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Examination of depolarization processes based on the analysis of the polarization of
zebra pattern in type IV solar radio bursts

# Kazutaka Kaneda[1]; Hiroaki Misawa[2]; Kazumasa lwai[3]; Fuminori Tsuchiya[4]; Takahiro Obara[5]
[1] PPARC, Geophysics, Tohoku Univ.; [2] PPARC, Tohoku Univ.; [3] NICT; [4] Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.; [5] PPARC, Tohoku University

Type IV solar radio bursts are generally emitted in association with large solar flares and they often show various spectral fine
structures therein. In particular, zebra pattern (ZP) has a characteristic spectral pattern with a number of parallel drifting stripes
Although such characteristics of ZP can be used as a tool of coronal plasma diagnostics, their generation processes have been
under discussion. In the most suggested models, ZP is considered to be emitted in O-mode. In contrast, the observed degree
polarization is lower than 100%. This is explained by depolarization processes during the propagation (e.g. Cohen 1960; Melros
1989). However detailed processes of depolarization have not been revealed because there is few observation of polarization w
a wide frequency range and a high frequency resolution. The purpose of this study is to examine the depolarization process
observationally using broadband and highly resolved polarization data.

We analyzed June 21, 2011 event, focused on polarization characteristics and their frequency dependences using highly 1
solved spectra data obtained from AMATERAS, a solar radio spectro-polarimeter developed by Tohoku University. In Kaneda
et al. (2015), we showed that the delay time between two circularly polarized components can be interpreted by the differenc
in group velocities between O- and X-mode. We performed the same analysis in regard to the frequency axis. As a result, it i
indicated that the frequency of each polarized components is shifted by several tens of kHz. This frequency shift can be generat
by three wave interaction in the depolarization processes. In this presentation, we discuss the feasibility of the depolarizatio
processes and required plasma condition in the corona.
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Global structure of the interplanetary shock observed with the Global Muon Detector
Network (GMDN)

# Masayoshi Kozai[1]; Kazuoki Munakata[1]; Chihiro Kato[1]; Takao Kuwabara[2]; Munetoshi Tokumaru[3]
[1] Physics Department, Shinshu Univ.; [2] Science, Chiba Univ.; [3] STE Lab., Nagoya Univ.

From three-dimensional spatial density gradient of galactic cosmic rays (GCRs) observed with the Global Muon Detector
Network (GMDN), we derive global structure of the GCR depleted region behind the IP (interplanetary) shock. We identify 1P-
shock passages at the earth based on the geomagnetic storm sudden commencements (SSCs) and extract SSC events asso
with solar coronal mass ejections (CMES) in a period between 2006 and 2014. From the first order GCR anisotropy corrected fo
the solar wind convection and Compton-Getting effect arising from the earth’s orbital motion, we deduce the density gradient or
an hourly basis for each event. We confirm that the density gradient components are clearly enhanced after the shock passa
indicating the existence of GCR depleted region behind the shock which causes the Forbush Decrease (FD) in the cosmic re
intensity. The longitudinal gradient shows that the GCR density minimum is located around the longitudinal center behind the
shock, which can be ascribed to the centered ejecta driving IP-shock. The enhancement of the radial gradient, on the other har
shows longer duration when the associated solar eruption is located on the eastern side of the sun-disk, implying an asymmet:
shielding effect of the shock on the GCRs. The radial gradient correlates with temporal variation of the GCR density observec
with the neutron monitors. We discuss a rigidity dependence of the FD based on different responsive rigidities to the primary
cosmic rays between the GMDN (approx. 60 GV) and neutron monitors (approx. 10 GV).
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Interplanetary Coronal Mass Ejections in Solar Cycle 24

# Tomoya lju[1]; Munetoshi Tokumaru[2]; Ken’ichi Fuijiki[3]
[1] STELab, Nagoya Univ.; [2] STE Lab., Nagoya Univ.; [3] STELab.,Nagoya Univ.

