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Study of north-south anisotropy of galactic cosmic-rays using the muon detector

network (2)
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The north-south (NS) anisotropy in the galactic cosmic-ray (GCR) intensity within the 10 - 100 GeV energy range is
known to reverse its polarity in response to the interplanetary magnetic field (IMF) sector. This phenomenon represents the
diamagnetic drift of GCRs induced by their density gradient in the IMF. Based on this mechanism, we can estimate the den-
sity gradient and diffusion coefficient of GCRs, which are crucial for elucidating GCR propagation in the solar wind plasma.
However, the GCR anisotropy is as small as only 0.1% of the intensity, and the methods for its observation and analysis
are still in the developmental stage. We are developing a new analysis method for anisotropy that implements mathematical
approaches such as graph theory and Bayesian estimation, and demonstrating it by analyzing the NS anisotropy.

Muon detectors, which measure muons as the main component of cosmic rays on the ground, feature high sensitivity to
anisotropy but have suffered from perturbations by the atmospheric temperature variation. This research introduces a correc-
tion method using meteorological reanalysis data, allowing us to combine different-site observation data directly free from
local atmospheric effects.

To optimize the combination of directional channels in network observations for the NS anisotropy analysis, we introduce
the general graph matching of graph theory. Furthermore, while traditional methods supposed an analytical function such
as a power-law rigidity spectrum to derive space anisotropy from ground-based observations, this study employs Bayesian
estimation with the Gaussian process as a prior probability distribution. It allows for deriving the rigidity spectrum of the
anisotropy without assuming an analytical function. By applying these approaches to observation data over two solar cycles
by Nagoya and Hobart muon detectors, we reveal year-to-year variations in the GCR density gradient, diffusion coefficient,
and their rigidity dependencies.
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Global analysis of the cosmic-ray rigidity spectrum during extended Forbush de-
creases and its implication
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We present the global analysis of two extended decreases of the galactic cosmic ray intensity observed by world-wide
networks of ground-based detectors in 2012. This analysis is capable of separately deriving the cosmic ray density (or omni-
directional intensity) and anisotropy each as a function of time and rigidity. A simple diffusion model along the spiral field
line between Earth and a cosmic-ray barrier indicates the long duration of these events resulting from about 190 degree east-
ern extension of a barrier such as an IP-shock followed by the sheath region and/or the corotating interaction region (CIR).
It is suggested that the coronal mass ejection merging and compressing the preexisting CIR at its flank can produce such the
extended barrier. The derived rigidity spectra of the density and anisotropy both vary in time during each event period. In
particular we find that the temporal feature of the “phantom Forbush decrease” reported in an analyzed period is dependent on
rigidity, looking quite different at different rigidities. From these rigidity spectra of the density and anisotropy, we derive the
rigidity spectrum of the average parallel mean-free-path of pitch angle scattering along the spiral field line and infer the power
spectrum of the magnetic fluctuation and its temporal variation. Possible physical cause of the strong rigidity dependence of
the “phantom Forbush decrease” is also discussed. These results demonstrate the high-energy cosmic rays observed at Earth
responding to remote space weather.
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Study of the spatio-temporal evolution of the ICME in 2022/3, approached by the
multi-point observation of Forbush Decreases
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The large gravitational potential difference between the Sun and Earth and the harsh environment near the Sun have made
it challenging to deploy spacecraft into the inner solar system. Consequently, a few multi-point in-situ observations have
been necessary to track Interplanetary Coronal Mass Ejection (ICME) structure and magnetic field changes. However, recent
advancements in orbital engineering have allowed multiple spacecraft to be deployed in the inner heliosphere simultaneously,
providing valuable opportunities to study solar ejecta evolution (Hadid et al., 2021).

