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Development of digital phased array instrument for next generation solar wind

observation system 2: multistage FPGA connection
#Kazumasa lwai

(1]SEE, Nagoya Univ.

Interplanetary scintillation (IPS) is a radio scattering phenomenon caused by the disturbances in the solar wind. It has been
an important technique to investigate the global structure of the heliosphere. The IPS observation requires a large aperture
area for the radio telescope to detect the IPS signature from many radio sources, which means the increasing number of the
input signal. The next generation IPS observation system will require about 1000 of analog input signals. We have already
developed a proto type of the digital phased array instrument. This instrument has 8 analog-digital converters (ADCs) and a
field-programmable gate array (FPGA). This system enables us to form 8 beams simultaneously. In this study, we investigated
a multistage connection of FPGAs based on the proto type system to develop a larger array system.

A large array antenna requires a separated ADC and FPGA modules, because the ADC modules should be located close
to the front-end receivers, while FPGA modules should be in a stable environment. The newly designed system has an
independent ADC module and FPGA module that are connected to the optical fibers. Eight of the input signals are digitized
in the ADC module and transferred to the FPGA module. Then digital signals are converted to 16384-point complex spectra
by the fast Fourier transform on the FPGA, and the beamforming can be performed by adding the eight complex spectra using
arbitrary different delay filters. After the beamforming, the complex spectra are transferred to the next FPGA connected by
the optical fiber. The next FPGA has eight input port and the same beamforming stage as the first one. Therefore, the FPGA
in the second step can combine 64 analog signals. A multistage connection of the FPGAs enables us to form a larger array.
FPGAs in all stages have a calibration sequence that makes a calibration table that compensates an amplitude and phase
differences of the 8 signals. By Appling this table, we can quickly calibrate the amplitude and phase differences of antennas,
receivers, and optical fibers between the FPGAs. We found that an array system of 64 input signal using the 8 ADC modules
and 9 FPGA modules can be constructed within a realistic cost.
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Distribution of Solar Wind Sources at the solar surface from 1985 to 2016
#Kenichi Fujiki¥,Munetoshi Tokumartl,Kazumasa Iwa
(1]SEE.,Nagoya Uni\2ISEE, Nagoya Univi?ISEE, Nagoya Univ.

The global solar wind structure is usually observed as latitudinal bimodal structure, i.e. the slow solar wind (SSW) in
lower latitudes and the fast solar wind (FSW) around the poles. The width of the SSW belt strongly depends on solar activity.
During a solar minimum, the SSW belt is confined in a narrow region around the equator (20 deg.). The SSW belt extends
to higher latitudes in a rising phase and covers the whole Sun during a solar maximum. Then, the SSW belt shrinks to lower
latitudes in a declining phase. In JpGU 2021 meeting, we reported a good correlation (r “0.7) between the boundary latitude
of the fast-slow solar wind and the tilt angle of the heliospheric current sheet (1). The high correlation indicates that the solar
wind sources at lower latitudes increase during high solar activity periods. In this study, we determine the solar wind source
region at the solar surface by the PFSS approximation of the coronal magnetic field using the synoptic magnetogram at Kitt
Peak National Solar Observatory from 1985 to 2016. Each footpoint cluster of open magnetic fluxes on the solar surface is
labeled as an isolated open flux region (a candidate of a coronal hole) by the coronal hole detection algorithm (2). Then,
physical properties such as the average magnetic field strength, the physical area, the magnetic flux expansion rate, and the
centroid coordinate of each open flux region are calculated. The average speed of the solar wind originated from each open
flux region are derived from the interplanetary scintillation (IPS) observation at ISEE/Nagoya University. We plot the solar
wind source on a butterfly map produced by using open magnetic field footpoints and compare the properties of the open flux
region and solar wind speed. In this presentation, we discuss the variation of the distribution of solar wind sources and the
connection to the global structure of the solar wind.

