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Plasma themes of the Comet Interceptor mission
#Satoshi Kasahara!, Takanobu Amano?, Kunihiro Keika?, Kazuo Yoshioka®, Yutaka Ohira", Ayako Matsuoka®
UThe University of Tokyo,?University of Tokyo,” The Univ. of Tokyo,”Kyoto University,” JAXA

Comets are pristine small bodies and thus provide key information about the solar system evolution. Remote
observations by ground observatories have characterized various comets, while in-situ observations by spacecraft have
brought much more detailed information on several comets. However, the direct observations by spacecraft fly-by or
rendezvous have been limited to the short-period comets, which neared the sun many times in the past and thus lost
some of primitive characteristics. The Comet Interceptor mission, led by ESA, aims at a long period comet or an
interstellar object. JAXA will provide an ultra-small (24 U) daughter spacecraft, whose closest approach will be less
than 1,000 km, allowing the first-ever multi-spacecraft fly-by observations of a comet. Here we give an overview of the
mission with an emphasis on plasma aspects. Small gravity and high production rate of comets set neutral-plasma
environments that are unique in the solar system, while providing insights into plasma universe.
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Grad-Shafranov Reconstruction of Magnetic Mirror Structure generated by Temperature
Anisotropy in the Earth's Magnetosheath

#Ryoya Shimada", Takanobu Amano®, Naritoshi Kitamura®, Hiroshi Hasegawa®
DUniversity of Tokyo,?Univ. Tokyo,”University of Tokyo, " ISAS/JAXA

It is well known that perpendicular temperature anisotropy (Tpep > Tpara) exits particulaly for ions in the Earth's
magnetosheath region behind the quasi-perpendicular bow shock. The anisotropy is believed to be the origin of
magnetic mirror structures and "lion roars", which are electromagnetic whistler waves propagating nearly parallel to the
ambient magnetic field. The minimum-B along the magnetic field line of the mirror structure is thought of as the source
of lion roars. However, in general, it is a difficult task to identify the minimum-B and the distance from it from in-situ
spacecraft observations alone. In this study, we introduce the Grad-Shafranov (GS) reconstruction technique with the
effect of temperature anisotropy for obtaining assumed 2-D magnetic mirror structures to investigate the property of
lion roars.

The GS reconstruction is a method to reconstruct a two-dimensional, timestationary, and magnetohydrostatic structure
under the assumption of isotropic plasma pressure from one-dimensional (time-series) data obtained by in-situ
spacecraft measurement. The GS reconstruction technique has been extended to include the effect of temperature
anisotropy (Sonnerup et al., 2006), which can be used to reconstruct the magnetic mirror structure in the
magnetosheath. However, the validity of assumptions adopted in the extended models has not been confirmed yet and
applications to actual spacecraft observation are very limited at present.

For application to actual observation data, the determination of an invariant axis is necessary. For the determination,
we use the Minimum Direction Derivative (MDD, Shi et al, 2005) method which requires simultaneous
multispacecraft measurements. We will use the four-spacecraft MMS observation data for this purpose and try to
reconstruct the magnetic mirror structures in the magnetosheath.
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Analysis of observed asymmetric structure of interplanetary flux ropes
#Katsuhide Marubashi
NICT