When an ICME passes through a spacecraft, it causes a "Forbush Decrease (FD)” (Forbush, 1937), which ICME shields
the background galactic cosmic rays. The FD can be observed with simple particle detectors, and its amplitude and recovery
time provide crucial information about ICMEs. However, most of the previous FD studies have relied on terrestrial neutron
monitors (JLF von Forstner et al., 2021), so FDs acquired by spacecraft are essential for broad comparison. This study aims
to infer ICME properties from by investigating the correspondence between FD multipoint observations and transient [ICME
structure.

We focus on multipoint ICME observations by BepiColombo, Solar Orbiter, and Lunar Reconnaissance Orbiter (LRO)
from March 10-16, 2022. BepiColombo and Solar Orbiter were located at nearly the same solar distance but about 40 degrees
apart in azimuth. At the same time, LRO and Solar Orbiter were almost radially aligned and 0.6 AU apart, making them ideal
for studying the large-scale structure of a single ICME. Using high-energy particle observation data, we extracted FD with
the calibration methods (e.g., Kinoshita et al., submitted to JGR). We compared it with in-situ magnetic field, particle density,
and spacecraft positions in the ICME model. We succeeded in observing the distribution of magnetic cloud and shock sheath
in the azimuthal direction of the ICME and the different contributions of each structure to the FD profile.

With the solar activity peak predicted for 2025, multipoint observation data are accumulating. By leveraging FD obser-
vation’s low entry barrier and applying this study’s method to other events, we aim to collect statistically significant FD
comparisons to understand ICME propagation and improve arrival predictions.
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A New Scheme of GS Equation-Based Analysis for Expanding Interplanetary
Flux Ropes
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This is an attempt to extend the applicability of an analysis method of interplanetary magnetic flux ropes (IFRs) based on
Grad-Shafranov (GS) equation so that the IFR structure can be reconstructed for the cases of expanding IFRs. The point is
to estimate the expansion rate of the observed IFR, and to perform the GS reconstruction procedures after eliminating the
effects of expansion from the observational data. An example of analysis with this new scheme is shown in the Figure. The
analyzed IFR is the 15 July 2000 event. The observational data exhibits strong anti-symmetric behaviors in the magnetic
field and velocity variations. Our analysis gives the expansion rate of 1/23 (the size becomes two times in 23 hours). With
this expansion in mind, the structure was calculated for the time of the first contact of the spacecraft with this IFR. The
left figure indicates that the Pt (pressure) vs A (vector potential) relation in the inbound pass and that in the outbound pass
coincides with each other. The right figure shows the distribution of Bz (magnetic field component parallel to the axis) in the
cross-sectional plane. A very important point is that the structure itself is symmetric at the time of the first contact (actually
the symmetry is maintained afterwards), while the observational data shows a strong asymmetry.
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Figure. (Left): Pt (pressure) vs A (vector potential) obtained for the 15-July-2000 flux rope with the best fitted
axis direction. Pt-A in the inbound and outbound portions of the spacecraft pass are completely
coincident.

Figure. (Right): Magnetic field Bz (axial component) distribution in the cross-sectional plane.
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Development of the phased array antenna system for next generation solar wind
observation system
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A radio wave of astronomical object can be scattered by plasma disturbances in solar wind flowing through interplanetary
space. This phenomenon is called interplanetary scintillation (IPS). Nagoya University has analyzed solar wind and coronal
mass ejections (CMEs) by observing IPS of astronomical radio sources at an observation frequency of 327 == 10MHz. Large
radio telescopes uniquely developed by the university and installed at three locations in Japan. The obtained data can predict
the arrival of solar wind and CMEs to the earth. Hence it is important role in forecasting space weather. In recent years, it
has become clear that increasing the number of observations is necessary to provide more accurate space weather forecasts.

Therefore, we are developing a large-scale flat phased array with digital beamforming that can simultaneously synthesize
up to eight beams. This observation system enables observations 10 times greater than that the of existing instruments (the
number of objects is 1,000). As for the antenna system concept, 1024 sets of subarrays will be laid out on a metal reflector.
Its subarray consists of 16 dipole antennas arranged at half-wavelength intervals on a straight line.

