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Hybrid simulations on the evolution of the pickup density structure associated with the
fluctuating heliopause

# Ken Tsubouchi[1]
[1] The University of Electro-Communications

We have examined the pickup ion (PUI) dynamics influenced by the fluctuating heliopause by means of two-dimensional
hybrid simulations. PUls are provided in the outer heliosheath, where a charge exchange process takes place between the neu
solar wind and interstellar plasmas. The PUI column density integrated in the direction perpendicular to the heliopause implie:
the profile of energetic neutral atom (ENA) emission detected by IBEX. In this study, we investigated how the Kelvin-Helmholtz
instability or magnetic reconnection affect the PUI density structure under various conditions in the vicinity of the heliopause.
The characteristics of the resultant column density can associate the profiles from IBEX observations with the physical processe
occurring around the heliopause. It is expected that the results will be used as a template for determining the environment of th
heliospheric boundary region.
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Numerical simulation of the transport process of galactic cosmic rays into the
heliosphere

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

Cosmic rays are highly energetic charged particles found almost everywhere in space. Although the majority of galactic cosmi
rays (GCRs) are prevented from entering the heliosphere, some fraction of them can reach deep inside it and can be observec
the Earth. The heliosphere has two large scale discontinuities called the solar wind termination shock and the heliopause. Tt
heliospheric magnetic field typically shows the Parker spiral structure and plays a dominant role in the transport process of GCR
Voyager spacecraft have explored in-situ the boundary region of the heliosphere. Further, large scale MHD simulations are als
performed and detailed structures of the boundary region are being revealed. In this study, we investigate the transport process
GCRs into inside the heliosphere by performing test particle simulations using the electromagnetic fields produced by a globe
MHD simulation.

In the last meeting we reported the results of analysis on some typical orbits of test particles (protons) in the electromagneti
fields obtained from an MHD simulation in which a global heliosphere is reproduced by assuming the time stationary solar wind
conditions. The following points are revealed. Most of lower energy (10 GeV) particles go around the heliosphere along the
draped interstellar magnetic fields or are mirror reflected so that only a few particles can enter the heliosphere. When particl
energy becomes large (1000 GeV), such particles can relatively easily enter the heliosphere since their gyroradii are in the san
order of the size of the heliosphere.

In this study, we calculate motions of larger number of particles with sufficiently long time and investigate statistics of the
particles which finally reach the inner boundary at 50 AU. As initial conditions, 1 million particles homogeneously distributed in
the interstellar space far upstream of the heliosphere on the surface of 1/8 sphere at R = 500 AU. Their initial velocity distribution
function is given by mono-energetic shell distribution. Sufficiently long time simulations with different particle energies from
10 GeV to 100TeV are performed and statistics of the particles finally reach the inner boundary is examined. It is found that the
ratio of invading particles increases as their initial energy. The particles having relatively low energy (&It; a few 100 GeV) have
higher probability of reaching the polar region, while the particles having middle energy ("1000 GeV) have higher probability of
reaching the region of mid-latitude and mid-altitude. In the poster we will show the results of analysis on higher energy particles
and, further, estimate energy distribution of particles outside the heliosphere.
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Neutral helium distribution in interplanetary space by Hisaki observation

# 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]
[1] ISAS/IAXA; [2] ISAS/IAXA,; [3] The Univ. of Tokyo; [4] Tohoku University; [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

The Hisaki (SPRINT-A) satellite has a main scientific topic of the planetary magnetspheic physics and atmospheric evoluiton
by long-term observations, but carried out the non-planetary observation at the time when there is not observation oppotunity fc
planets. One of them is an observation of helium atom resonance scattering from interplanetary space.

A material in the interstellar medium (ISM) travels into the heliosphere over the heliopause due to the relative velocity between
the heliosphere and interstellar gases. The helium atoms move into about 0.5Au of the neighboring from 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. The interplanetary observation is one of tools to recognize the interstellar medium from inside the heliosphere.

