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Relation between coronal hole area and solar wind speed derived from interplanetary
scintillation observations
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We investigated the relation between coronal hole (CH) areas and solar wind speeds during 1995-2011 using potential fiel
(PF) model analysis of magnetograph observations and interplanetary scintillation (IPS) observations by the Institute for Space
Earth Environmental Research (formerly Solar-Terrestrial Environment Laboratory) of Nagoya University. We obtained a signif-
icant positive correlation between the CH areas (A) derived from the PF model calculations and solar wind speeds (V) derive
from the IPS observations. The correlation coefficients between them are usually high, but they drop significantly in solar max-
ima. The slopes of the A-V relation are roughly constant except for the period around solar maximum, when flatter or steepe
slopes are observed. The excursion of the correlation coefficients and slopes at solar maxima is ascribed to the effect of rap
structural changes in the coronal magnetic field and solar wind. It is also demonstrated that V is inversely related to the flux ex
pansion factor (f) and that f is closely related to the square root of A; hence!A?."A better correlation coefficient is obtained
from the Al/2-V relation, and this fact is useful for improving space weather predictions. We compare the CH areas derived from
the PF model calculations with He 1083 nm observations and show that the PF model calculations provide reliable estimates ¢
the CH area, particularly for large A.

a1 R—)Uid EUV X SREHI TR < RA 28 TH 0. B OB N E M ZE BBV TV AR TH 5 EE X
5NTWV5, TNE TOWED S I R—)VOTHRE & KFEGEE ORI IZIEOHBENSH 5 2 EMHSENTWD, T
HZz UL v R—)VERO RN 5 HIERNZRR S 5 Km0z Tld % C EWVAIEEICE %, L L, TERDIIZE T
HUBRBE AT OFEHABIINIC X 2 KIGET— 2 DO SNTWA T8, aaJw—) )V & EE o i B TcE T
Mo lee Z T TARMIE TR, Bl ERAFHIHERERIEZE A O 3R 24 > > F L—2 3 > (Interplanetary Scintillation;
IPS) BT — & %> CanFk—) ViR & KIGEEE OBRICOWTHRERTT> 2, IPSERIND S IXLEREICBT %
KEGFEGEE DD AENFEND DT, a0 ORI BT % C LIl K> TaadR—)b & DOIEMER IS VAT FEIC
5%, fENTICHWTZIHRIE 1995~20114F ({HL 20104E7ZBR<) THB, £9. Kitt Peak KEHELAIFT T1F 5 N /=i A#
HF—%%ERT V¥ v Ui (PP E7)V (Hakamada, 1995 % ffi-> THW G OMEEZE L, <Nk aatR—
JVERE L Ok FEoaa - R—)VOmfE A Z5IE Lz, 2L T, 3ot i—)L&Dixh -7z Source surface i
ICBU B Y RBGEGHE V 772 IPST— 2 53Rz, ZOHE, V & A ORI BIFREOHBEND S Z RS NTz,
FIBMREUS RGN R 3 2 H, ZOMOMHRE TR BWEZE R Uz, Fiz, RIS KGRI K& < £
19 %50, ZOMOMHR TIIMR—E TH > 7z MAHN I 2 FHBIRECR LEFIRE DO Z S O 1 F 50 K MoK
BEENENT LXK B EEZOND, FERND V ERIRIERE f OWiE & OMIC BEFEMHBERGRN D 2 T EHHIS
NTVIED, AFEOFRIZFTNEABREOLDTH S, TTTA & fOMFEERHNE A, WFEITIETFA-Y2 DR
BB B 5Tz, TOHENSV & A2 DRREFRZE A, X0 EWHBRGI RSNz, & BICAZET
&, A & Helo83nmEHHI TR ENS aaF R—)LDOHBEDILIKRZTT> T2, ZOFE, mE IR L TEH., —EH
KL EOamFR—UiE PR D SFEE K S HREDREI N TV S T b o, ARBIZETH O N KGESEE & O
O+ R—)VEBEOBRIE,. FHRRQ TROMEEN LIca5d580LEZ65N%,