In this study, we will develop a subarray that satisfies a beam size of 110° X 7° and has impedance matching at the
observed frequency. To estimate the beam size, we ran the simulation on the electromagnetic simulator HFSS. Within the
simulation, a dipole antenna of the same size as the prototype dipole antenna and a metal reflector were placed at distances
of 10, 20, 30, 40, and 50 cm calculate the beam size. As the result, the maximum beam size of 90° was obtained at 30
cm. Since this does not satisfy the desired beam size, modifications are needed, such as adjusting the length of the antenna
elements. To investigate the effect of mutual coupling between antenna elements, we placed prototype dipole antennas 3 x 3 at
half-wavelength intervals, measured the S11 (reflection coefficient) of the central antenna, and evaluated it in terms of power
transmission loss ratio. From the experiment, it was confirmed that the power transmission loss ratio at the well-matched
frequency was more than 99% for both the single element and the 3 x 3 arrangement, and no change was observed. But the
well-matched frequency shifted to the higher frequency side by approximately SMHz. This shift to the high-frequency side
was also confirmed by the measurement results of different array patterns. Therefore, we consider that it is essential to design
antennas that take this result into account. As a perspective, we plan to conduct similar experiments with a modified antenna
that is better matched at 327MHz and evaluate its power transmission loss rate.
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Development of the Analog Signal Receiver System for the Next-generation Solar
Wind Observation System
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The solar system is filled with solar wind, which is a supersonic plasma flow blowing from the Sun. The solar wind can be
observed by using interplanetary spatial scintillation, a phenomenon in which the solar wind plasma along the line of sight
scatters radio waves from radio sources. We have observed the interplanetary scintillation with a radio observation system
including a 4,000 m? radio telescope at a frequency of 327 MHz, and have analyzed the solar wind. We are now developing
a next-generation solar wind observation system equipped with 2D phased array and digital beamformer systems. The next
generation observation system will have the capability to generate solar wind velocity and density data approximately 10
times greater than the existing system and be expected to improve an accuracy of the space weather forecasting systems.

In this study, we are developing an analog receiver system for the next-generation observation system. The objective is
to achieve high gain and noise performance for a sub-array consisting of 16 dipole antennas, assuming that the observation
target is a weak radio source of 1 Jy or less. The three required functions of the receiver system are: 1.) combining the
received signals from the 16 dipole antennas, 2.) amplifying the combined signal to the minimum required power by the
digital backend, and 3.) bandpass filtering in the required frequency band.

We have made a level diagram of the receiver chain and studied the gain and noise figure of the entire receiver system. For
the input noise, we have estimated the antenna noise temperature by convolving the sky model “pyGDSM-GSM2016” with
the antenna pattern calculated by the electromagnetic simulator HFSS. For the signal power combiner, we have developed a
16-port combiner that can combine 16 signals at once with an input loss of 0.51 dB, and have evaluated its performance.

From the level diagram including the results of these evaluation measurements and simulations, we have determined the
specifications for an amplification system. It consists of two stages: a low-noise amplifier with 30 dB gain and 0.8 dB noise
figure, and an amplifier with 40 dB gain. It was also found that the coaxial cable between the antenna and the combiner had
a large insertion loss of 1.32 dB. Replacing this cable with a 0.3 dB low-noise cable is expected to decrease the system noise
temperature by 70 K or less. These specifications will achieve a gain performance that meets the minimum power requirement
of the digital backend and a noise performance that can receive 1 Jy or less radio signals. As a perspective, we plan to prepare
a prototype amplification system that meets the specifications and perform evaluation measurements of the gain and noise
figure for the entire receiver system.
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Development of a digital multi-beamformer for a next-generation solar wind ob-
servation system
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Interplanetary scintillation (IPS) is a radio scattering phenomenon generated by the disturbances in the solar wind. Institute
for Space — Earth Environmental Research (ISEE), Nagoya University has detected disturbances of the solar wind efficiently
by using IPS observation system composed of 3 cylindrical parabolic antennas at 327 MHz. ISEE has been developing a next
generation solar wind observation system (ngSW) which can generate approximately 10 times more solar wind speed data
compared to the conventional observation systems. The ngSW is composed of 2D flat phased-array system, and installing
digital multi beam forming devices which has 4 beam and 8 beam mode. This digital device has 1,024 analog inputs, and
digitize input signals with 12 bits. As a phase-1 project, a 64 channel digital backend (64 ch system), which is part of this
system, has already been developed.