Interplanetary magnetic flux ropes (IFRs) are the central part of plasma structures which are launched into the solar
wind in association with coronal mass ejections. Many of them are observed as asymmetric structures by in situ
measurement by spacecraft. In particular, decreases of the solar wind speed are common within IFRs, which are
generally taken as evidence that [FRs are in expansion. Understanding generation and subsequent evolution of IFRs
requires knowledge of precise details of those structures. The following 4 interpretations are possible to explain the
asymmetric signatures which are seen in in situ observations by spacecraft: (1) IFRs are being accelerated (decelerated)
during spacecraft passage. (2) IFRs are in the state of expansion (contraction). (3) IFRs are really of asymmetric
structure. (4) Magnetic field lines are eroded at some part of the IFR near the surface. The cases (1) and (2) indicate
that the time variations obtained by single point observations can be asymmetric even if the structure itself is spatially
symmetric. Some appropriate structural model is needed to explain the observed asymmetric signature by invoking the
assumption. Actually, no reliable models have proposed so far. In a sense, the case (4) is a special case of (3), and the
erosion idea is becoming a popular research subject. The author has long been trying explain observed IFRs based on
flux rope models of expanding force-free structure. In such studies not a few [FRs were encountered which require
invoking situations (1) and (3) for interpretation. Recently, Demoulin et al. (A&A 639, A6,2020) analyzed more than
90 IFRs and showed statistical results about the asymmetric features of IFRs. Their study starts with estimation of
expansion rate of IFRs from the temporal variations of the solar wind velocity within IFRs, and then proceed to estimate
how the expansion affects the spacecraft observation of magnetic fields. They showed that observed magnetic field
variations could be explained only for about 30 % of the cases, and concludes that some additional mechanism is needed
for understanding the magnetic field variations. In my opinion, however, it is needed to analyze both velocity and
magnetic field data simultaneously for estimation of the IFR expansion. Therefore, I've made up my mind that [ should
examine more details about the observed asymmetric behaviors of the IFRs. Our final objective is to estimate the mutual
importance among (1) ? (4) in each of the observed IFRs. However, it may not be expected that the least squares fitting
analysis with a model which includes all of the conditions (1) ? (4) simultaneously. The reason is that the effects of (1)-
(4) are more or less similar. Thus, we first compare the fitting a result obtained by assuming one of the four condition
independently with another fitting result obtained from a different condition. Then, we calculate one possible
theoretical model with one of the four conditions (for example, condition (1)), and try fitting analyses with a model
which take other Conditions (for example, (2) or (3) or (4)). Through such trials it is expected that we can get insight
to distinguish groups of IFRs for which what conditions are most effective in each of the all observed IFRs.
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Measurement of solar wind density distribution using DM survey of Crab pulsar observation
for 3 years (2018-2020)

#Ryuya Maeda", Munetoshi Tokumaru®, Kaito Tawara?, Toshio Terasawa®, Kazuhiro Takafuji®
VISEE,Nagoya Univ.,?ISEE, Nagoya Univ.,”ICRR, Univ. Tokyo,?KSTC, NICT

We estimated the plasma density of solar wind(SW) from observations of Crab pulsar when the line-of-sight(LOS) of
the pulsar approaches the sun. Crab pulsar is a neutron star that emits pulsed radiation with a period of about 33
milliseconds. This radiation is affected by intervening plasma, such as interstellar medium and SW, resulting in signal
propagation delays. This delay depends on frequency, and the magnitude of frequency dispersion is called dispersion
measures(DM). DM provides an integral of the plasma density on the LOS from the pulsar to the observer. The LOS
of Crab pulsar approaches the sun by ~5Rs(Rs: solar radius) in every mid-June. Observations at this distance range
are important for understanding SW acceleration. Previous observations have shown a rise in DM as the LOS of Crab
pulsar approaches the sun. We have made observation of Crab pulsar using 327MHz radio telescope (SWIFT) since
2018 at Toyokawa. The observation time for a given day was usually 6 minutes, and 8 minutes when LOS approaches
the sun in 2019 and 2020. Focusing on strong pulses (SNR > 15), we determine the DM which optimize intensity
height of the pulse. Based on the obtained values, we investigated the relationship between the variation of DM value
and the distance from the sun. The 2019 analysis shows that the density distribution tends to increase sharply near the
sun. Similar observations was made in 2020, and analysis is underway. We will present the results of DM value for 3
years including analysis results for 2020 in this meeting.
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Comparison between Parker Solar Probe and interplanetary scintillation observations around
perihelions of Orbit 1 and 2

#Munetoshi Tokumaru?, Ken'ichi Fujiki?, Keiji Hayashi", Kazumasa Iwai", Ryuya Maeda?
VISEE, Nagoya Univ.,”’ISEE,Nagoya Univ.