R007-02 25 E BFRY: 11 B 228 9:25-9:40

IPSBERMEZ I CTHERE U 7o KR MU RE & A T B O KR R BTHME & OAH HAHEY

# F5H FN3E [1]; FOk 5500 [2]
[1] FER - T;[2) &k« S T ERF

Cross correlation between solar wind speeds by IPS observation and speeds by the
artificial satellite
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Institute of Space and Earth Environment, Nagoya University, has been constructed synoptic charts of solar wind speed est
mated by the IPS technique. We use 166 synoptic charts during CR 1800 (Carrington Rotation)

through CR 2075, which show enough data coverage. Solar wind speeds are expanded into spherical harmonic series on t
bases of Carrington rotation. By using those expansion coefficients of every Carrington rotation,

we can calculate solar wind speed at the any point on the source surface. Since the longitude of synoptic chart corresponds
time, we can obtain the temporal variations of wind speeds from the longitudinal variations of them. We, first, calculate hourly
value of the wind speed at the sub-earth point on the orbit of the earth projected on the source surface. Then, we calculate dai
averages of wind speed (Vips).

We also calculate daily averages of wind speed (PFspeed) from hourly average observed by artificial satellite in interplanetar
space published by OMNIWEB data. We calculate cross correlation coefficients (R) between Vips and PFspeed with time-shift:
from 0 day to 10 days corresponding to transit time of wind from the sun to the earth. We found that occurrence frequency of the
maximum R has the peak at time-shift=4 days, and the averages of R have the peak at time-shift=5 days. Time-shift 4 days ar
5 days correspond to 434 km/s and 347 km/s speed of wind, which are reasonable values of real solar wind speed. These rest
suggest that the synoptic charts based on the IPS

observations show reasonable wind speed distribution in the space and give us the reasonable wind speed on the daily base
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Geometry of the Interplanetary Magnetic Flux Rope of 17 March 2015

# Katsuhide Marubashi[1]; Hiromitsu Ishibashi[1]
[A] NICT

A number of papers have been written about the interplanetary magnetic flux rope (IFR) of 17 March 2015 as a main cause C
a severe geomagnetic storm with a minimum Dst = -223 nT. The previous studies agree that a halo coronal mass ejection (CME
associated with a C9.1 flare which started at 01:15 UT on 15 March in AR 12297 (S22W25) was the solar source event of the
IFR. As for the IFR structure, however, several different geometries are being proposed. The purpose of this report is to shov
that a torus-shaped IFR extending with the torus plane nearly parallel to the ecliptic plane explains the observed magnetic fielc
in the most reasonable way. This IFR has right-handed chirality corresponding to the fact that it was formed in the southerr
hemisphere of the Sun. The IFR was traversed by the Earth near the eastern flank corresponding to the fact that it erupted on t
west side of the Sun. The IFR is characterized by the prolonged southward magnetic field throughout the Earth’s passage. Tl
above-mentioned geometry explains this feature reasonably well. In addition, the tilt of the torus plane is nearly parallel to the
magnetic neutral line in the solar source region. Finally we point out difficulties encountered in interpreting the observation by
cylindrical flux rope models.
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# I RS2 [1]; FHE §HER [2]; MK R [3]; BoR fit— [4]; B8 = [5)]; =Y 52t [6]
[1] &R FHTHERTT, [2] &K « STEWF; [3] %K ISEE; [41% K « STEWF; [5] &k + S T EWF; [6] % AS T EWf

Deflection and distortion of CME internal magnetic flux rope due to the interaction with
a structured solar wind
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The dynamics of CME propagation is strongly affected by the interaction with background solar wind. To understand the
interaction between a CME and background solar wind, we performed three-dimensional MHD simulations of the propagatior
of a CME with internal twisted magnetic flux rope into a structured bimodal solar wind. We compared three different cases in
which an identical CME is launched into an identical bimodal solar wind but the launch dates of the CME are different. Each
position relative to the boundary between slow and fast solar winds becomes almost in the slow wind stream region, almost in th
fast wind stream region, or in vicinity of the boundary of the fast and slow solar wind streams, which grows to CIR. It is found
that the CME is most distorted and deflected eastward in the case near the CIR, in contrast to the other two cases. The maximt
strength of southward magnetic field at the Earth position is also highest in the case near CIR. The results are interpreted th
the dynamic pressure gradient due to the back reaction from pushing the ahead slow wind stream and due to the collision behir
fast wind stream hinders the expansion of the CME internal flux rope into the direction of the solar wind velocity gradient. As
a result, the expansion into the direction to the velocity gradient is slightly enhanced and results in the enhanced deflection ar
distortion of the CME and its internal flux rope. These results support the pileup accident hypothesis proposed by Kataoka et a
(2015) to form unexpectedly geoeffective solar wind structure.
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On the frequency of ion cyclotron waves in the solar wind with radial magnetic field and
in the earth’s magnetotalil
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Generation mechanism of monochromatic, narrowband ion cyclotron waves in the frequency range between 0.5 to 1 proto
cyclotron frequencies is studied.