References:

(1) Fuijiki et al, JpGU2021, PEM14-P03, 2021 Simple Estimation of the Global Solar Wind Structure”

(2) Fujiki et al, ApJL, p827, L41, 2016,LONG-TERM TREND OF SOLAR CORONAL HOLE DISTRIBUTION FROM
1975 TO 2014”
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Coronal density measurements at Cycle 24/25 minimum using giant radio pulses
of the Crab pulsar

#Munetoshi Tokumari,Ryuya Maeda? Kaito Tawara-2) ,Kazuhiro Takafujt), Toshio Terasawa

(1]SEE, Nagoya Univi2ISEE,Nagoya Univi3KSTC, NICT(4ICRR, U. Tokyo

Observations of the Crab pulsar have been conducted since 2017 at the Toyokawa observatory of Institute for Space-Earth
Environmental Research (ISEE) of Nagoya University using the 327-MHz radiotelescope called the Solar Wind Imaging
Facility Telescope (SWIFT). We derived dispersion measures (DMs), which represent the integration of electron density
along the line of sight (LOS), from Crab pulsar observations. The LOS for the Crab pulsar approaches to the sun as close
as 5 solar radii every mid-June; therefore, Crab pulsar DMs enable investigation of the plasma density distribution near the
sun. We detected increases in DM, which were ascribed to the effect of the coronal plasma, from Crab pulsar observations
in June 2018 and 2019. We determined the plasma density distribution near the sun by fitting a spherically symmetric model
to observed DM increases. The best fit model had a flat radial slope, which was attributed to the effect of the coronal
hole over the poles. This interpretation was verified from comparison between our DM data and LOASCO/C3 coronagraph
observations. Further, the coronal density model obtained here was similar to that derived from earlier studies using DM
measurements in solar minima or declining phases of the past solar cycles. This suggests that the plasma density level of this
minimum remained unchanged from those in the past cycle despite of significant weakening solar activity in this cycle. A
marked decline in the solar wind density was reported from in situ measurements in the Cycle 23/24 minimum and early part
of the Cycle 24. In this study, we argued possible explanations to reconcile our result with earlier studies.
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Construction of an automatic extraction system for magnetic neutral lines using

image data from solar observation satellites
#Nao Akamatstl,Masayuki Yamamotd, Yumi Bamba’,Shinsuke Imada
(1KUT,(®2Nagoya University

In this study, we used the observation data of the solar observation satellite SDO (Solar Dynamics Observatory) launched
by NASA to automatically detect the local magnetic field structure that triggers the occurrence of solar flare, which is an
explosion phenomenon on the sun. Flare occurs more frequently when solar activity becomes active, and when high-energy
particles due to flare reach the earth, large-scale damage to earth orbiting satellites, aircrafts, transmission and distribution
networks, communications, etc. may occur. So far, the sun has been observed by various methods, and research on the
mechanism of solar flare generation has been conducted. Above all, the question of "when, where, and on what scale flare
occurs”, that is, "what triggers flare” remains as an extremely important issue when considering the space weather around the
earth. Previous studies have produced results on the elucidation of the flare trigger mechanism using observation data from
the Japanese solar observation satellite "Hinode” (Bamba, 2013). After that, a comparison was made using SDO observation
data for the purpose of increasing the number of flare events and increasing the data sample for statistical analysis of the
triggering process, and flare triggers can also be detected in the SDO observation data as was shown by Bamba et al. (2014).

Firstly, we attempted image analysis of M6.6 flare that occurred on February 13, 2011 in order to analyze one event with
referring to the method of Banba (2013).The SDO observation data was downloaded from the Joint Science Operation Center
(JSOC), loaded into Solar Software, and command line input was appropriately performed on the IDL (Interactive Data
Language) CUI system to display the image. | have been handling image data on the system while working according to
the SDO observation data analysis manual etc. that have been prepared so far to deepen my understanding. As a result,
it was possible to extract a rough magnetic neutral line from a manually enlarged image of an arbitrary active area. From
here, in order to analyze a finer structure, we are studying the optimum application method of image processing technology
such as filter processing. In this presentation, we will use two types of simultaneous observation images observed by HMI
(Helioseismic and Magnetic Imager) and AIA (Atmospheric Imaging Assembly) among the SDO observation data, and
automatically generate magnetic neutral lines for any active region. We will discuss the construction method of the extraction
system and introduce the initial results.
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Short-period density fluctuations in the solar wind detected in spacecraft radio

signals
#Shota Chib&, Takeshi Imamurd,Hiroki Ando®)
(IComplexity Science, University of Toky& The University of Tokyd?Kyoto Sangyo University