Coronal mass ejections (CMESs) which are at a much larger distance from the sun than a coronagraph field-of-view is referre
as interplanetary CMEs (ICMEs: Howard, 2011). To examine ICMEs in the current solar cycle, we analyzed solar wind data ob-
tained by the Solar Wind Electron Proton Alpha Monitor (McComas et al., 1998) and Solar Wind lon Composition Spectrometer
(Gloeckler et al., 1992) instruments onboard the Advanced Composition Explorer (Stone et al., 1998) during 2010 - 2014 with
identification criteria for ICMEs (Richardson and Cane, 2010). From this examination, we identified 106 ICMEs and made a list
of them. We found that ICMEs during 2009 - 2014 had smaller radial size {28 m) and mass (10-°% kg) then them in
1996 - 2001 by a joint analysis of data from our list and an ICMEs catalog by Richardson and Cane (2010). In this session, we
report physical properties of ICMEs in Solar Cycle 24 and discuss those variations with the solar activity.
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Effect of the FAB on the diffusive process upstream of the bow shock: Comparison
between observation and test particle simulation

# Fumiko Otsuka[1]; Kento Nakanishi[2]; Shuichi Matsukiyo[3]; Tohru Hada[1]
[1] ESST, Kyushu Univ; [2] ESST, Kyushu Univ; [3] ESST Kyushu Univ.

Cluster observation determined an effective mean free path of energetic upstream ions at Earth’s quasi-parallel bow shock wit
high accuracy (Kis et al., 2004). The resulting mean free path in the particle energy between 10 to 32 keV was only a few time:
larger than their gyroradii, representing that the MHD waves in the foreshock region efficiently scatter the upstream ions thar
estimated before. In order to understand these observational facts, we perform test particle simulation. In the above event, tt
observed upstream magnetic field has a power-law spectrum with additional intense peak corresponding to the waves general
by the field-aligned beam (FAB) ions. We investigate the effect of the waves excited by the FAB ions on the mean free path of the
energetic upstream ions. We will also discuss the effect of the spatial variation of the wave intensity depending on the distanc
from the shock.
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New kinematic Solar Wind Model (New Hakamada-Akasofu-Fry Model)

# Kazuyuki Hakamada[1]
[1] Chubu Univ

Hakamada and Akasofu (1981) devised the unique solar wind kinematic model. Dr. Fry has improved this solar wind model.
This model has been widely used as Hakamada-Akasofu-Fry-model-v2 in the field of Space Weather forecasting. This mode
calculate the location of solar wind particles and estimate the structure of solar wind in interplanetary space. We can calculat
time variations of three-dimensional structure of the solar wind disturbance casued by CIRs (Corotating Interaction Regions)
CMEs (Coronal Mass Ejections), and Solar Flares. This model is simple and straightforward, and can be used on a small person
computer. This model is probably used in future as the usefull tools in this field. However, Hakamada-Akasofu-Fry-model-v2
is restricted to use. So, the new Hakamada-Akasofu-Fry model is coded from scratch based on the basic idea of the kinema
model. We hope to use this new model in the anlysis of real data. We need the calibration of physical parameters in this
New Hakamada-Akasofu-Fry model (New HAF-model) by using computer HD, MHD simulations and real observations for the
comparison of this model with real phenomenon in interplanetary space. We can construct, as the real time forecasting, th
three-dimensional structure of the solar wind in interplaneary space, in combination with the RF-model of coronal magnetic field
and the solar wind speed estimated by IPS observations. We report the present situation of this New Hakamada-Akasofu-Fi
model (New HAF-model).
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VPV a— RE—EOEHDGFIREN TS, 22T, 9B, EFIVORENEEZHICRES>T, HilL{a—7127
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Turbulence analysis using Capon’s method: 2. higher order statistics

# Tohru Hada[1]
[1] ESST, Kyushu Univ

Multi-point measurements can separate temporal and spatial variations. In case of spacecraft experiments, the number of d:
points in the time domain can be very large, while that in the spatial domain is simply the number of spacecraft, which is only a
few typically and less than 10 mostly. Since usual data analysis techniques such as the Fourier decomposition cannot be appli
to such a dataset, more sophisticated techniques such as Capon’s method or the maximum entropy method have been develo
and successfully used in various applications.