In this study evaluation tests of the 64 ch system were executed in the laboratory. We used a white noise with 10 MHz
bandwidth as a test signal. In this evaluation tests, the dynamic range, the digital filter characteristics, the grating lobes by
numerically changing the antenna configuration and spacing, and the Allan variance were measured. The results show that
dynamic range is about 60 dB. This is about 83% of the theoretical value of 12 bit ADC which is 72 dB. On the software side,
grating lobes were reconstructed as expected, and this mean that the program for beamforming implemented on the FPGA
works appropriately. In the test of the digital filter, the results show that the side lobe level of the 8 beam approximately 20
dB higher than that of the 4 beam mode. In the Allan Variance measurement, different behaviors were observed in each beam
mode. The duration of the Allan variance for white noise in the 8 beam was approximately 448 seconds, whereas in the 4
beam it was approximately 110 seconds.

We found several issues to be overcome such as the instability of the AD conversion module and connection between
digital device and control PC. There is a large variation in the packet drop rate. To ensure stable operation of the ngSW, it
would be suggested that the operational maintainability is dramatically improved by implementing an Al that detects internal
abnormalities from the output data.
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NNy 7L R (64ch R) ZHEFATDH 5,
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D 450 TR o 7=2DITH L, 4 E—LAF— FTEN 110 B THR/NE R o7,
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Relationship between the plasma upflow observed at the edge of the active region

and the solar wind
#Keita Morishima®), Kazumasa Iwail), Ken’ichi Fujikil)
(nstitute for Space-Earth Environmental Research, Nagoya University

Solar wind is a supersonic plasma flow blowing from the Sun and is basically classified into the fast solar wind (>500
km/s) and the slow solar wind (<500 km/s). The main source region of the fast solar wind is relatively well understood as
coronal holes in the polar regions. On the other hand, the source region of the slow solar wind has not been fully understood
(e.g., L. Abbo et al., 2016). From previous studies, plasma upflows (upflows) observed at the edge of active region have been
considered as one of the possible candidates of the source region of the slow solar wind. However, there are only a few cases
in which the upflows have been identified as the source region of the slow solar wind based on in situ observations (e.g., D.
Baker et al., 2023). The acceleration mechanism of the solar wind is also not fully understood. (e.g., S.R. Cranmer et al.,
2017). Therefore, in this study, the following analyses were conducted to 1) verify whether upflows can be a source region of
the slow solar wind and 2) understand the acceleration mechanism of the solar wind connected to the upflows.

For objective 1, we analyzed 50 data sets consisting of observations by the Extreme Ultraviolet Imaging Spectrometer
(EIS) onboard the Hinode satellite, the Potential Field Source Surface (PFSS) model, and interplanetary scintillation (IPS)
observations at 327 MHz by ISEE, Nagoya University. We extracted upflows using Doppler velocities calculated from Fe
XIII (202.04 A) emission lines. The analysis suggests that 32/50 upflows were connected to the interplanetary space via
magnetic field lines calculated by the PFSS model. Furthermore, 24/32 of these upflows were found to be connected to the
slow solar wind. This result suggests that some of the upflows could be the source region of the slow solar wind.