Radio occultation observations of the solar corona by spacecraft are made during solar conjunction. The inhomogeneity
of density pattern in the solar wind plasma disturbs radio wave’'s phase, and we can derive the spatial structure of density
fluctuations in the solar wind from received radio wave’s phase fluctuations (e.g., Efimov et al., 2012, Woo and Armstrong,
1981). Quasi-periodic electron density fluctuations have been detected, termed as quasi-periodic component (QPC), with
spacecraft radio occultation experiments and identified them as acoustic waves (e.g., Efimov et al., 2012, Miyamoto et al.,
2014). Although the mean scale of the QPCs is abodt11®d km, it is suggested by radio scintillation observations that
the dissipation scale of turbulence around 10 solar radii is several km to 10 km (e.g., Coles and Harmon, 1989). We need to
detect waves with a shorter wavelength than that detected so far and evaluate the energy transport. However, removing the
ambiguity of the period 2r on phase signals from high time-resolution data is difficult due to the limitation by the S/N ratio.
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Occurrence dependence on solar cycle for ordinary and micro type Il bursts in

solar cycles 23 and 24
#Yuichiro Sekl),Hiroaki Misawa, Takahiro Obar,Fuminori Tsuchiy® ,Satoshi Masuda,Kazumasa Iwai ,Akira Morioka!)

(IPPARC, Tohoku Univi2STEL, Nagoya Univ(?ISEE, Nagoya Univ.

Type Il bursts are one of intense solar radio emissions and generally show a large negative frequency drift. Some of them
originate above solar active regions and appear with solar flares. These type Il bursts are hereafter referred to as ordinary type
Il bursts. On the other hand, type Il bursts sometimes appear as clusters which are characterized by thousands of short-lived
type Il bursts lasting for a few days or more than a week (type Ill storm). Morioka et al. (2007; 2015) proposed the term
‘ micro type lll bursts’, which are elements of a type |ll storm. They also suggested that micro type Il bursts originate near
the edge of coronal streamers and are not just weaker forms of the ordinary type Ill bursts because a distribution of emitted
power flux is different from that of ordinary type Il bursts.

Generation processes of type Il bursts are thought that high-energy electrons originally generated with magnetic recon-
nections excite Langmuir waves in the solar corona and/or interplanetary space, then the Langmuir waves are converted into
electromagnetic waves, which are observed as type Il bursts. It is therefore generally considered that the frequency of type
[l bursts reflects the plasma density in the solar corona and/or interplanetary space where the radio waves are generated,
and their frequency drift rates (DRs) reflect the plasma density distribution and the radial velocity of high-energy electrons.
The radial velocity of high-energy electrons is determined by not only the velocity of high-energy electrons but the radial
component of the magnetic field along which the high-energy electrons propagate.

It is well known that density distributions of the solar plasma differ depending on the activity of solar surface area (ex.
Aschwanden and Acton, 2001). This implies that the plasma density distribution varies with the solar cycle and therefore
the DRs of type Il bursts might show solar cycle dependence. Although the occurrence rates of type Il bursts are known
to show a positive correlation with solar cycle, our knowledge for solar cycle dependence of the DRs has been still limited
(ex. Zhang et al., 2018). Moreover, there has been no study that classifies types of type Il bursts as ordinary or micro, and
analyzes long-term variations of their DRs.

In this study, we have investigated occurrence features of DRs for

ordinary and micro type Il bursts to clarify their solar cycle dependences. For this purpose, we have tried to make statisti-
cal analyses of type Il bursts using a database of solar radio spectra observed with the Nancay Decameter Array (NDA). We
have analyzed the low-resolution data (175 kHz frequency resolution, 1 second time resolution) of the NDA.