Where and how the solar wind is accelerated remains an open question. The region between a few and a few 10s solar
radii (Rs) from the Sun is considered as the most likely distance range for the solar wind acceleration. This distance
range is difficult to observe by optical methods owing to low plasma density, and inaccessible to in situ measurements
owing to strong radiation from the Sun. The shortage of observational data for this range prevented from elucidating
physical processes of the solar wind acceleration. The in situ mission for the unexplored region near the Sun, named
the Parker Solar Probe (PSP), was launched in August 2018. The PSP orbits and approaches the Sun repeatedly, and
it will eventually reach to 10 Rs (The closest distance of past in situ mission was 60 Rs by Helios spaxcecraft). The PSP
has already completed 5 orbits, and the closet distance was 27 Rs, as of writing this abstract. In order to observe the
solar wind acceleration, the radial variation of the solar wind speed must be discriminated from the longitudinal or
latitudinal variation. However, it is difficult to do it from PSP observations only. We intend to identify the radial speed
variation corresponding to the solar wind acceleration accurately by comparing between PSP and interplanetary
scintillation (IPS) observations of ISEE. Our IPS observations enable determination of distribution of the solar wind
speed in longitude and latitude for the region where the acceleration finished. This report presents results from
comparison between PSP and IPS observations for the period when PSP approached to the Sun in November 2018 and
April 2019 (Orbit 1 and 2, respectively). PSP data of Orbit 1 and 2 have been open to the public. In this comparison,
we assumed that the solar wind flows radially with a constant speed. Since the closest distance of Orbit 1 and 2 was 36
Rs, the effect of the solar wind acceleration is unlikely to be discernible. We note that a limited amount of IPS data were
available for the analysis periods since ISEE IPS observations during winter were suspended owing to snow. In particular,
IPS data corresponding to the period of the Orbit 2 closet approach were almost unavailable, and hence we used IPS
data for the neighboring period. PSP observations for Orbit 1 showed that the solar wind speed changed from slow to
fast ones, and IPS observations were generally consistent with this change. As for Orbit 2, both PSP and IPS
observations showed that the speed was slow, but we couldn't draw a conclusion since there was a discrepancy which
may be caused by the deficit of data. In this analysis, we derived variations of the solar wind density and temperature
from IPS speed data by using the 1D hydrodynamic model, and compared with PSP observations. We found that derived
variations of density and temperature generally agreed with PSP observations. Based on results obtained here, we will
make comparison between PSP and IPS data further in order to address the effects of the solar wind acceleration and
stream-stream interaction.
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Spacecraft radio scintillation observations of the solar wind acceleration region in different

solar activity periods
#Shota Chiba?, Takeshi Imamura??, Munetoshi Tokumaru®, Daikou Shiota®, Hiroki Ando®
YComplexity Science, Tokyo Univ.,” The University of Tokyo,”ISEE, Nagoya Univ.,YNICT,”Kyoto Sangyo University

Radio occultation observation is one of the limited means to approach the solar wind acceleration region, whose physical
properties are difficult to obtain by optical methods because of the thin, dark plasma. The coronal heating by
magnetohydrodynamic waves and the wave-induced magnetic pressure are thought to play major roles in the
acceleration. Radio occultation observations of the corona have revealed frequent occurrence of quasi-periodic
fluctuations of the received frequency, which are thought to be caused by density fluctuations associated with acoustic
waves (e.g., Efimov et al. 2012). The acceleration profile and the radial distribution of quasi-periodic density
fluctuations were revealed by radio occultation observations in 2011 using radio waves transmitted from Akatsuki
spacecraft and received at the ground station (Imamura et al. 2014; Miyamoto et al. 2014). The density fluctuations
were attributed to acoustic waves and were considered to have been generated from the nonlinearity of Alfven waves
that originate from the photosphere. They also quantitatively analyzed the radial dependence of the wave energy flux.
However, since the observations in 2011 using Akatsuki covered the quiet sun region only, the characteristics in coronal
hole regions is unclear. Moreover, the dependence on the 11-year solar activity cycle is also left to be studied.