This study was carried out from the 1970s, but the recent IBEX satellite observation results show that the interaction betwee|
the ISM and heliosphere. The Hisaki satellite carried out the observaiont of the resonance scattering from inside the helium con
during November and December of three years. In this presentation, the Hisaki's observation results of the helium cone in yeal
of 2015 - 2017 are shown, and the features of the interstellar wind are reported.
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Long-term variation of galactic cosmic ray intensity observed with the Nagoya
multidirectional muon detector

# Kazuoki Munakata[1]; Rafael Mendonca[2]; Chihiro Kato[1]; Munetoshi Tokumaru[3]
[1] Physics Department, Shinshu Univ.; [2] INPE; [3] ISEE, Nagoya Univ.

http://cosray.shinshu-u.ac.jp/crest/

We recently developed the method of the correction of the atmospheric temperature effect on muon count rate by using th
GMDN (Global Muon Detector Network) data (R. R. S. Mendonca et al., Astrophys. J., 830:88, 2016). This is a significant
step, because it makes possible for the first time the analysis of the long-term variation of "50 GeV cosmic ray density (i.e.
isotropic intensity) which has been possible only for cosmic ray below “10 GeV using the neutron monitor data nearly free from
the temperature effect. In this report, we report the 11-year and 22-year variations of cosmic ray density observed with Nagoy
muon detector in 1970-2012 and discuss the energy dependence of variations by comparing the observation with the neutre
monitor.
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Radio observation of the Solar Corona from Occultation of the Crab Pulsar

# Kaito Tawara[1]; Munetoshi Tokumaru[1]; Yasushi Maruyama[1]; Kazuhiro Takafuji[2]; Toshio Terasawa[3]
[1] ISEE, Nagoya Univ.; [2] KSTC, NICT; [3] ICRR, Univ. Tokyo

The Crab Pulsar (PSR B0531+21) is a relatively young neutron star located in the center of the Crab Nebula. The Crat
emits broadband pulses with an emission interval of 33ms over a wide spectrum range from radio waves to gamma rays, ar
also occasionally emits extremely strong pulses called 'giant pulses’ with intensity 1000 times greater than the regular pulses
Counselman &amp; Rankin (1972, 1973) and Weisberg et al. (1976) determined the mean electron density of the solar coron
from measurements of radio-frequency dispersion measure (DM) for the Crab in mid-June, when the line-of-sight (los) of the
Crab approaches to the Sun as close as 5 solar radii over the South pole. The DM is the integrated column density of free electro
between an observer and a pulsar, therefore one can determine the integrated coronal density by measuring the Crab’s DMs
mid-June.

We have observed the Crab using Solar Wind Imaging Facility Telescope (SWIFT) at the Toyokawa radio observatory since
November 2016. The observation frequency of SWIFT is 327 MHz, and the effective area is 1¢@0z@nith). In mid-June
2018, we conducted Crab observations for seven days to estimate the coronal density. As a result, we detected an increase of "0
pc cnt 3 in DM on June 16 when the Crab’s los was closest to the sun. This DM increase is consistent with the integrated corona
density model along the los. Our data also showed relatively high pulse temporal broadening and low giant pulse detectiol
number in the same period. These may suggest an increase in pulse scattering due to density fluctuations in the corona.
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Visualization of the inner heliosphere and space weather forecasting using interplanetar
scintillation observations

# Kazumasa lwai[1]; Daikou Shiota[2]; Munetoshi Tokumaru[3]; Ken’ichi Fujiki[4]; Mitsue Den[2]; Yuki Kubo[5]
[1] ISEE, Nagoya Univ.; [2] NICT; [3] ISEE, Nagoya Univ.; [4] ISEE.,Nagoya Univ.; [5] NICT

Coronal mass ejections (CMEs) sometimes cause disturbances of the geospace which are closely related our life such as ra
telecommunications, spacecraft and airplanes operations, and GPS navigations. Therefore, forecasting of CMEs has becoil
more and more important. However, the prediction of the CME arrival is still difficult because the initial speed of CMEs
derived from white light coronagraph observations has an ambiguity, and the acceleration and deceleration processes of CMI
propagating in the interplanetary space have not been understood well. An interplanetary scintillation (IPS) observation detec
CMEs from the continuous ground-based radio observations. Institute for Space&amp;#8211;Earth Environmental Researc
(ISEE), Nagoya University has operated radio telescopes dedicated to the IPS observation at 327 MHz, which can detect rad
scintillation signals generated between 0.2 and 1.0 AU. On the other hand, it has been difficult for the IPS observation, whict
scans the inner heliosphere once a day, to detect fast CMEs. The purpose of this study is to develop a visualization system of tl
IPS observation data using MHD simulation to understand propagation processes of CMEs in the inner heliosphere and predi
their arrival to the Earth. In our IPS data driven MHD simulation system, the initial speed of a CME is roughly derived from
the white light coronagraph observations. Then, the propagation of the CME is calculated by the MHD simulation (SUSANOO-
CME; Shiota and Kataoka 2016). An IPS amplitude of each radio source is calculated using the 3D electron density variatior
derived from the MHD simulation. Several calculated IPSs are compared with the observed IPS to evaluate the most accurat
simulation result, which enables us to predict the arrival time the CME. We simulated the propagation of some CMEs observec
in 2017 and succeeded to derive the calculated IPS that are close to the observed IPS.
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Comparative Study of Microwave Polar Brightening, Polar Coronal Hole, and Polar
Solar Wind