An automatic burst detection system was newly developed to make the statistical analyses. Threshold methods, Convolu-
tion Neural Network (CNN) methods, and least squares methods with curve fitting are applied to our detection system. From
candidates of type Il bursts detected by this system, we finally selected ordinary and micro type Il bursts through a visual
check.

Using the developed automatic detection system, we analyzed type Il bursts for totally 10 years, 2012-2014 as around the
solar maximum, 2007-2009 and 2017-2020 as around solar minimum, and detected about totally 3,500 simple well-isolated
type Ill bursts, whose DRs are calculable. A preliminary result shows that the averages of DRs with a standard deviation at
40[MHZz] for micro type Il bursts are 5.7= 1.9[MHz/s] and 6.6t 2.3[MHz/s] around the solar maximum and minimum,
respectively, while those for ordinary type Il bursts are 6.2.0[MHz/s] and 7.0+ 2.6[MHz/s]. Although the differences
in the average DRs are not more thaw Ifor solar activities and types of bursts, the analyses suggest that the DRs for the
ordinary type Il bursts are larger than those of micro type Il in both solar minimum and maximum, and the DRs for the solar
minimum are larger than those for the solar maximum.

It is expected that larger DRs are produced by the energetic electrons moving faster (case-1), in steeper density gradients
(case-2) and/or along magnetic fields with larger radial components (case-3). In order to understand the results of the DR
differences, we are currently making careful evaluation especially for the possibilities of case-2 and 3.



In the presentation, we will show solar cycle dependence for the occurrence characteristics of both ordinary and micro type
[l bursts with the discussion of their expected 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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Relationship between solar energetic particle events and metric ? kilometric type
[1/11l radio bursts

#Hiroaki Misawa) ,Fuminori Tsuchiy®, Takahiro Obar#, Yuichiro Seki

(IPPARC, Tohoku Univi2Planet. Plasma Atmos. Res. Cent., Tohoku URRPARC, Tohoku Universit{* PPARC

It is known that type Il and Ill bursts are sporadic and intense solar non-thermal radio phenomena, which are generally
generated with coronal mass ejection (CME) and flare events, respectively. The bursts are also known to be highly correlated
with the occurrence of solar energetic particles (SEP) with the energy of more than the MeV grade (ex. Miteva et al., 2017):
type Il bursts often occur with 'gradual’ type SEP events, while type 11l bursts often occur with 'impulsive’ type SEP events
(ex. Reams, 2012). Since the fluence of energetic particles of gradual SEP events are generally larger than the that of
impulsive SEP events, type |l bursts are often more intensively analyzed to investigate their relationship, such as spectral
characteristics of type Il bursts with the magnitude of SEP. However, a theoretical study based on diffusive shock acceleration
for generating sufficient amount of 'gradual SEP’ requires pre-accelerated 'seed’ particles (ex. Tylka & Lee, 2006). One of
the candidates of the 'seed’ particles is thought to be those generated though flares, so the investigation of the relationship
between gradual SEP events and type Il bursts is also important as well as that for type Il bursts.

We have analyzed the relationship between SEP events and metric to kilometric type II/lll radio bursts for investigating
which spectral characteristics of the bursts including fine structures affect fluence & energy of SEP. In the analyses we have
used the radio wave data observed by the IPRT/AMATERAS and Zao systems (Tohoku Univ.) in the metric - decametric
wave ranges, the Nancay Decametric Array (Obs. de Paris) in the decametric wave range and the WIND/WAVES in the
hectometric - kilometric wave ranges in main. In the presentation, we will introduce results of the analyses and discuss
relationship between SEPs and spectral characteristics of type Il/11l bursts and also among them.
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An event study on electrostatic solitary wave excitation and electron distributions

in the lunar wake boundary

#Masaki N Nishind ,Yoshiya Kasahara, Yuki Harad& , Yoshifumi Saitd),Hideo Tsunakawa,Atsushi Kumamot® ,Shoichiro
Yokota?) ,Futoshi Takahashi,Masaki Matsushina,Hidetoshi Shibuy® Hisayoshi Shimiz¥, Yukinaga Miyashit&-!1)
(1JAXA, 2Kanazawa Univi®Dept. of Geophys., Kyoto UniviDept. Geophys, Tohoku Uni{?Osaka Univ{éKyushu
Univ.,("Tokyo Tech(®Doshisha Universit{? ERI, University of Tokyo{'°KASI,(1'KUST