In this research, we analyze data taken in Akatsuki's radio occultation observations carried out during the superior
conjunction periods from 30 May 2016 to 15 June 2016 and from 29 December 2017 to 20 January 2018 as well as the
observations in 2011. Solar 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. The frequency and the intensity time series of radio waves received at the
ground station are analyzed. Radial velocities of the solar wind are estimated from intensity spectra, and wavelet analysis
is applied to the frequency time series to detect quasi-periodic density fluctuations that are thought to be manifestations
of acoustic waves.

From the data taken in 2016, we derived the radial dependences of the flow velocity, the spectral slope of the density
fluctuation, the inner scale and the acoustic wave's amplitude. We found a striking difference in the solar wind velocity
between the regions near coronal holes and other regions by comparing the derived velocities with those measured at
far distances by IPS (Interplanetary Scintillation) observations. The inner scale, which is the scale of the dissipation of
turbulence, was also found to be different between the coronal hole region and other regions. The difference in the
plasma processes between fast and slow winds is being investigated.

We also study the dependence of the plasma processes on the solar activity by analyzing all the data taken from 2011
to 2018 and comparing the results.
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Compressional magnetohydrodynamic turbulence as a possible origin of magnetic switchbacks
observed by Parker Solar Probe

#Munehito Shoda, Benjamin Chandran?, Steven Cranmer”
SSO, NAOJ,?University of New Hampshire,”University of Colorado Boulder

Origin of local magnetic polarity reversal (magnetic switchback) observed by Parker Solar Probe (PSP) is one of the
most challenging mysteries in the solar (and possibly stellar) wind physics. Amongst two candidates of the origin
(reconnection event in the solar atmosphere / in-situ generation by large-amplitude Alfven waves), we seek the
possibility of the latter scenario by conducting a direct numerical simulation that reproduces the bulk property of the
solar wind observed in the first encounter of PSP. Our model reproduces several observed properties of the Alfvenic
slow solar wind, including radial variation of density and velocity, high cross helicity, and magnitude of density
fluctuation. Magnetic switchbacks with Alfvenic velocity enhancement are spontaneously generated by
magnetohydrodynamic turbulence above 10 solar radii, although the filling factor of them is significantly smaller than
observation.
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On scattering of alpha particles by non-resonant low-frequency Alfven waves in the solar wind
#Yasuhiro Nariyuki
Faculty of Education, Univ. Toyama

It is well known that alpha particles in the solar wind often have the relative drift speed to core protons[e.g., March et
al, JGR (1982); Bourouaine et al, Ap] (2011); Matteini et al, Ap] (2015); Zhao et al ,ApJL (2020)].
Theoretical/numerical studies on the relative speed/ temperature ratio between alpha particles and protons have also
been carried out by many authors [e.g., Chandran et al, Ap] (2013); Hellinger+ Travnicek, JGR (2013); Maneva et al,
A&A (2015)]. In this presentation, we revisit scattering of solar wind alpha particles from the point of view of non-
resonant diffusion by low-frequency Alfven waves [e.g. Yoon et al, POP (2009)]. Numerical results of test particle
simulations show non-resonant pitch angle diffusion in the wave rest frame, which corresponds to increase of
temperature. The relationship between the non-resonant diffusion and the Alfven/Beltrami state[e.g., Yoshida, Nonl.
Sci. Numer. Simulat. (2012); Nariyuki, POP (2012); Nariyuki et al, POP (2015)] will also be discussed.



R007-09
Zoom meeting A :11/1 PM1 (13:45-15:30)
13:45-14:00

XRFEHEHIRRBAO/-DDAHT VAN 7 2 —X VT L[ EBOREF
#EH —IE
%K ISEE

Development of general purpose digital phased array instrument for next generation space-

earth environment observations
#Kazumasa Iwai
ISEE, Nagoya Univ.

Low-frequency radio observations are widely used for the space-earth environment researches such as the Sun, solar
wind, ionosphere, and atmosphere. In this frequency band, it is effective to obtain a large aperture area and a wide
field-of-view by forming an array with a large number of antennas. There are various kind of phased array radio
telescopes and radars in Japan, such as the interplanetary scintillation observation system of the Institute for Space-
Earth Environmental Research (ISEE), Nagoya University. In this research, we have developed a general-purpose
digital phased array instrument for space-earth environment observation, especially to be installed in the next
generation interplanetary scintillation observation system of ISEE.