# Ken'ichi Fujiki[1]; Kiyoto Shibasaki[2]; Seiji Yashiro[3]; Munetoshi Tokumaru[4]; Kazumasa Iwai[5]
[1] ISEE.,Nagoya Univ.; [2] Solar Physics Research; [3] CUA; [4] ISEE, Nagoya Univ.; [5] ISEE, Nagoya Univ.

Polar brightening of the Sun at 17 GHz observed with the Nobeyama radioheliograph shows a solar cycle dependence, bright
at a solar minimum and darker at a solar maximum. Also, it has been reported that the polar brightening highly correlates tc
polar magnetic field strength (r"0.86). The plausible model to explain the cycle dependence of polar brightening is that a heigh
scale of the solar atmosphere in the polar region depends on the solar cycle. Indeed, the polar region is covered by large coror
holes except for a short period during a solar maximum, and the size of the polar coronal hole depends on a solar cycle.

Motivated by these observational facts, we compare the polar brightening, polar coronal-hole size, and polar solar-wind spee
from July 1992 to December 2017. The magnetic features in the polar regions are determined by using synoptic observation da
obtained at Kitt Peak National Solar Observatory, coupling with a coronal magnetic field extrapolation technique. The solar-wind
speed in the polar region is determined by using the interplanetary scintillation (IPS) observation at Nagoya University.

As results, we obtained the following results. 1) The distribution of polar brightening matches spatially and temporary to
the probability distribution of coronal holes. 2) The brightness temperature of the polar brightening strongly correlates with the
predicted size of the polar coronal hole (A); r'0.95. 3) The solar wind speed (V) around the polar region highly correlates with
the polar brightening; r"0.81. From these results, we conclude that polar brightening reflects the coronal-hole area or magnet
flux expansion rate (f) in the polar region. Solar wind speed can be predicted by using the polar brightening, which is similar to
the empirical relationships of A-V and f-V.
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Generalization of constant-alpha force-free cylindrical flux rope model

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

The interplanetary flux rope (IFR) is a transient magnetic field structure expelled from the Sun. The magnetic field structure
of IFR consists of helical field lines whose pitch angles change with the distance from the axis. These properties are ofter
compared with those at the Sun. For example, the tilt angle of the axis is compared with that of the magnetic polarity inversior
line on the photosphere or the elongation direction of coronal mass ejection (Yurchyshyn et al., 2007; Marubashi et al., 2015)
This comparison should help us to understand the dynamics of IFR propagation and lead to improvement of space weathe
forecasting. On the other hand, helical field lines relate to the poloidal magnetic flux inside the IFR and the magnetic flux is
compared with that of the eruption region. This comparison gives us hint on how reconnection contributes to the formation of the
poloidal magnetic flux of the flux rope at the Sun (Hu et al. 2014). Thus, understanding the axis orientation and helical field lines
of IFR is important. IFR structure has been analyzed by many model fitting methods and reconstruction methods. A widely use
model is the cylindrical constant-alpha force-free model (Burlaga, 1988; hereafter, we call it the traditional model). This model
is based on the Lundquist solution and the pitch angle of the helical field line becomes 90 deg at the boundary. This boundar
condition has been used since many IFRs show 180 deg rotation of observed magnetic field direction. However, IFRs exhibitint
considerably small rotations of the magnetic field (for example less than 60 deg) are often observed suggesting that the pitc
angle of the helical field line at the boundary may not be 90 deg. Therefore, we relax the restriction that the pitch angle shoulc
be 90 deg at the surface and try to fit the observational data to this generalized flux rope model. It can be done by taking the pitc
angle at the surface as an additional free parameter in addition to the traditional model. It is known that this new model satisfie
the force-free condition. The selection of the pitch angle at the boundary should affect the model fitting result; the structure of
the helical field lines and the axis orientation. Therefore, it is expected that the new model changes our understanding of th
relationship between IFRs and flux ropes at the Sun. In this presentation, we introduce the new model and show the differenc
between results from our new model and those from the traditional model. We analyze 87 magnetic obstacles (MOs) listed i
Linkcat (https://www.helcats-fp7.eu/catalogues/wgat.html) between 2008 and 2013. The term magnetic obstacle is introduced
by Nieves-Chinchilla et al. 2018 in order to signify the possibility of more complex IFR configurations. Thus, MOs are allowed
for departures from idealized IFR configurations. The new and traditional cylindrical models are fitted to in situ observations of
MOs by Wind, STEREO-A or STEREO-B. 38 out of 87 MOs are fitted well using the new model (cf. 35 out of 87 MOs for
the traditional model). The remaining MOs (49 out of 87 MOs) may not be structures suitable for cylindrical flux rope models;
toroidal or highly distorted shape and so on. The difference of tilt angles between the new model and the traditional model is
found to be small (less than 15 deg) except for one event. Therefore, the selection of the pitch angle at the boundary little affect
tilt angles. However, the large difference of axis orientations (greater than 30 deg) is shown for about 30% events although th
tilt angles are maintained. The pitch angle of the new model at the boundary significantly changed from that of the traditional
model for the non-negligible number of events (about 40% events). The results show that the new cylindrical model should be
taken into account especially in examining the helical field line structure of IFR.
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Comparison of Models for Analysis of Interplanetary Flux Rope Structures