The waves were detected in the Earth’s magnetotail by Apollo 15 and 14 Lunar Surface Magnetometers (Chi et al., 2013)
Kaguya, GEOTAIL, and Cassini during its earth swing-by (Bogdanov et al., 2003). In the solar wind with radial interplanetary
magnetic field, similar waves were detected by ARTEMIS. Polarization of the narrowband ion cyclotron waves was left-handed
in 30 percent of the events. The waves are thought to be generated through cyclotron resonance of slow ion beam componei
with ion cyclotron waves in the background plasma flow.
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Effect of the FAB on the upstream wave excitation in the Earth’s bow shock:
One-dimensional PIC simulation

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

We previously studied effects of the field-aligned beam (FAB) on the diffusive process of energetic ions upstream of the Earth’s
guasi-parallel bow shock, by performing test particle simulation. The power spectrum of magnetic field observed by the Clustel
satellite was modeled by a superposition of different power-law spectra at different energy ranges. The spectrum contains a
intense peak corresponding to the waves resonantly generated by the FAB. We found that the waves due to the FAB effective
scatter the ions whose energies are larger than the FAB energy. The resultant spatial diffusion coefficient explained the Clust:
observation of 40 keV ions upstream of the Earth’s bow shock (Kronberg et al., 2009).

In this study we perform a self-consistent one-dimensional full particle-in-cell (PIC) simulation of a quasi-parallel shock to
investigate the excitation mechanism of the upstream waves and the associated spatial diffusion of energetic ions. We will repo
the results of the run with the Alfven Mach number 6.5, the shock angle (the angle between the background magnetic field an
the shock normal) 20 degrees, and electron and ion beta 0.5, respectively, as a proxy for the bow shock analyzed by Kronberg
al. (2009).
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Pickup ion dynamics in the heliospheric boundary region

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

Structural properties of the whole heliosphere are regulated by its boundary environment, where the solar wind plasma and tf
local interstellar medium interact each other. Besides in-situ measurements by Voyager 1 and 2 currently traveling through th
heliosheath, the Interstellar Boundary Explorer (IBEX) has provided all-sky maps of energetic neutral atom (ENA) emissions
from the boundary of the heliosphere, which enables us to draw the global images of the energy-resolved plasma distribution. Tt
puzzling finding from IBEX mission is a narrow band of bright ENA emissions, called &quot;ribbon&quot;. After its finding,
numerous models have been proposed to account for the origin. The ribbon geometry is well associated with the local interstelle
magnetic field draped on the heliopause, so that the vicinity of the heliopause is the likely source region of the ribbon ENAs.
The counterparts of ENAs are interstellar pickup ions (PUIs) embedded in the solar wind. Therefore, the basic properties o
PUIs around the heliospheric boundary are the key clue to understand the ribbon generation. In this study, we perform numeric
simulations of following the PUI dynamics in the environment of the heliospheric boundary, where the magnetic reconnection or
KH instability might take place. Preliminary results regarding the PUI energy distribution will be discussed.
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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];
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PPARC, Tohoku Univ; [7] Grad. School of Science, Tohoku Univ.; [8] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [9]
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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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Difference between the Type IV Solar Radio Bursts with and without Zebra Pattern Fine
Structures

# Kazutaka Kaneda[1]; Hiroaki Misawa[2]; Kazumasa Iwai[3]; Fuminori Tsuchiya[4]; Takahiro Obara[5]; Yuto Katoh[6];
Satoshi Masuda[7]
[1] PPARC, Geophysics, Tohoku Univ.; [2] PPARC, Tohoku Univ.; [3] NICT; [4] Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.; [5] PPARC, Tohoku University; [6] Dept. Geophys., Grad. Sch. Sci., Tohoku Univ.; [7] STEL, Nagoya Univ.