For objective 2, we compared the solar wind velocity model (Suzuki, 2006), which considers Alfvén wave dissipation,
with the velocity of the solar wind connected to the upflows. Suzuki, 2006 suggested that for solar winds originating from
coronal holes, the solar wind speeds obtained from IPS observations have a dependence on B / f and are generally within
the range given by the parameters of a typical corona. Where B is the magnitude of the photospheric magnetic field and
f is the expansion factor of the magnetic field lines. Therefore, we investigate the dependence of the solar wind speeds
connected to the upflows on B / f. The result of our analysis suggests that the solar wind connected to the upflows were
classified into those with a dependence on B / f (8/32) and those with a dependence completely different from that of the
model (24/32). Dependencies that are quite different from the model suggest that the solar wind acceleration mechanism may
not be dominated by the Alfvén wave or by B / f. Therefore, we focused on the non-thermal velocities obtained from EIS
observations to investigate the difference between the two. Here, non-thermal velocities are due to waves, turbulence, etc.
on a spatio-temporal scale that cannot be resolved by observation. We compared the non-thermal velocities calculated from
Fe XIII (202.04 A) emission line. The analysis did not suggest any significant differences between the two. These results
suggest that the solar wind connected to the upflows should be considered as acceleration mechanisms other than Alfvén
wave dissipation.

KIGEUZ K2 5 E S EEED 77 A<M TH D mEKEE (>500 km/s) & EHKRJE (<500 km/s) 12 KHE 1
%, BEEKIGEOELTFIIESO 20 F R —1THh 3 & U THIRNEEIEA TWE—5 T, KEKEEOFRIFIEARS
WX TwRW (e.g., L. Abbo et al., 2016) . FofTHEZEA &, EEIEBOEH CHHIEN 2 77 X~ D LA (upflow)
PEERGEOTRFED—2 L LTHEHRIATWE D, ZDEEHIZ S upflow MEERBEDOTHIEY L THE s
FIIBE 5 TW3 (e.g., Baker et al., 2023) . F7z. KEGE D IR D RICHMBE XN TV (e.g., R. Cranmer et al.,
2017) o % ZCARIFETIE. 1) upflow 2MEHEKGEDOTRIRE D182 05T 2 Z &, 2) upflow 2R L T2 KB
BEOMEMEHELER T2 2 ZHE L TN E1T - 72,

F$HM 112D\ T, Hinode 2 ICHEE X M TV 2 MIHEIMRIREG D YEEE (BIS) WS X 28, K7 > > v VEBER
JEIE (PFSS) E7 /L, B XU BEREFHIMIREREI AT X % 327 MHz TORE/MZE/M > v F 1L —> a >~ (IPS) #
MBS 5550 DF =&ty b 2T L7z, A lE, Fe XI1(202.04 A) BRLOHEINE Ry 77 —HEERHWT
upflow ZHiH U7z MEHTDFER. PESS E 7V TaIE SN BESIHETIX 32/50 D upflow HIEKE M Z2 AL L Tz,
T HIT, ZDOHIT 24/32 @ upflow HMEEKGEANEE T 2 Z e AHL 2 e RoTz, ZORRIEX. —H D upflow HMRHEK
PR DTIFEICRDIG2 Z e 2R LT\ 5,

FWTHM 212200\ T, Alfvén RO HGR T B B L 7= KFGEHE € 7V (Suzuki, 2006) & . upflow % Jili & 3 2 KFEHE
DM F P U7z, Suzuki, 2006 Tlda v >R —2HRIEE T2 KBEIICOWT, IPS Bl CE 51 2 KIGEGEED B/
fIc L TiRIEREZ DS, AR IR FDORI XX TEX SN 2HANIHREENE Z 2 RBINTWS, 22
T, BB R E X, 3B IROIERRTH S, Z 2T, AFETIX upflow 23 32 KIGEHEED B/ 12