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

The interplanetary magnetic flux ropes (IFRs) have long been studied from the viewpoints that they are main drivers of strong
(Dst &lt; 100 nT) geomagnetic storms, and that they provide information on the generation mechanism of CMEs. Itis a key prob-
lem in such studies to determine the 3-D geometries and the internal magnetic field structures of IFRs. In order to challenge th
problem, we need to assume a model of the IFR and compare the model structure with observed magnetic fields in IFRs, becau
the in situ solar wind observations are made at a single point. Currently, the following three analysis methods are commonly
used: (1) to compare the observations with models based on the force-free field configurations, (2) to assume appropriate elect
current distribution without a force-free condition and compare the model fields with the observed fields, and (3) a method base
on the Grad-Shafranov (GS) equation that is valid for 2-D magnetic field structure. The IFR properties obtained by these 3 meth
ods do not completely agree, so far. Indeed, there are many IFR examples for which the 3 methods yield completely differen
geometries. Recently, Al-Haddad et al. (Solar Phys, 2018) examined the degree of mutual agreement between the results frc
the 3 methods for 13 simple IFRs carefully selected. Inspired by the work, we have decided to attempt to reconcile results fron
the force-free model and the GS reconstruction. The point is that the axial field is not zero at the surface of an IFR obtained fron
the GS method. In other words, the GS method cannot be applied to those IFRs which exhibit magnetic field rotations greate
than 180&amp;#61616; across the structure. On the contrary, the force-free model, in which it is commonly assumed that th
axial field is zero at the surface, may not be appropriate to reproduce such IFRs for which the rotation angle are small. It is
expected that a new model by Nishimura et al. (2018, presented in this SGEPSS meeting) gives better results. We attempt
inspect the above idea using the 13 IFRs selected by Al-Haddad et al.

KA T —7 (IFR) &, 58L&V (Dst &lt; -100 n'T) OERENE & LT, £z CME R EBBEOTHN 0 2 H i
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Parametric decay instability of Alfven waves in the solar wind

# Munehito Shoda[1]; Takaaki Yokoyamal[2]; Takeru Suzuki[3]
[1] Earth and Planetary Science, Univ. of Tokyo; [2] Dept. EPS, The Univ. Tokyo; [3] Physics dept., Nagoya Univ.

Using numerical simulations we investigate the onset and suppression of parametric decay instability (PDI) in the solar wind
focusing on the suppression effect by the wind acceleration and expansion. Wave propagation and dissipation from the coron
base to 1 au is solved numerically in a self-consistent manner; we take into account the feedback of wave energy and presst
in the background. Monochromatic waves with various injection frequenci&sarie injected to discuss the suppression of PDI,
while broadband waves are applied to compare the numerical results with observation. We find that high-frequency (larger tha
10~2 Hz) Alfven waves are subject to PDI. Meanwhile, the maximum growth rate of the PDI of low-frequency (lower ttfan 10
Hz) Alfven waves becomes negative due to acceleration and expansion effects. Medium-frequency (ardardz) Alfven
waves have a positive growth rate but do not show the signature of PDI up to 1 au because the growth rate is too small. Th
medium-frequency waves experience neither PDI nor reflection so they propagate through the solar wind most efficiently. The
solar wind is shown to possess a frequency-filtering mechanism with respect to Alfven waves. The simulations with broadbanc
waves indicate that the observed trend of the density fluctuation is well explained by the evolution of PDI while the observed
cross-helicity evolution is in agreement with low-frequency wave propagation.
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Falling-tone ELF magnetic fluctuations detected by Kaguya above the lunar polar regior