A digital board newly designed for this instrument has 8 analog input ports, 8 analog-digital converters (ADCs), one
field-programmable gate array (FPGA), and one 10-Gbit Ethernet output. The size of this instrument is 37 cm x 27
cm, and it can be further downsized. Hence, it can be stored in the front-end part of various observation systems. In
addition, the price has been reduced compared to conventional products. Eight input signals are converted to 12-bit
digital signals by the ADCs. The ADCs respond to input signals up to several GHz and can process input signals much
higher than the clock frequency by using the aliasing. For example, we can measure 308-346.6MHz by the operating
clock of 77Msps, which corresponds to the 38.5MHz bandwidth, using appropriate bandpass filters in the analog stage.
The digitized signal is converted to 16384-point complex spectra by the fast Fourier transform by the FPGA, and the
beamforming can be performed by adding the eight complex spectra using arbitrary different delay filters. A power
spectrum is derived from the complex spectrum after the beamforming, and output power spectra are derived every 10
ms. This system enables us to measure four beams simultaneously by processing four types of different beamforming
in parallel. In the laboratory experiments, we confirmed that the beam can be formed in the appropriate direction by
setting appropriate delay filters. It is possible to form a larger array by connecting a large number of this instruments.
Therefore, this instrument can be applied to various future projects.
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Occurrence dependence on solar cycle for type III radio bursts based on the automatic

detection analysis using machine learning

#Yuichiro Seki", Hiroaki Misawa', Takahiro Obara", Fuminori Tsuchiya", Tatsuya Fujimoto
DPPARC, Tohoku Univ.

1

Type Il solar radio bursts are one of intense radio wave emissions that appear with the solar flares. They appear in the
wide frequency range from the GHz to kHz band, and show a large negative frequency drift. A generation process of
type III bursts is thought that high energy electrons originally generated with magnetic reconnections during a flare
event excite Langmuir waves in the solar corona and/or interplanetary space, then the Langmuir waves are converted
into electromagnetic waves observed as type III bursts. It is therefore generally assumed that the frequency of type 111
bursts reflects the plasma density in the solar corona and/or interplanetary space where the radio waves are generated,
and their frequency drift reflect the plasma density distribution and the velocity of high-energy electrons.

It is well known that density distributions of the solar plasma differ depending on the activity of solar surface area (ex.
Aschwanden and Acton, 2000). This implies that the plasma density distribution roughly varies with the solar activity
cycle and therefore the frequency drift rates of type III bursts might show solar cycle dependence since the drift rate
should reflect plasma density distributions along the paths of high energy electrons and also their energies. Although
the occurrence rates of type III bursts are known to show a positive correlation with solar activity, our knowledge for
solar cycle dependence of the drift rates has been still limited (ex. Zhang et al., 2018).

In this study, we have investigated statistical occurrence features of type III bursts, especially drift rate, flux density and
their mutual relations, to clarify their solar cycle dependence. For this purpose, we have tried to make statistical analyses
of type III bursts using a database of solar radio spectra observed with the Nancay Decameter Array (NDA) in France
since 1977. We have analyzed the low-resolution data (175 kHz frequency resolution, 1 second time resolution) of the
Nancay Decameter Array (NDA) in Paris, France. Although the observation frequency range of NDA is 10MHz-
80MHz, we have used the spectra for 30-80MHz to avoid hard artificial radio noises below 30MHz.

In this analysis, an automatic burst detection system was newly developed to make the statistical analyses. First,
candidates of solar radio bursts were picked up as the ones whose radio flux exceeded some threshold level. Second,
more plausible candidates as type III bursts were sorted out automatically as the bursts appearing continuity in the
frequency and time domains at some extents and also with the negative frequency drift. Next, we visually identified the
detected burst candidates, classified the type III bursts and those that were not, and developed a Convolution Neural
Network (CNN) that detects type III bursts. Finally, we identified the type III burst from the CNN results through a
visual check.