W5 BT R TR, BT ORER, upflow 2TIE L RE X7z 32 DRBGEIE. B/ ISR L THREFEEEZ D Db D (8/32)
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HEEERE IS B W T Alfvén IS KEL X LR WATREMES B / £ IS KB LR WATRES 2/ RIB L CTW53 . Z ZC. EIS O#iHl
PORONDIEANEEICER L, W& DBVWEENZ, Z 2T, JFRTEE BN TOMAMTRE R R/ 2 7 — L D
BIRELARSICGER T2 e Z 20T W5, 4D Fe XI(202.04 A) BHGEOBIHID & 318 X 2 JEERHEE % Hlg U 724G
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Solar wind modeling based on Alfven waves and interchange reconnection
#Munehito Shoda®)
(IDepartment of Earth and Planetary Science, School of Science, The University of Tokyo

Observations from Parker Solar Probe (PSP) and Solar Orbiter (SolO) have significantly deepened our understanding of
the solar wind. In response to these observations, numerical models of the solar wind have steadily advanced, and recently,
solar wind speed predictions based on physical models have become possible. Nearly all of these practical solar wind
models, despite varying degrees of accuracy, are designed based on the scenario of solar wind acceleration by Alfvén waves.
However, recent PSP observations and numerical simulations have emphasized the importance of the effects of interchange
reconnection, raising questions about the validity of the Alfvén wave scenario. There is a growing need for quantitative
verification of which regions of the Sun can be adequately described by Alfvén wave models and what corrections are needed
to incorporate the effects of interchange reconnection.

In this study, we construct a model that adds correction terms for interchange reconnection to existing Alfvén wave
models and evaluated its validity. For simplicity, the effect of interchange reconnection is incorporated as heating in the
corona, adopting a formulation proposed based on observations for the heating rate. We conduct a wide-ranging parameter
survey and derived scaling laws for the mass-loss rate. These scaling laws not only explained solar observations well but
also aligned with stellar observations. The results of this study suggest that while the effects of interchange reconnection can
be neglected in regions with relatively weak coronal magnetic fields, such as coronal holes, their inclusion is essential for
outflows from active regions and stellar winds from active stars.

Parker Solar Probe (PSP) % Solar Orbiter (SolO) OEHIAIRIZ & D T4 DKIGEANDHRIIAEEICIHEE > TET N5,
ZNoDOMRICEoEOHN D X D ICKIGEDEIEE 7 EE KL RFTE D, A TRYEE 7LV E 72 KGR
HETHDITONE LR TETVS, 20X RERANKBEET VIZFET (BEIGEVWIZHN) 7TAX—
VI X BZRBEIES F U FICH DO THRFFTEINT WS, L2 LD SIAFED PSP HEIR KREBEY I 21— 3
VTR axr e a YOMBEPEERINTED, TAR— VIS F VU ADZYMEMREMEEIATVWS, KEOY
DI 6 7 NR—VFEET LT HRRRATRER A, ) a7 a YORMBEIRD ANBIIZED &S RfiE%:
MZBRELDDH, ZDOEEMMHRIEL KD SHLTWVWB,

Z ZTAMATIEEFED 7 AR=VIRET I LR ) a7 > a Y OMIEHEZMA T ETVEHEL, Z0%
LYPEERGEE L, fH O, Y ax 2y a Y ORIZan FHTOMBAL WS ETERD At MNESRIZEIHI 5
BERINFZENMEERA L, BIEWL Y ITRI A =R —RA BTV, BEERRIINTZ 27— Y ZHIZEH
Lize ZORT—1 Y ZHNIKGEIZ X BT 2723 TR, HEBH L AN TH 72, AWIFFERIZ, anF
AL D X S % an FREGSERIIT VR TIIIE Y a X 2 ¥ a Y ORISR T = 25, IEEIEED 5 OB
EEHNRE»SOEERTERHBA ) a7 a Y ORY ANBPKERAIRTHZ Z L 2RmBT 5,
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Radio occultation observations of the solar corona by Akatsuki spacecraft from
Cycle 24 to 25

#Shota Chibal), Takeshi Imamura?