# Tomoko Nakagawa[1]; Tsunakawa Hideo KAGUYA/MAP/LMAG Team|[2]
[1] Tohoku Inst. Tech.; [2] -

http://www.ice.tohtech.ac.jp/"nakagawa/

Falling tone magnetic fluctuations in a frequency range 1 tol2 Hz were detected by MAP/LMAG onboard Kaguya at an
altitude of 100 km above the moon. They were right-hand polarized, and the k vector was parallel to the background magneti
field. They were detected when the moon was in the Earth’'s magnetosheath and the spacecraft was moving along a path from t
evening side toward the north pole of the moon. An attempt was made to explain the falling tone spectral feature with a cyclotror
resonance of a whistler wave and ions sputtered from the moon.

HIACIE A &RGR & DR EAERNC & > THRA GG ZBTNVEC TS, 202 I, HOREARD 2250, 1%
NIRRT Ko THEAWS L RN DEHANS L JIBE NS, BEWHS D 5 WVIEZ I T2 REERIC K > TR
D7 b URETFDIRNKE END 72D TH D, LHL, BOEEHSO RS RO H OJUEK T, Mo <Ic
DN TRED T > TP RIS Z BN R E e, AR TR T OREEBUTRO RIS DOV TERT 5,

C DA B H D HERREAE 0O > — A & > 72 20084E 6 A 14 H, H SMENY ] (HigHRHE I K Z 191
5 HOIMIC D > TRITHICKIE E N iz, JEBERE TOH 2 2 #)E 3 [k U TS iz, 20:401C 8HzIC
HN WG O R 7 73 T 1Hz £ THEHHHNIC T D RO T 20:471C 10HZ IZHRN T 25870 20:52 % Tl
IHZIZ FAYD, X 5IC 20:518 12HZ IC N =G Z58hAY 21:00F CIC IHz £ T R L. 21:00iCdbMCHEIET B &
1-12Hz IR ZEFI DA SN, 7 T THIGZEIZ I F >z, COMRMR, TRESIZEEAE T, HELHuZ R
GEEEC DR N TW e, BTRRO e AT IS IF B RS T Xm0 o Tz BB ORI T A S st L
TIXRTAHIED TH>7z, Minimum variance analysiss K - THEEE T L1 KD Tz k XTSIV O ST NG REIRRICIZIZ AT
TH -7z ACEFEBIANC X 5 & KFAEHE 1 500km/s ZE L 20 fi/cm? T - 7z,

k X7 FVOFFIADARRHED T IS EEZRDTARBEIIC K 2 Ry 75— T MIZEZE S TELL REVGRED TH 2
CENLIDWEIRAARATWREEZADNS, T ORBEG TlEma s < ARHHITE BT 5. FRBEEILAK
FREIC X B THh UL, BT S HUE TR, O EEEDRICBIIIE NS 39T, HRZHATE
T HEPE LT 905 1 07chlie> THAYHFRICRWEFATEIE NI L 2EA 5 L. Hix )8 e fix
B JEH DB MEM U T B G 2 # 2 NS L 7e L B R E 5215750,

EEIGIC K> TIRES N TOWARVAR 2 TRlIE N2 L. BRUZDRKOKRGRT Z v 7 ANERK D &>
el e S, KREBEKLFOWZUC & 2 A8y 21 2 7 " REFOMMMBIRETENS, NS DR FIROKFED 5
B A ENTZEEZ S & R IR ROE ETREIRRIC T, DLEN/zE T2 TRRDHD
HEIC T2 LEZ BN, KITHT B3 B #O 72 rBBIRN BT HIBSA 2R IR & A A Z D7l &
E Vpara D/NEVEZRZ @, KREVWEZRIEHLTRZDEDT, KFENPSENE A TEAK. RFHEOE ET
AR ENS (T TT Vypara QISR HE OSBRI FATR D) o HIGKF 2B EEZ S &, 1-12HzD
RIS R TETFY A 78 b a Y EORRBIC R A 5 TeDITIE KRR EEZ B Z % € — LEENSRE L 750 T3 )L F—
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Decrease of IMF strength on the lunar dayside and above the polar region observed by
Kaguya