Using the developed automatic detection system, analyses for the NDA data observed in the solar cycle 24 have been
performed. A preliminary result shows that the number of detected type III bursts in 2017 (near the solar minimum)
was reduced to about 2/5 compared to that in 2013 (around the solar maximum) and frequency drift rate was somewhat
higher in 2017 than 2013. In the presentation, we will introduce the automatic type III bursts detection system and
show solar cycle dependence for the occurrence characteristics of type III bursts based on statistical analysis with the
discussion of their background processes.

Acknowledgments: The solar radio spectrum data was provided by the Nancay Observatory, Observatoire de Paris,
France. We would appreciate Dr. L. Lamy and the NDA operation group.
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The characteristics of electron events and type III radio bursts in 3He-rich impulsive solar

energetic particle phenomena

#Tatsuya Fujimoto!, Hiroaki Misawa®, Fuminori Tsuchiya®, Takahiro Obara®

UPPARC, Tohoku University,”PPARC, Tohoku Univ.,” Planet. Plasma Atmos. Res. Cent., Tohoku Univ.,PPARC,
Tohoku University

Solar Energetic Particles (SEPs) are protons, electrons, and heavy ions of 10 keV to several tens GeV generated with
flares and coronal mass emissions (CMEs), which are explosive phenomena near the solar surface. SEPs are classified
into two types; i.e., impulsive and gradual types, based on the elemental abundances and the time profile of ion flux
variations. Also, it has been reported that a phenomenon called type III radio bursts, which are suddenly appearing
emissions caused by flares, are often observed in the tens to hundreds of MHz band when impulsive SEPs occur [Cane
et al., 1986; McDowell, 2003]. Type III bursts are thought to be generated by energetic electrons accelerated by
magnetic reconnections during flares, which propagate along the open magnetic field lines. That is, an injection of the
energetic electrons into the solar corona leads to the generation of Langmuir plasma waves, and the waves are converted
into radio waves as Type III bursts where the radio wave frequency is as same as the local plasma frequency. Type 111
bursts appear in the frequency range from GHz to kHz, and show rapid negative frequency drifts. The spectral structure
is considered to reflect the motion of accelerated electron beams.

Impulsive SEPs, also known as electron-based events, show higher ratios of *He/*He and Fe/O than general
composition of the solar corona. *He-rich SEPs are commonly observed below 1 MeV nuc™ [Nitta et al., 2015] and they
are often associated with 1-100keV electron events [Reames et al., 1985]. Temerin and Roth [1992] proposed that the
electromagnetic ion cyclotron (EMIC) waves would exist in the accelerating region of the electron beams that generate
type III bursts in the solar corona by a similar physical process of the electron beam generation to that in the Earth's
auroral region. In this idea, EMIC waves are thought to play a resonator which selectively increases flux of ions, such as
%He and Fe. According to this idea, it is expected that both the flux of impulse SEPs and the spectral structure of type
III bursts include some features related to particle accelerations. In addition, if the amplitude of the EMIC wave works
effectively in particle acceleration, it is also expected that the SEP flux, the intensity of the type III bursts and the flux
of the energetic electrons that generate the type III burst might have positive correlations. However, there are few
reports comparing characteristics of SEPs type III bursts from such a viewpoint, and the relationship between both of
them has not been clarified well.

In this study, we have tried to make a detailed comparative analysis for impulsive SEP phenomena and type III bursts
to elucidate relationship between both of them. We have analyzed energy and flux time profiles of SEPs using solar
particle data observed with the ACE, WIND, and SOHO satellites staying around the L1 point. On the other hand, we
have analyzed spectra of type III bursts using solar radio wave data observed with the WIND satellite, and ground-
based solar radio telescopes AMATERAS of Tohoku University. In the presentation, we will report the results of the
comparison studies for the characteristics of ion and electron fluxes of impulsive SEPs and those of the spectra and flux
of the type III bursts, and discuss the relationship both of them including generation processes of impulsive SEPs.
Acknowledgments: Solar energetic particle data are provided by the ACE Science Center, NASA, and the Turku
University Space Research Laboratory. We thank the operation groups of the ACE, WIND, and SOHO projects.
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Relationship between solar energetic particles and spectral fine structures of metric type II

radio bursts - II

#Hiroaki Misawa!, Fuminori Tsuchiya?, Takahiro Obara®, Tatsuya Fujimoto®, Yuichiro Seki®

