

# Tomoko Nakagawa[1]; Hideo Tsunakawa[2]
[1] Tohoku Inst. Tech.; [2] Dept. Earth Planet. Sci., Tokyo TECH
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Kelvin-Helmholtz vortex-like waves were found by MAP/LMAG onboard Kaguya in the lunar wake. They were preferentially
found in the lunar wake boundary when the solar wind magnetic field was perpendicular to the bulk flow. The sense of rotation
was consistent with the Kelvin-Helmholtz vortex. The thickness of the density gradient layer at the wake boundary was abou
300-430 km, which was only several times of ion Larmor radius. The waveform was steepened at the wake boundary, and becan
sinusoidal in the central wake. No dawn-dusk asymmetry as observed at Mercury was found.
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Evolution of pickup ion density structures in the outer heliosheath

# Ken Tsubouchi[1]
[1] Tokyo Institute of Technology

Two-dimensional hybrid simulations are performed to investigate how the density structure of pickup ion (PUI) evolves in
the outer heliosheath (OHS). OHS is considered to be the source region of localized bright emission of energetic neutral atorn
(ENASs), known as IBEX Ribbon. The most probable source of these ENAs is PUIs in OHS, origin of which is the charge-
neutralized solar wind inside the heliosphere. In the simulation system, we assume hot solar wind and cold interstellar plasma
which tangentially flow each other at the heliopause. Such environment allows evolution of Kelvin-Helmholtz instability (KHI),
resulting in the plasma mixing as well as turbulence development in its nonlinear stage. We analyze the effect of these KH
properties upon the PUI dynamics in OHS. We have identified the growth of filamentary structure in the PUI density when the
primary PUI energy density is comparable to those of the background plasma. We will further discuss the dependence of sever

PUI parameters on the characteristic of PUI dynamics in OHS, which can cause the non-stationarity and non-uniformity of IBEX
Ribbon.
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Development of the online integrated archive system for NICT-Tohoku Univ. solar radio
observation

# Hiromitsu Ishibashi[1]; Hiroaki Misawa[2]; Kazumasa Iwai[1]; Takahiro Naoi[1]; Fuminori Tsuchiya[3]; Yuki Kubo[1]
[1] NICT; [2] PPARC, Tohoku Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.

The importance of solar radio observations has been re-acknowledged in a space weather community lately. Solar radio burs
in GHz band are directly related to space weather disasters as follows: increase in GNSS positioning errors caused by interferen
in GNSS signals of solar radio bursts; and interruption of air traffic caused by radio wave interference in ATC (Air Traffic Control)
radar system. Therefore, observation of solar radio bursts in GHz band is very significant from the viewpoint of space weathe
disaster monitoring. At the same time, solar radio bursts in MHz band is still recognized as the warning signals associated witl
formation and propagation of the CME-driven shock wave in solar corona. In addition, solar radio bursts in MHz and GHz band
are closely related to each other in terms of their origin: each of them are generated by high energy electrons accelerated in tl
corona. Thus the wide-band observation of solar radio bursts has potentials enough to stimulate many researchers.

In National Institute of Information and Communications Technology (NICT), wideband (70 -9000 MHz) solar radio spec-
trograph in Yamagawa radio observation facility has been in operation. On the other hand, Planetary Plasma and Atmospher
Research Center (PPARC), Tohoku University started solar radio observation in lower frequency band (20-150 MHz). As for the
frequency range, they are mutually complementary with each other and thus we could observe solar radio bursts in significar
wideband under close mutual cooperation. For realizing this idea, we have been jointly working with Tohoku University to
develop an online integrated archive system for solar radio observation datasets (FITS, etc.). This system aims to allow use
to browse or handle all of data sets of solar radio bursts observed at Hiraiso, Yamagawa (NICT), litate, and Zao observator
(Tohoku University) in a sophisticated and integrated way.

In this presentation, we will briefly report the current status of development of the online integrated archive system for NICT-
Tohoku Univ. solar radio observation.

Acknowledgements: This work is supported by Tohoku University based on PPARC's collaborative research program.
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Observation of Solar Radio Zebra Pattern Modulated by Propagating Fast Sausage Wav

# Kazutaka Kaneda[1]; Hiroaki Misawa[2]; Kazumasa lwai[3]; Satoshi Masuda[4]; Fuminori Tsuchiya[5]; Yuto Katoh[6];
Takahiro Obara[7]

[1] PPARC, Geophysics, Tohoku Univ.; [2] PPARC, Tohoku Univ.; [3] NICT; [4] STEL, Nagoya Univ.; [5] Planet. Plasma

Atmos. Res. Cent., Tohoku Univ.; [6] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [7] PPARC, Tohoku University