Electrostatic solitary wave (ESW) is a plasma wave commonly seen in space, and it is observed as broadband electrostatic
noises (BENS) in frequency-time spectrograms due to its nature of the solitary waveforms. In the plasma environment around
the Moon, spacecraft observations in recent decades have shown the existence of ESWs, but their excitation mechanism is not
fully understood. Here we revisit an ESW event in the wake boundary previously reported by Hashimoto et al. (2010), focus-
ing on the relation between BENs and electron pitch-angle distribution functions. We show that upward electron beams from
the nightside lunar surface are effective for the excitation of ESWs, in contrast to the original interpretation by Hashimoto
et al. (2010) that high-energy electrons accelerated by strong ambipolar electric fields generate ESWs in the region far from
the Moon. When the BENs were observed by the Kaguya spacecraft in the wake boundary, the spacecraft’s location was
magnetically connected to the nightside lunar surface, and bi-streaming electron distributions of downward-going solar wind
strahl component and upward-going field-aligned beams (at 124 eV) were detected. The interplanetary magnetic field was
dominated by a positive B (i.e. the northward component), and strahl electrons travelled in the anti-parallel direction to
the interplanetary magnetic field (i.e. southward), which enabled the strahl electrons to precipitate onto the nightside lunar
surface directly. The incident solar wind electrons cause negative charging of the nightside lunar surface, which generates
downward electric fields that accelerate electrons from the nightside surface toward higher altitudes along the magnetic field.
The bidirectional electron distribution is not a sufficient condition for the ESW excitation, and the distribution of upward
electron beams seems to be correlated with the ESW excitation. Ambipolar electric fields in the wake boundary should also
contribute to the electron acceleration toward higher altitudes and the further intrusion of the solar wind ions into the deeper
wake. We suggest that solar wind ion intrusion into the wake boundary is also an important factor that controls the excitation
of ESWs by facilitating the influx of solar wind electrons there.
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Energy density composition in the inner heliosheath affected by pickup ions
#Ken TsuboucH?
(I The University of Electro-Communications

The pressure equilibrium between the solar wind and the interstellar medium forms the heliosphere. Therefore, a precise
evaluation of the energy density on the solar wind side (inner heliosheath; IHS) is necessary to understand the outer structure
of the heliosphere, assuming the uniform interstellar environment. Recent observations by New Horizons estimated the
density of pickup ions (PUIs) in the termination shock to be approximately 25% of the solar wind plasma. Because of its
effectively high thermal energy, PUIs are the principal component in the pressure in the IHS. The presence of PUIs modifies
the Rankine-Hunoniot relation at the termination shock, consequently affecting the energy partitioning between the plasma
and the magnetic field in the downstream IHS. In this talk, | will present the results of hybrid simulations that contain
the actual scale in the radial dimension showing the self-consistent formation of the termination shock and the heliopause.
The effect of PUIs on the energy density composition in the IHS and the resultant variations in the IHS spatial scale are
quantitatively verified.
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EUV observation of neutral helium distribution in interplanetary space by Hisaki
#Atsushi Yamazaki,Go Murakamt),Kazuo Yoshiok& , Tomoki Kimura) ,Fuminori Tsuchiy® ,Hajime Kitef), Masaki Kuwabara,
Kei Masunag®,Masato Kagitar?, Takeshi Sakandt),Naoki Terad&!),Yasumasa Kasabd,Ichiro Yoshikawd?® ,Hisaki
(SPRINT-A)!