UPPARC, Tohoku University,”PPARC, Tohoku University,” PPARC, Tohoku University,"PPARC, Tohoku
University,’PPARC, Tohoku University

It is well known that a type II burst is one of sporadic and intense solar non-thermal radio phenomena, which shows
gradual negative frequency drift in the metric to kilometric wavelength ranges and is generated with a coronal mass
ejection (CME) event. As a plausible generation process of type Il bursts, it is proposed that electro-static plasma waves
originated from energetic electrons are effectively converted to electro-magnetic waves (type II bursts) at the region
where the local plasma frequency is equal to wave frequency. A type II burst often occurs with energetic protons and
ions with the energy of more than the MeV grade, and such an energetic phenomena is called a solar energetic particle
(SEP) event. The coincident occurrence of type II bursts and SEPs strongly suggests that both energetic electrons and
protons/ions would be the same origin initiated by a CME event. The occurrence characteristics of type II radio bursts
and also SEPs have important information on the origins and generation processes of energetic particles and have been
of course investigated well individually, however their relationships have not been well known except a recent research
for the kilometric to hectometric type II bursts (Iwai et al., 2020).

We have investigated the relationship between SEPs and metric type II bursts from a view point of the clarification of
characteristics of SEPs from the occurrence characteristics of type II bursts. We have especially paid attention to
spectral fine structures of type II bursts identified in the metric wavelength by our group (Kashiwagi et al., 2016). We
have analyzed drift rates of fundamental elements of type Il bursts using the radio data observed with the AMATERAS
system, Tohoku University (Iwai et al., 2012) for the type II burst events observed in 2011 ? 2017 with weak to extinct
SEP natures. From the drift rate analyses for the spectral fine structures, two possibilities are suggested for their origin:
1)the fine structures are just apparent ones where radio waves are generated in some expanded area simultaneously if
the source regions are in relatively dense plasma condition, or 2)the fine structures reflect fast drift SEPs with radiating
short-term radio bursts if the source regions are in not so dense plasma condition. In the presentation, we will introduce
results of the drift rate analyses and discuss relationship between SEPs and spectral fine structures of type II bursts
including a viewpoint of space-weather, and also make reference to future observations of solar radio observations in
meter to decameter wave ranges.
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5-season's optical observation of neutral helium distribution in interplanetary space by Hisaki
#Atsushi Yamazaki"”, Go Murakami?, Kazuo Yoshioka®, Tomoki Kimura”, Fuminori Tsuchiya®, Masato Kagitani®,
Hajime Kita”, Masaki Kuwabara, Takeshi Sakanoi®, Naoki Terada?, Yasumasa Kasaba'?, Ichiro Yoshikawa'",
project team Hisaki (SPRINT-A)'?

DISAS/JAXA,?ISAS/JAXA,¥The Univ. of Tokyo,” Tohoku University,” Planet. Plasma Atmos. Res. Cent., Tohoku
Univ.,”ISAS/JAXA,”PPARC, Tohoku Univ,® Grad. School of Science, Tohoku Univ.,” Dept. Geophys., Grad. Sch.
Sci., Tohoku Univ.,'®Tohoku Univ.,'"VEPS, Univ. of Tokyo,'¥ISAS/JAXA

Relative motion exists between the heliosphere and interstellar medium, and interstellar medium flows into the
heliosphere as interstellar wind. The major constituents of interstellar medium are hydrogen and helium, and their
neutrals can penetrate the heliosphere beyond the heliopause. Once the neutrals are ionized by the solar ultraviolet
light in the heliosphere, they are picked up by the solar wind and return back to the heliopause. Only neutral helium
can penetrate deep near the sun, while remaining neutral. This is because the ionization rate is low due to the high
ionization energy.