# Masaki N Nishino[1]; Yoshifumi Saito[2]; Hideo Tsunakawa[3]; Yoshiya Kasahara[4]; Yuki Harada[5]; Shoichiro Yokota[6];
Futoshi Takahashi[7]; Masaki Matsushima[8]; Hidetoshi Shibuya[9]; Hisayoshi Shimizu[10]
[1] ISEE, Nagoya University; [2] ISAS; [3] Dept. Earth Planet. Sci., Tokyo TECH; [4] Kanazawa Univ.; [5] Dept. of Geophys.,
Kyoto Univ.; [6] Osaka Univ.; [7] Kyushu Univ.; [8] Dept Earth & Planetary Sciences, Tokyo Tech; [9] Dep't Earth & Env.,
Kumamoto Univ.; [10] ERI, University of Tokyo

Direct interaction between the lunar surface and incident solar wind is one of the crucial phenomena of the planetary plasm
sciences. Recent observations by lunar orbiters revealed that strength of the interplanetary magnetic field (IMF) at spacecre
altitude often increases over crustal magnetic fields on the dayside. In addition, variations of the IMF in the lunar wake have bee
reported in the viewpoint of diamagnetic effect. However, few studies have been performed for the IMF over non-magnetizec
regions on the dayside. Here we show events where the IMF strength decreases at “100 km altitude on the lunar dayside and o
the polar region, comparing the upstream solar wind data from ACE with Kaguya data. (Note that we focus on the magnetic fielc
reduction observed above non-magnetized regions (or very weakly magnetized regions)).

In one event when the IMF is roughly anti-parallel to the solar wind flow, the magnetic field reduction is detected in the dayside
northern hemisphere. We estimate that the decrease in the magnetic pressure is partly compensated by the thermal pressure o
back-scattered protons. In another event the IMF reduction is continuously detected from the northern polar region to the daysic
mid-latitude region. The Kaguya LRS/WFC data show a slight increase in the electron density around the northern pole, whict
suggests an increase in the positive ion density. The density increase might be attributed to the back-/forward-scattered sol
wind protons as well as heavy ions originating from the lunar surface and/or exosphere, while the heavy ions may not contribut
to an increase in the thermal pressure because their temperature is very low.

The observed magnetic field reduction is interpreted as diamagnetic effect by the scattered solar wind protons. We also discu
the diamagnetic current system on the lunar dayside that is added to the wake current system.
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Microscopic structure of whistler wave packets within Earth’s bow shock observed by
MMS spacecraft

# Chika Umegaki[1]; Takanobu Amano[2]; Naritoshi Kitamura[3]
[1] Earth Planetary Science, Tokyo Univ.; [2] University of Tokyo; [3] University of Tokyo

Nonthermal charged particles are ubiquitously observed in space plasmas. The Fermi acceleration at a shock wave is one of t
most important mechanisms for the generation of high-energy patrticles. In this mechanism, the pitch-angle scattering is essenti
for the confinement of the particles in the close vicinity of the shock. Charged particles may be scattered by electromagneti
fluctuations via the cyclotron resonance. lons easily satisfy the resonance condition with low frequency Alfven waves, wherea:
the scattering of electrons requires higher frequency whistler waves. Since, in general, the power at lower frequencies is muc
larger than higher frequencies, the acceleration of electrons is much more difficult compared to ions. In fact, electron acceleratio
events associated with interplanetary shock crossings are very rare (Lario et al.2003, Dresing et al.2016). The condition th:
regulates the efficiency of electron acceleration at a shock is poorly understood at present. In particular, we do not know how an
when the whistler waves are generated to scatter the accelerated electrons.

In this study, we performed an analysis for high-frequency("100 Hz) electromagnetic waves observed during shock crossing
with enhanced energetic electron flux observed by NASAs MMS (Magnetospheric MultiScale) satellites.