Zebra patterns (ZPs) are one kind of fine structures observed in type IV solar radio bursts. In the dynamic spectrum, they loo|
as a number of nearly parallel stripes superimposed on the background continuum. ZPs often show quasi-periodic modulations
their time profile of intensity or stripe frequency which are known as quasi-periodic pulsation and wiggling, respectively. Since
these modulations are possibly related to magnetohydrodynamic waves in their source regions, they can be used to estime
some plasma parameters in the corona which cannot be observed directly. In spite of their high potential to diagnose the coron
plasma, the temporal variation in the frequency separation between the adjacent stripes of ZPs (delta-f) has not been studi
well. In this study, we investigated a ZP event on 2011 June 21. By analyzing highly resolved radio spectrum data from the
Assembly of Metric-band Aperture Telescope and Real-time Analysis System (AMATERAS), the temporal variation in delta-f
was obtained. We found that delta-f increases with the increase of emission frequency as a whole, which is consistent with th
double plasma resonance (DPR) model. Furthermore, we also found that irregularities in delta-f are repetitively drifting from
the high frequency side to the low frequency side. Their frequency drift rate was 3-8 MHz/s and the repetitive frequency was
several seconds. Assuming the ZP generation by the DPR model, the drifting irregularities in delta-f correspond to propagatin
disturbances in plasma density and magnetic field with speeds of 3000-8000 km/s. Taking account of these facts, the observi
modulations in delta-f can be explained by fast sausage waves propagating through the corona. We will also discuss the plasr
conditions in the corona estimated from the observational results.
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Optical observation of neutral helium distribution in interplanetary space by Hisaki

# Atsushi Yamazaki[1]; Go Murakami[2]; Kazuo Yoshioka[3]; Tomoki Kimura[4]; Fuminori Tsuchiya[5]; Masato Kagitani[6];
Takeshi Sakanoi[7]; Naoki Terada[8]; Yasumasa Kasaba[9]; Ichiro Yoshikawa[10]; Yamazaki Atsushi Hisaki (SPRINT-A)

project team[11]

[1] ISAS/JAXA,; [2] ISAS/IAXA,; [3] The Univ. of Tokyo; [4] RIKEN; [5] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [6]
PPARC, Tohoku Univ; [7] Grad. School of Science, Tohoku Univ.; [8] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [9]

Tohoku Univ.; [10] EPS, Univ. of Tokyo; [11] -

The Hisaki (SPRINT-A) satellite has a main scientific topic of the planetary magnetspheic and atmospheric observation for &
long term, but carried out the non-planetary observation at the time when there is no oppotunity for observation of all planets

One of those cases is observation of helium atom resonance scattering from interplanetary space.

A material in the local interstellar medium (LISM) travels into the heliosphere over the heliopause by the relative velocity of
the heliosphere and interstellar gases. The helium atoms move into about 0.5Au from the neighboring of the sun without ionizing
because of its high ionization energy. The helium atoms are bent by sun gravity along the Keplerian orbit and forms a higk
density region on the down wind side, which is called helium cone. The distribution of helium atoms in the helium cone can
estimate the speed and direction of the interstellar wind, and the density and the temperature of the helium atom in interstell

gases.

Such a study was carried out from the 1970s, but the recent IBEX satellite observation results the distribution of interstella
gasses change dinamically. The Hisaki satellite carried out the observaiont of the resonance scattering from the helium con
Hisaki observed the helium cone for two months in 2015 including a ecliptic longitude with the maximum density of the helium

in the cone. In this presentation, the helium cone observation result and the change of the wind direction are reported.
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Numerical simulation of the transport process of cosmic rays into the heliosphere

# Keisuke Shimokawa[1]; Tohru Hada[2]; Shuichi Matsukiyo[3]
[1] ESST, Kyushu Univ; [2] ESST, Kyushu Univ; [3] ESST Kyushu Univ.

http://www.esst.kyushu-u.ac.jp/"space/

Cosmic rays are highly energetic charged particles found almost everywhere in space. Although the majority of galactic
cosmic rays (GCRs) are prevented from entering the heliosphere, some fraction of them can reach deep inside it and can |
observed at the Earth. It is not well understood how and from where the GCRs penetrate into the heliosphere. The heliosphel
has two large scale discontinuities called the solar wind termination shock and the heliopause. The magnetic field inside th
heliosphere typically shows the Parker spiral feature, while the field lines outside the heliosphere (local interstellar space) til
from those of the solar wind. The trajectories of the GCRs transported into the heliosphere should be complicated because
such complex boundary structures of the heliosphere. Voyager spacecraft are now exploring in-situ the boundary region of th
heliosphere and the boundary structures are intensively studied. Further, large scale MHD simulations are also performed at
detailed structures of the boundary region are being revealed. In this study, we investigate the transport process of the GCRs in
inside the heliosphere by performing test particle simulations using the electromagnetic fields produced by a large scale MHI
simulation.