It is known that there are various spectral fine structures in type IV solar radio bursts. Since they are thought to be caused b
some inhomogeneities and/or modulations in generation and propagation processes, they can be important sources of informati
on the micro scale plasma processes occurring in the flaring region. Zebra patterns (ZPs) are one of such spectral fine structul
that consist of a number of nearly parallel, drifting, narrowband stripes of enhanced emission. They are usually observed supe
imposed on background type IV continuum. However, not all type IV bursts are accompanied by ZPs, and the time and frequenc
ranges in which ZPs can be seen are rather limited. These facts imply that there are some necessary conditions for generati
ZPs. Although the observed characteristics of ZPs are known well, the conditions that determine generation of ZPs have not bee
understood. In this study, we analyzed both of type IV bursts with and without ZPs, and the flare characteristics associated wit
them.

AMATERAS is a solar radio spectropolarimeter developed by Tohoku University that can observe radio bursts in metric range
with high time and frequency resolutions. From the database of AMATERAS during 2010&amp;#8211;2016, we selected 55
type IV burst events and analyzed them. ZPs were identified in 18 events among them. As a result of analysis, we found that (2
the timing of occurrence of ZPs corresponded to the flare peak time. (2) The location of source regions of ZPs was not depende
on the longitude and the latitude. (3) The polarization characteristics of ZPs were widely dispersed and there was almost n
correlation with the flare characteristics.

In this presentation, we will show these characteristics in detail and compare them with those of the type IV bursts without
ZPs, and will also discuss the conditions for generating ZPs.
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Relationship between solar flare level and occurrence characteristics of type Il bursts

# Saho Matsumoto[1]; Hiroaki Misawa[2]; Fuminori Tsuchiya[3]; Takahiro Obara[4]
[1] Geophysics, Tohoku Univ.; [2] PPARC, Tohoku Univ.; [3] Planet. Plasma Atmos. Res. Cent., Tohoku Univ.; [4] PPARC,
Tohoku University

Type Il burst is one of the impulsive radio bursts generated in association with solar flare. Their occurrence frequency has wids
band and changes fast from higher to lower. As for their generation process, it is generally considered that the electron bean
accelerated by magnetic reconnection excites plasma waves (Langmuir waves), then the waves are converted to electromagne
waves. The detailed conversion processes and electromagnetic environment required for the generation have been studied fc
long time, but they have been still discussed. Type Ill bursts have been commonly studied with X-ray flares because the X-ra
emission is also generated by accelerated particles associated with flares through the magnetic reconnection process. Soft X-
is considered to have considerable energy of flare and used as a value to indicate a size of flare.

In this study, we have analyzed spectral structures of type Il bursts observed with AMATERAS, Tohoku university and have
compared them with time variations of GOES soft X-ray flux and SDO EUV images to make precise investigations for particle
acceleration processes relating to generation of type Il bursts. As a preliminary result, it is found that type Il bursts often
appeared in the non flare period having almost same structure as in the flare period. This fact indicates some particle accelerati
processes occurred even in the non flare period. Then we have investigated spectral characteristics, such as drift rates ¢
intensities, of type Ill bursts for various period of X-ray flux levels, and also have investigated expected particle acceleration
regions and their time variations from multi-wave EUV images.

In the presentation, we will show occurrence characteristics of type Il bursts at various solar flare levels based on some evel
studies and will discuss expected particle acceleration processes contributing to generation of type Il bursts.
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Wave vector analyses on low frequency waves in the terrestrial foreshock and
magnetosheath regions

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

A variety of plasma waves are generated in the terrestrial foreshock and magnetosheath regions. They may play an impo
tant role of dissipation processes of the incident solar wind plasma and energy exchanges through the boundary regions of t
magnetosphere. However, their wavelengths cannot be identified uniquely in some cases even if their wave modes are assum
Wave vector analysis techniques have been developed utilizing multi-point observations [Neubauer and Glassmeier, 1990; Nari
et al., 2011]. Recent MMS mission enable us to resolve smaller wavelength in the ion kinetic range [Narita et al., 2016]. We
apply the techniques to low frequency waves detected by MMS in the foreshock and magnetosheath regions and identify the
as whistler mode, ion cyclotron mode, and magnetosonic mode waves. Based on the results, we estimate the distributions of tl
wave dispersion relations in the plasma rest frame and discuss the propagation properties of the waves.
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