(1JAXA/ISAS,2ISAS/IAXA,3The Univ. of Tokyo(*Tokyo University of Scienc€ PPARC, Tohoku UnivtéTohtech,

("Rikkyo Univ.,8JAXA/ISAS,(°PPARC, Tohoku Univt!°PPARC, Tohoku Univ{}'Dept. Geophys., Grad. Sch. Sci., To-
hoku Univ.('2PPARC, Tohoku Univt!3The Univ. of Tokyo

Interstellar medium flows into the heliosphere due to relative motion of the heliosphere and interstellar medium as interstel-
lar wind. The main components of interstellar medium are neutral hydrogen and helium, and neutral perticles can penetrate
the heliosphere beyond the heliopause. Once 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, however, can penetrate deep near the sun,
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 orbits
of helium atoms show Keplerian motions because the term of radiation pressure can be negligible. As a result, dense regions
are formed on the downwind side of the interstellar wind. This is called a helium cone. The neutral 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 traditional 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 with the wavelength range including resonance
scattered light of helium atoms. Its main aim is to continuously observe magnetospheres and ionospheres of solar system
planets, such as Jupiter, Mars, and Venus. Observation of resonance scattered light from helium atoms in interplanetary
space is also carried out as an optional observation, when "Hisaki” passes through the helium cone between November and
December from 2015 to 2020.

The direction and speed of interstellar wind are estimated by comparing the observation results with the emission distribu-
tion calculated from the simple model of helium cone formation. As a result, it is confirmed that the direction and speed of
interstellar wind are consistent with previous observation results by other satellites, and that the direction of interstellar wind
is temporally stable.
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Simulation study on the roles of heliospheric boundaries in the behavior of galactic
cosmic rays

#Kotaro Yoshid&® ,Shuichi Matsukiy®2),Haruichi Washim®, Tohru Had&2)

(11GSES, Kyushu Uni\2ICSWSE, Kyushu Univ

Most of the galactic cosmic rays (GCRs) coming from interstellar space are prevented from entering the heliosphere. Only
a fraction of them can propagate deep inside the heliosphere and be observed on the Earth. The motion of a charged particle
in the heliosphere is quite complex because of the solar modulation effects. Our goals in this study are to understand how the
GCRs enter and reach deep inside the heliosphere and to determine the statistical behaviors of solar modulated GCRs at the
level of particle trajectory.

We perform three-dimensional test particle simulation using electromagnetic field data of the heliosphere reproduced by
an MHD simulation, which assumes that the solar magnetic field has positive polarity with zero tilt angle. Initially, a large
number of monoenergetic protons are distributed in interstellar space and injected in random direction to the interstellar
magnetic field.

In this presentation, we focus on the roles of heliospheric boundaries in particle orbit and statistics. For the particles with
y =10 ("10GeV), invading particles propagate in the region where the local magnetic field is weak, e.g., the heliopause and
the equatorial current sheet, wheyeis the Lorentz factor. Particles are hard to propagate upstream the termination shock
due to the supersonic outflow of the solar wind. Finally, a relatively large number of particles reach the high latitude inner
boundary (at 50 AU from the Sun). Particles with=1000 ("1TeV) level are almost insensitive to the small-scale structures
of the heliosphere because of their large-gyro radius. Hence, Particles easily come into and out from the heliosphere. Some
particles can resonate with the large-scale eddies in the tail region. Some other particles passing by the heliosphere are mirror
reflected by the bottleneck structure of interstellar magnetic field surrounding the heliosphere and return to the heliosphere.
The number of particles reaching the inner boundary is larger (smaller) at the tail (nose) side than average.