The motion of neutral particles in the heliosphere is determined by solar gravity and solar radiation pressure. The orbit
of helium atoms becomes Keplerian motions because the term of radiation pressure is almost negligible. As a result,
dense regions form on the downwind side of the interstellar wind. This is called a helium cone. The helium distribution
in the helium cone is dependent on the velocity and direction of the interstellar wind and the density and temperature
of helium atoms in the interstellar medium. Although optical observation of neutral helium is a study that has been
done since the 1970s, it is a valuable method because it is possible to estimate the parameters of interstellar medium
from the observation in interplanetary space.

The "Hisaki" (SPRINT-A) satellite has an extreme ultraviolet spectrograph which can detect resonance scattered light
of helium atoms. The main aim of "Hisaki" is to observe planets continuously over a long period, observation of
resonance scattered light from helium atoms in interplanetary space is also carried out, as an optional observation, at
the time when "Hisaki" passed through the helium cone between November and December from 2015 to 2019.

By comparing the observations with the emission distribution calculated from the simple model of helium cone
formation, interstellar wind direction was estimated. As a result, it was confirmed that the direction of the interstellar
wind was consistent with recent observation by other satellites, and it was confirmed that the direction of the interstellar
wind was temporally stable for these 5 years.
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Simulation study on the invading process of galactic cosmic rays into the heliosphere
#Kotaro Yoshida?, Shuichi Matsukiyo!-?, Haruichi Washimi?, Tohru Hada?
DIGSES, Kyushu Univ,?ICSWSE, Kyushu Univ

Heliosphere is the region dominated by the plasma and the magnetic field of solar origin and has characteristic
structures such as termination shock and the heliopause. Most of galactic cosmic rays (GCRs) are prevented from
entering the heliosphere. A fraction of them can propagate deep inside the heliosphere and be observed at the earth.
The motions of charged particles in the heliosphere are quite complex. The GCRs are transported under the influence
of convection due to the solar wind flow and diffusion by complex magnetic fields in the heliosphere. However, the so-
called diffusion convection model does not represent particle trajectories. Our goal in this study is to understand the
invading process of GCRs in the level of particle trajectory.

We performed three-dimensional relativistic test particle simulations using electromagnetic fields reproduced by the
global MHD simulation of the heliosphere assuming time stationarity (Washimi, et al. 2015). In the MHD simulation,
the solar wind velocity, density, magnetic field strength and temperature at 1AU are assumed to be 400km/s, 5.0/cc,
35 u G and 10°K respectively. These quantities are simply extrapolated to the inner boundary of the simulation domain
at 50AU from the sun. For the outer boundary at 900AU, the corresponding parameters in interstellar plasma are
23km/s, 0.1/cc, 6,300K, and 3 u G respectively. Initially, 5¥107 particles (protons) with Lorentz factor y = 10 (~
10GeV) or y = 1000 (~1000GeV) are distributed just outside the heliopause. Their distribution function is given by
a mono-energetic shell distribution.

As aresult, we found that characteristics of particle trajectories change depending on the relative scales between particle
gyroradii and spatial scale of heliospheric magnetic structures. In case of y = 10, particle trajectories are strongly
affected by local electromagnetic fields, since their gyro radius is much smaller than typical spatial scales of heliospheric
magnetic structures. Most of the particles following draping interstellar field lines are mirror reflected at the heliopause
or skirt around the heliosphere. A few particles invade into the heliosphere from the side or the tail region of heliopause.
Some invading particles propagate deep inside the heliosphere along the solar wind current sheet. Some others travel
for long time being trapped by the spiral solar wind magnetic field lines. In the case of y = 1000, while most particles
are mirror reflected at the heliopause or pass through the heliosphere, relatively many particles easily invade the
heliosphere due to their large gyro radius. Some invading particles reach the inner boundary with almost linear motion.
There are, on the other hand, some particles showing eccentric trajectories. Once they almost pass through the
heliosphere but are strongly scattered back by interacting with turbulent magnetic field in the tail region and finally
reach the inner boundary. In the presentation we discuss some statistics of the particles reaching at the inner boundary
such as spatial distribution, energy dependence of the number of reaching particles, and so on.
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