The purpose of this research is to estimate propagation characteristics and spatio-temporal scales of whistler wave packe
that appear sporadically in the shock transition layer. First, by applying a bandpass filter to the magnetic field measured b
the SCM (Search Coil Magnetometer), we confirmed that high-frequency electromagnetic waves appear as wave packets
very short lifetime. We found that most of the wave packets do no show clear correlations between different spacecraft with
a separation distance of “20 km. This strongly suggests that the wave packets have very small spatial scales. By using MV
(Minimum Variance Analysis) and calculating Poynting vector, we determined propagation directions of individual wave packets.
In addition, the wavenumber is obtained from the electric-to-magnetic field ratio using Faraday’s law. We will compare the result
of the analysis applied for a large number of wave packets observed in a shock with the cyclotron resonance condition of electron

We will also estimate the spatial scale sizes of whistler wave packets by comparing events with different spacecraft separation
In particular, we discuss the difference of the scale size in parallel and perpendicular to the local magnetic field. For events witt
clear correlations between multiple spacecraft, we may also check the consistency between the single spacecraft analysis (M\
and Faraday’s law) and the actual multi-spacecraft observations.

FHIZENCIE ., HBRRE SIS 361 2 IR O & D ICIFBAN e IV S B ICFAE L TV d . B )bF—0
BN TN ERENZERNO—D & UTERFICHT 27 o)V IBENFEF S NZ D, 7o)V IETER FOE Yy F
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BIOTEICEACIADENBE CZ LICK> T T oIV IIENE T 5. A4 VIIMEEIEDO T )V T XV & BRGNS 2 1
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THDERHETZRE LTz, L L OEETMICIE 180D RNENEND 57280, ERLWSHEEZR R T4 T
N7 MIVERSD D Z LI KO haE—BICRE LTz, Fio. 77 7 —0iERE W TES L RGO S NHEE
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Two dimensional structure of a collisionless perpendicular shock mediated by hot ions

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

It is common in space that a plasma contains hot ions. Velocity distribution function of solar wind protons often show non-
thermal tail. Diffuse ions are commonly observed in the terrestrial foreshock.Pickup ions cannot be neglected in the boundar
region of heliosphere. In collisionless shocks these hot ions are easily energized and sometimes have great impact on the shc
structure. In this study we focus on the impact of the hot ions on the microstructure of a collisionless shock.

Two dimensional microstructure of a collisionless perpendicular shock mediated by hot ions is investigated by using full
particle-in-cell simulation. The shock parameters are as follows. Alfven Mach number is "6, electron and background ion bete
are 0.25 and 0.167, hot ion beta is 20.3, respectively. The relative density of the hot ions is 0.25. The hot ions significantly
affect the microstructure of the shock. The shock is relatively stable in comparison with the case without the hot ions. A large
scale extended foot is formed due to the reflected hot ions. A variety of waves are generated in the transition region. The large
wavelength among the generated waves in the system is smaller than that in the case without the hot ions. Details of the analy:
will be reported.
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Observation of quasi-periodic fluctuations in the solar wind acceleration region by radio
occultation

# Takeshi Imamura[1]; Hiroki Ando[2]; Munetoshi Tokumaru[3]; Takuma Matsumoto[4]; Ayumi Asai[5]; Hiroaki Isobe[5];
Daikou Shiota[6]
[1] The University of Tokyo; [2] Kyoto Sangyo University; [3] ISEE, Nagoya Univ.; [4] ISEE, Nagoya University; [5] USSS,
Kyoto Univ.; [6] NICT

For solar wind generation, the pressure gradient caused by the high temperature of the corona reaching 1 million K is importan
Coronal heating is one of the unresolved problems of space plasma physics. Though various heating mechanisms such as w
heating and nano-flares have been proposed, confirmation by observational data is insufficient. In recent years, information c
the physical process in the lower corona is being obtained by optical remote sensing by solar observation satellites. On the oth
hand, for the solar wind to be accelerated up to several hundred km/s as observed, the plasma needs to be continuously heate
somewhat far distances from several to ten times the solar radius. This region is too dark to investigate by optical observation, ar
the temperature is too high for in-situ measurements, and thus the observational data is limited. Radio obscuration observation
one of the limited means that can approach this region.