On the other hand, magnetohydrodynamic (MHD) waves in space plasma often have very large amplitude and thus are subje
to rapid nonlinear evolution. As a result, we often encounter MHD turbulence rather than a superposition of a few number of
MHD waves in space plasma. The Capon’s method (or any other decomposition methods) cannot be applied to such situation
where the number of waves exceeds the number of data points. However, we recently have developed a method to analyze t
turbulence data making use of the Capon’s method, even though the number of waves is much larger than the number of da
points. In this presentation, we introduce the method to evaluate higher order statistics of the turbulence when the number
waves included exceeds the number of spacecraft. Application to the MHD turbulence in the solar wind will also be discussed.
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Feasibility analysis of the Wave telescope technique for the solar wind turbulence by
multi-point magnetometers of the Solar Sail.

# Reiko Nomura[1]; Ayako Matsuoka[2]; Yasuhiro Nariyuki[3]; Shinji Saito[4]
[1] ISAS; [2] ISAS/IAXA, [3] Faculty of Human Development, Univ. Toyama; [4] Nagoya Univ.

Richardson et al. [1995] showed by the Voyager 2 that the plasma temperature of the solar wind is cooled down along the radic
direction slower than the adiabatic model. One of the heating mechanisms is the energy transfer by the dissipation process fro
the plasma turbulence to the particles in the solar wind. In order to find these wave-particle interactions at the dissipation regior
the wave number analysis (the Wave Telescope analysis) has been conducted using the Cluster satellite near Earth orbit [e.
Sahraoui et al., 2010]. However, the spatial resolution was not enough to find the exact process, especially for the electron scale
Therefore we conducted the feasibility analysis of multi-point magnetometers on the Solar sail (Trojan exploration satellite)
about the wave number analysis and the wave mode determination by derived dispersion relations for the solar wind turbulenci
We also present the plan of the magnetometer development for reduction in size, weight and power consumption to install on th
future satellite.
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Polarization analysis of the magnetosheath turbulence observed by Geotalil

# Yasunori Tsugawa[1]; Yuto Katoh[2]; Naoki Terada[3]; Shinobu Machida[4]
[1] STEL, Nagoya Univ.; [2] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [3] Dept. Geophys., Grad. Sch. Sci., Tohoku
Univ.; [4] STEL, Nagoya Univ.

The magnetosheath is the transition region between the solar wind and the magnetosphere. Turbulences in the magnetoshe
are important for understanding the whole process of energy and mass exchanges of the solar wind and magnetospheric pl:
mas. However, the turbulences are so complicated; they evolve in nonlinear processes with various wave modes, including ic
cyclotron / Alfven, whistler / magnetosonic, and mirror modes.

We performed polarization analysis on the magnetic turbulences to reveal their nature and associations with ambient magn
tosheath processes. The turbulence exhibits different polarizations with respect to the observed frequency even at the same tir
for example, a broadband turbulence in low frequency range "0.1-1 Hz consists of mainly left-hand polarized in higher frequency
range, right-hand polarized in middle frequency range, and left-hand polarized in lower frequency range. These features sugge
that the magnetosheath turbulence can involve different wave modes and/or different propagation directions.
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Effect of the FAB on the diffusive process upstream of the bow shock: Test particle
simulation

# Kento Nakanishi[1]; Fumiko Otsuka[2]; Shuichi Matsukiyo[3]; Tohru Hada[2]
[1] ESST, Kyushu Univ; [2] ESST, Kyushu Univ; [3] ESST Kyushu Univ.