We follow the motions of a large number of test particles (protons) in the electromagnetic fields obtained from the MHD
simulation which assumes steady state solar wind and interstellar plasma interactions. There are three typical types of magne
field line configurations, i.e., interstellar magnetic field lines draping the heliosphere, spiral solar wind magnetic field lines swept
away downward by the interstellar wind, and the field lines connecting these two at the heliopause. Here, we consider the te:
particles with different energies, 10, 100, and 1000 GeV. Initially, they are homogeneously distributed in the interstellar space
far upstream of the heliosphere. Their initial velocities are along the local magnetic field. We found that the transport proces:s
varies depending on the particle energy. For 10 GeV protons, a majority of the particles travel around the heliosphere along th
draping field lines or are mirror reflected at the front edge of the heliosphere. Nevertheless, some of other particles approach tt
heliopause and keep the motion in the vicinity of the helioshere. Some of these particles reach deep inside the heliosphere alo
the solar wind current sheet with relatively short time. Some others travel tail ward along the heliopause and are captured at
certain position by a solar wind spiral field line to follow it toward the sun with relatively long time. For 1000 GeV protons, some
particles can enter the heliosphere almost without being affected by the solar wind magnetic field due to their large gyro-radius
In the poster, we further estimate some quantities like the efficiency of transport, the time to reach deep inside the heliospher:
etc.
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One-dimensional PIC simulation of boundary region of heliosphere

# Tomoki Noumi[1]; Shuichi Matsukiyo[2]; Tohru Hada[3]
[1] ESST,Kyushu Univ.; [2] ESST Kyushu Univ.; [3] ESST, Kyushu Univ

The structure of the heliospheric boundary region is highly complex. There are two important discontinuities called the solar
wind termination shock and the heliopause. The solar wind is decelerated at the termination shock from supersonic to subsoni
The decelerated solar wind is finally held back at the heliopause. The boundary region is now being explored in-situ by Voyage
spacecraft. Numerically, it has been extensively studied by using MHD simulations. However, kinetic simulation is necessary tc
clarify microstructures in this region.

In this study, the termination shock and the heliopause are simultaneously reproduced by using one-dimensional full particle
in-cell simulation to understand their microstructures and interactions. Initially, simulation space is divided into two regions
filled with solar wind plasma at rest and interstellar plasma having a bulk velocity. The latter is continuously injected from
the left boundary. As time passes a shock wave (termination shock) is formed in the solar wind and the boundary between th
solar wind and the interstellar plasma becomes a contact discontinuity (heliopause). We assume that solar wind plasma beta
0.23, the ratio of electron cyclotron to plasma frequencies is 0.21, relative density of the interstellar plasma to the solar winc
plasma is 9, relative temperature 4, relative magnetic field magnitude 6, and flow velocity is 4.7 times the Alfven velocity in the
solar wind. Electron and ion temperatures are identical in each region. When the ambient magnetic field is perpendicular to th
system, Alfven Mach number of the shock is 6.2. We confirmed that Rankine-Hugoniot relations are roughly satisfied at the twa
discontinuities. In the poster, microstructures of the two discontinuities will be analyzed in detail. We will also report how the
structures are modified when the direction of the ambient magnetic field becomes oblique.

KB B HIFEE LT KGR T T A&, KRGE EMEEN 2 2B % BRZERICER L TV 5, KB, WEI7ZEE
R (RREOBEEE YT ARG, SMllZ &R, SEEOHEE TSI AN ED T VD, Wi DB 3R E R
WMERENTWVS, KB ESMIDER TS X< OEFUIANY 4R — X EMHEN 2 B TH 5, 5 LK
BV D EARGE X, RA Y v —EERIC X B MHD 5HEZ W THER IINCHIZR SN TS, L LEDS,
FREGE BN A R— 2D 2 7 OREEICII AR ANE . ZOMIICIET RN ABETENRE L SN TWd, X
Tz. 2 DOAREHEEH OMIEH LD KIGE 75 AR Tz EN TV B 28, W& I HWOREIYEE 5 X155 0, BE
OEFFRIEBEREB T NS 2 1 DOFR CRIBHCHB Lm0,

AWFZE T, 10T PICEHEZ HWWT, RIRERD &N A R—XD 2 DO HZ FEREHE L, S8
DIV EEL ZNSOMHEFERZRIAT 2 e Z2HNE T 5, WIIAZKMEE LT, EHEEB T T XX & KGED H D
% 2 DDOFEHITH T B FHEIEAKGEDOEHIERTITWV, —EEEZRDEM TS X~z Ffilh SIS %, K
HORGHE & & &I KR mAIC BB, ROmEEE) DR E N, KGEE RS A< OBERNEMASEE T (N 4
R—=X) k%, TTTR, KBROR—21l7%z 0.23 EFE1YA7obo dk#iiie 7o X~ RO 021 L,
KBFEUC T 2 52 M 7T A= ORI g7 9, REx 4, WIHREZ 6. MNOMERE KIGEH 7 IV T T = 2 dED
4715 Uk, iz, BEBOBARE LA A VIRERELWVE Uiz, WIS 2 RIS UTEE R (2 51) IH-
el &, MR ENTEHEE DT IV TR NI 6.2 TH o Tz, JSAMHEICH ) ZYFEOZ . SvFry—ad
ZABREFIE L RN ERMER LTz, FHETIZ., TND 2 DDOREEHO I 7 aEIc DOV THER L. & BICHNB
LR (xz W) I Lz EOZICDNTIRET %,



	R007-01
	R007-02
	R007-03
	R007-04
	R007-05
	R007-06
	R007-07
	R007-08
	R007-09
	R007-P01
	R007-P02
	R007-P03
	R007-P04
	R007-P05