In the current simulation realistic effects such as the presence of MHD waves, the variation of magnetic polarity due to
the solar activity, finite tilt angle of the solar magnetic moment, are omitted. These effects are essential for more accurate
discussions and should be included in future works.
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Relation between whistler waves and electron acceleration efficiency at Earth’s

bow shock
#Miki Masudad), Takanobu Amand
(IDepartment of Earth and Planetary Science, Unit&usiversity of Tokyo

Non-thermal high-energy particles are frequently observed in space. Collisionless shock waves are one of the sources of
acceleration of these particles. In fact, non-thermal particles with a power-law energy spectrum have been observed around
collisionless shock waves in some events. However, how and when particle acceleration occurs at collisionless shock is not
yet fully understood. For example, the first-order Fermi acceleration is a promising candidate for the acceleration process of
particles with a power-law energy spectrum. In this mechanism, particles in the vicinity of the shock are trapped around the
shock due to pitch-angle scattering by MHD waves. However, low-energy electrons cannot resonate with MHD waves. Other
mechanisms are necessary to accelerate electrons to intermediate energies where the Fermi acceleration becomes efficient. Tc
solve this problem, Katou & Amano (2019) proposed stochastic shock drift acceleration. The cyclotron resonant scattering
with higher frequency waves plays an important role in this mechanism. The most promising candidate for the scatterer is
whistler waves, which have frequencies from 10% to 50% of the electron cyclotron frequency. In this study, we consider the
relation between whistler waves and electron acceleration in collisionless shock.

Oka et al. (2006) statistically investigated the relationship between the shock parameters and electron acceleration ef-
ficiency. They showed that the ratio between Alfven Mach number to the whistler critical Mach numbévl (v )
correlates very well with the electron acceleration efficiency. Note thaf;Mis defined with respect to the group velocity
of the whistler wave normal to the shock, which leads tg. M o< cos 6 g,. Oka et al. (2006) showed that harder energy
spectra were found only at supercritical shocks with respect to the whistler critical Mach nump@ (M*“>1). That
suggests that the whistler wave plays a significant role in electron acceleration, but the specific mechanism has not yet been
understood.

Katou & Amano (2019) and Amano et al. (2020) predicted that electron acceleration occurs only when the intensity of the
whistler wave exceeds a certain threshold which depends on frequency. This threshold is strongly depengéribp/bbs
6 g, ,and qualitatively consistent with Oka et al. (2006). However, since the wave intensity may generally vary with Mach
number orf g, more detailed investigation is necessary to confirm the theory.

The purpose of this study is to investigate the validity of this threshold statistically at Earth’'s bow shock. We use the data
of shock crossing events observed by Magnetospheric MultiScale (MMS) spacecraft in burst mode. First, we confirmed that
particles around the shock have a power-law energy spectrum. We integrate the data observed by Fast Plasma Investigation
(FPI) integrated over 1s and calculated the time variation of the spectral index by fitting. To investigate the changes in the
index between upstream and downstream we used the fast survey mode data as well. We also calculate the time variation
of the wave power spectrum in the frequency band of the whistler wave by using Search Coil Magnetometers (SCM) at a 1s
interval. Using these high time resolution data, we can resolve the internal structure of the shock. Based on the above data,
we will discuss the relation between the whistler wave intensity (both absolute and relative to the theoretical threshold) and
the electron acceleration efficiency.
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On stochastic models for the pitch angle scattering of charged particles in the so-

lar wind
#Yasuhiro Nariyukl)
(IFaculty of Education, Univ. Toyama

The Fokker-Planck (FP) equations have widely been used to describe scattering of charged particles in space plasma. Al-
though the quasi-linear theories (QLTs) give the diffusion coefficients through systematic coarse-graining of micro processes,
the assumptions in QLTs are usually too strict for the solar wind plasma/solar energetic particles. In this talk, from the
point of view of the stochastic processes, we discuss the generalization of diffusion models for the pitch angle scattering and
parallel diffusion of charged particles. For instance, the FP model with the isotropic pitch angle diffusion coefficient (e.g.,
Shalchi, 2009; Yoon et al, 2009) corresponds to a Wright-Fisher model (e.g., Dangerfield et al, 2012). We will also discuss
the relationship between the stochastic models and FP models of the cosmic ray transport with the adiabatic focusing (e.g.,
Litvinenko et al, 2013).
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