Observations were carried out using radio waves transmitted from the spacecraft and received at the ground station during tt
superior conjunction period from 30 May 2016 to 15 June 2016 and the period from 29 December 2017 to 20 January 2018. Solc
offset distances of about 2 to 10 solar radii were probed intermittently 11 times in the former period and 10 times in the latter
period. Though right-circularly polarized waves are basically transmitted from the spacecratt, left-circularly polarized waves are
also transmitted with a much weaker amplitude. By utilizing this fact, by recording both polarized waves at the ground station, it
is possible to measure the rotation of the plane of linear polarization (Faraday rotation) due to magnetic field fluctuations cause
by Alfven waves. We have already performed similar radio obscuration observations in 2011, but at that time only right-circularly
polarized waves were measured, and the radial variations of the plasma density fluctuation due to compressional waves and t
solar wind velocity were studied (Miyamoto et al. 2014; Imamura et al. 2014). In the new observation, we also aim to capture
magnetic field fluctuations, thereby studying the propagation of Alfven waves from the solar surface and their dissipation anc
thermalization, which lead to heating of the plasma in the solar wind acceleration region. In this presentation, we report initial
analysis of quasi-periodic fluctuations seen in the time series.

KBFEDAERKICIE 100 HEICET B EiRD a0+ N E 25T [ENARDEETH 2, TaHE T 7o A<
DRIERBEEDO—DTH O, WEINEAR T/ T L7 75 EREL IIMBBERE DR R SN TV B D, BT — 2 X B HGED
RY0TH B, THE, KpEEEL EICX 32 B— ey oo PIc k> Taad FEOYFEREOERMNME 5N
DDHB, LA L—T. BHENTHS LS %100 km/st DS FE TRIEEMSINEE NS oHicid, aad o
BTN Z . KBFEEROBEEN S 10 5FEE &V 5 RNz & T A X TS 7' A BINBVE N TEiD R =N %
WENRDH B, T OMEEIIEEBI TR . HEEEMDI DOV TENIT 2ICIXRENET 50, Bll5—4
MZLW, CTIKT7 Ta—FTELRLNITFROVEDE UTEHEIRMIRENNH %,

F4a13 201655 H 30 NS 6 H 15 H. 53X U 20174 12 H 29 HM 5 20184 1 H 20 HIc /I T, SEHFERK TH
MOE | HHIERD B B TRBEOIEIZ SOV EIR T 2% & 5 2T, Gk & i bR 7 55 SEE I 2 T TR 72 52
fii L7z, RiE OHARNCIX 1118, #FOHIICIE 10[ENCH 2> Ty KBGO 5 B K7 2&amp;#12316; 10K 5 £ 0D
B 7 Wt B U 7z, BREHED B AR IZA TR ZZ I DEES NS D, FHOEDS ERREREXEI NS, TDC
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Relation of solar wind current sheet and VLISM turbulence

# Yukimasa Kishi[1]; Shuichi Matsukiyo[2]; Tohru Hada[3]
[1] ESST,Kyushu Univ; [2] ESST Kyushu Univ.; [3] IGSES, Kyushu Univ

The heliosphere is a region in the interstellar space occupied by the solar wind plasma. In its boundary region, two importan
discontinuities (terminal shock and heliopause) are formed. The supersonic solar wind is decelerated to subsonic speed at t
terminal shock, then further decelerated downstream, and finally dammed up by the interstellar medium at the heliopause. Tt
structures of the magnetic field and density in the boundary region are unclear. Voyager 1 has explored the region for the
first time and is now sailing VLISM (Very Local InterStellar Medium) beyond the heliopause. In the VLISM the Voyager 1
observes compressible magnetic turbulence. Although its origin is unknown, a number of models are proposed. Here, we stuc
the possibility that the interaction between the solar wind current sheet and the termination shock, or the heliopause, generat
magnetic fluctuations and they propagate to the VLISM beyond the heliopause.

Using a one-dimensional PIC simulation, which is the first principle simulation of a collisionless plasma, we reproduce the
interaction between the two discontinuities (termination shock and heliopause) and current sheets. As an initial setup, we divid
the simulation system into two halves and fill each region with the solar wind plasma and the interstellar plasma. The simulation i
performed in the solar wind rest frame so that the interstellar plasma has a constant flow speed. By injecting the interstellar plasn
continuously from the left boundary, two shocks (terminal shock and bow shock) and a tangential discontinuity (heliopause) are
self-consistently formed. Ratios of parameters between the interstellar plasma to the solar wind plasma are as follows. Plasn
density = 9, temperature = 4 (Te = Ti), magnetic field strength = 6, and the inflow velocity of the interstellar plasma was 4.7
times the solar wind Alfv&#233;n velocity, respectively. It is confirmed that the passage of the current sheets results in the
generation of magnetic fluctuations and those fluctuations propagate to the VLISM beyond the heliopause. In the poster, detai
of the characteristics of the magnetic fluctuations and the modification of the current sheets etc. will be reported.
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