Diffusive shock acceleration (DSA) is one of the most efficient acceleration mechanisms for producing energetic particles. In
the DSA, particles statistically gain energy through the so-called Fermi acceleration mechanism, as they travel back and forc
upstream and downstream of a collisionless shock. Itis known that the density of the accelerated particles upstream exponentia
decreases as increasing distance from the shock front. Kis et al. [2004] examined the density gradients of energetic ions upstre:
of the bow shock with high accuracy by using Cluster data. They estimated the e-folding distances of the density decrease fc
various ion energies, and showed that the e-folding distances are significantly less than those estimated in the past statistic
study. This implies that particle acceleration at the bow shock is more efficient than considered before.

Here, we focus on the effect of the field-aligned-beam (FAB), almost always observed upstream of the bow shock (foreshock)
and examine how the FABs affect the efficiency of acceleration/diffusion of the energetic ions by performing test particle sim-
ulations. The upstream turbulence is given by the superposition of Alfvenic electromagnetic fields having power-law energy
spectrum with random phase approximation. In the spectrum we further include a peak corresponding to the waves resonant
generated by the FAB. The dependence of the e-folding distance on the presence of the FAB will be discussed. We will als
report the results of parameter survey with changing total energy of the turbulence, its power-law index, and intensity of the
resonant waves, etc.
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Kaguya observations of the lunar plasma environment in the terrestrial foreshock

# Masaki N Nishino[1]; Yoshifumi Saito[2]; Hideo Tsunakawa[3]; Yasunori Tsugawal4]; Yuki Harada[5]; Futoshi
Takahashi[6]; Masaki Fujimoto[7]; Shoichiro Yokota[2]; Masaki Matsushima[8]; Hidetoshi Shibuya[9]; Hisayoshi Shimizu[10]
[1] STEL, Nagoya University; [2] ISAS; [3] Dept. Earth Planet. Sci., Tokyo TECH; [4] STEL, Nagoya Univ.; [5] Dept. of
Geophys., Kyoto Univ.; [6] Kyushu Univ.; [7] ISAS, JAXA,; [8] Dept Earth & Planetary Sciences, Tokyo Tech; [9] Dep't Earth

& Env., Kumamoto Univ.; [10] ERI, University of Tokyo

There forms a tenuous region behind the Moon in the solar wind, as the lunar dayside surface adsorbs most of the incider
solar wind plasma. Entry processes of solar wind plasma into this tenuous region, which is called the lunar wake, have bee
widely studied. In addition to gradual refilling of the wake by the ambient solar wind, it has been known that a portion of solar
wind protons that are scattered at the dayside surface or deflected by crustal magnetic fields can enter the wake (i.e. type
entry). However, proton entry into the deepest lunar wake (i.e. anti-subsolar region at low altitude) by the type-2 process need
specific solar wind conditions. Here we report, using data from Kaguya spacecraft in orbit around the Moon, that solar wind
ions reflected at the terrestrial bow shock easily access the deepest lunar wake, when the Moon is located in the foreshoc
When the spacecraft location is magnetically connected to the lunar night-side surface, the kinetic energy of upward-going field
aligned electron beams decreases or electron beams disappear during the reflected-ion events, which shows that the intrusior
the shock-reflected ions and electrons into the wake changes the electrostatic potential of the lunar night-side surface. In tt
foreshock closer to the bow shock, the reflected ions are almost continuously detected both on the nightside and on the daysic
This is because large gyroradii comparable to the spatial scale of the Moon let these ions access even low-altitude region c
the dayside. In addition, low-frequency waves in the magnetic field associated with the shock-reflected ions are also detecte
through the period. We will present a comprehensive understanding of the lunar plasma environment in the foreshock.
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Operation plan of interplanetary neutral helium by HISAKI (SPRINT-A) satellite, 2015
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The Hisaki (SPRINT-A) satellite which is launched in September, 2013, has successfully been carrying out planetary magne
tospheric plasma and atmospheric particle observations so far. Characteristic of the continuous planetary observation for a lor
term is one and only satellite, but we have a plan to observe extreme ultraviolet emissions from helium atoms in interplanetan
space using an interval of the planetary observations.

Local InterStellar Medium (LISM) is injected to interplanetary space in heliosphere with the interstellar wind by the relative
velocity to heliosphere. The helium atom which has high ionization energy travels to the 0.5 A.U. neighborhood of the sun, anc
gravitates by the sun’s gravity to form a high density corn-like region in the downwind side. The velocity of the interstellar wind
the density and the temperature of helium atom in LISM are derived by measuring helium distribution in the corn-like region.
From such studies carried out from the 1970s it is believed that the LISM gas is not variable, but recently it was reported that the
speed direction of the interstellar wind changed for several decades (Frisch+13).

In this presentation, observation plan of helium resonance scattering from the interplanetary space using the Hisaki satellite |
introduced and the change of the speed direction of the wind between the star is discussed.

2013 9 HIcHT B EFShniz [OX &) (SPRINT-A #EIZ. TNETIEMICEKE TS A~ « BEKSKEIZ I L
T35, EHARKE U7z SR BRI ME— R ORI TH 20, BN OARZHFH U TR MZER D 5 O MRy
St EBNT 25t EPTH B,

SERZERNCIE. R ERIZER (LISM) OYI AV KRR & 2 MY OFREEIC X % ZREEIC D> TRIBBENICRA L
TWb, A4 MEZFIVF—=DEONY T LFEFIERBHIRE 0.5AuEE X TIRALUKGENICE > THEHFELN, 2
MR NN FE DN I — IROMEBE IR T %0 N U L34 ZEHIT % T & TR O & B2 DN 7 L
JRFOEELIREZHET ZTENTES, TOXDAEWSEE 1970 SHIET N T2 M, SRR DML T mhEL
FENTTEEL TV DB T EATERE & Nz (Frisch+13)

AFHETIE, O ZHE TOREMZEMN S DN 7 LIESEED BTG HE 28RS U, 2B O@EE S5 moZ{ticD
WTCiamd %o
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High-energy particle generation in a velocity gradient structure appeared in the solar
wind

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

Collisionless shocks are considered to be the dominant generator of high-energy particles. The diffusive shock acceleration
the most standard process, where a power-law index in the energy spectrum depends on the shock strength. In contrast, rec
spacecraft observations have suggested that particles in the heliosphere have a power-law spectrum in particle speed witt
spectral index of -5, which is commonly identified even in the quiet solar wind with no shocks. To account for this property, the
alternative acceleration mechanism, a pump acceleration, has been proposed by Fisk and Gloeckler (e.g., JGR 2014): partic
are accelerated in a region containing large-scale compressions and expansions. However, the validity of this mechanism is st
under debate. We have already investigated the pickup ion (PUI) acceleration in the evolution of CIRs by performing hybrid
simulations, where the accelerated PUI forms a suprathermal tail in the velocity distribution as observed. In the present study, w

further examine the acceleration properties in a variety of background velocity configuration to validate the pump acceleratior
process.

ACE f# - Ulyssesfii's. Voyagerfii*21c K 5 i O KRGE 75 X< BRI S HE AT ML tail D
BB RORINFEERLTVB I EARENT VS, THUINEBKRIEE D S heliosheathc £ 5 &% 5 b 3 KBaESAED T
THROLNZMETH D, EHTRIVF—R FOERICEH RN FEN A RE 2Rz T0ERWT EE R LTV, Fisk
and Gloeckler (e.g., 2014¥%. KFEEAHIC coherents [EAE/ZIEMIE N H 2 & " R Tk ” &SR EIC 2 &
T5ROARY MIVHBEHEIND LW HHREIEELTWS, TOTAT7ICELTIEERL D SH. AN TN
WRADFEICEY I T TAFTHBHTERFHRCUIENA T Y RY I aLb— g UEFTL, FRTKB R ORE &
IR FE LIRS D R TO PUI DERE AT M)V EOFMEN S, TOMGRDIESMEZHGEEL T <,
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