(nstitute for Space and Earth Environmental Research, Nagoya University, (?Graduate School of Frontier Sciences, The
University of Tokyo

The solar wind is a supersonic plasma flow streamed from the solar corona. Solar wind acceleration mainly occurs in the
outer corona at heliocentric distances of about 2-10 Rs (= solar radii), where the coronal heating by magnetohydrodynamic
waves and the wave-induced magnetic pressure are thought to play significant roles in the acceleration. Although evidences
of Alfvén waves in the chromosphere and the lower corona have been reported from optical observations (e.g., De Pontieu+
2007), reliable information of the magnetic field associated with Alfvén waves in the acceleration region is still absent. Ra-
dio occultation observations have been conducted in numerous planetary missions to explore the solar corona. In particular,
they provide crucial information on the low to mid-corona, which is poorly explored by in situ and even by remote sensing
techniques.

The JAXA’s Venus orbiter Akatsuki has also conducted the radio occultation of the solar corona during its superior con-
junctions, even though the Radio Science (RS) experiment by Akatsuki aims to determine the vertical structure of the Venus
atmosphere (Imamura et al., 2011). Akatsuki’s RS experiments utilized the X-band (8.4 GHz) downlink signals transmitted
by the onboard Ultra Stable Oscillator (USO). Akatsuki’s observations cover the acceleration region at various phases of the
solar activity cycle from the solar maximum to the minimum. The Doppler data, for example, represents the irregularities of
the plasma density, and Akatsuki’s observations detected Quasi-periodic density fluctuations in solar winds (Miyamoto et al.,
2014; Chiba et al., 2022).

Here, we summarize the results obtained from the Akatsuki’s coronal observations.
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On cross-helicity dependence of fluid particle diffusion in shear Alfvenic turbu-
lence

#Yasuhiro Nariyuki®)

(IFaculty of Education, University of Toyama

It is well known that the cross-helicity of solar wind magnetohydrodynamic turbulence has radial dependence, while its
influence on the other statistical characteristics of turbulence has not been fully understood. In this presentation, we discuss
the diffusion of fluid particles in the synthetic shear Alfvenic turbulence by using the kinematic simulation [e.g., Kraichnan,
1970; Fung+Vassilicos, 1998]. While the mean square displacement of fluid particles just shows clear scaling laws by Taylor
[Taylor, 1921; Bian+Li, 2024] in uni-directional , quasi-two dimensional limit, the existence of counter-propagating waves
can affect such a characteristic of diffusion. The influence of cross-helicity and wave-number spectra on the fluid particle
diffusion will be discussed in detail.
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Machine learning clustering of galactic cosmic ray trajectories in the heliosphere
#Kotaro Yoshida'), Shuichi Matsukiyo®*), Fumiko Otsuka®, Tohru Hada®)

(Unterdisciplinary Graduate School of Engineering Sciences, Kyushu University, (?Faculty of Engineering Sciences, Kyushu
University, ®Department of Advanced Environmental Science and Engineering, Faculty of Engineering Sciences, (*Kyushu
University, International Research Center for Space and Planetary Environmental Science

Galactic cosmic rays (GCRs), coming from interstellar space, propagate deep inside the heliosphere and reach the Earth.
Their motion in the heliosphere becomes very complicated due to solar modulation. Our study aims to understand how the
GCRs enter and reach deep inside the heliosphere at the level of particle trajectory, and to clarify the role of the heliospheric
structure contributing to solar modulation.

In our research, we conduct test particle simulation using the electromagnetic field data of the steady heliosphere repro-
duced by global MHD simulation to investigate the behaviors of GCRs entering the heliosphere and propagating deep inside
it. We analyze particle trajectories and particle statistics of GCRs with energies from “10 GeV to "1 TeV that reached the
inner boundary defined at 50 AU from the sun. We previously reported the results of particle statistics obtained from the
large-scale test particle simulations using 10 billion particles. It was found that particles with an initial Lorentz factor of y
=10 (about 10 GeV) reach the mid-to-high latitudes of the inner boundary, while particles with y=1000 (about 1 T eV) are
mainly distributed in the tail region of the inner boundary, causing strong anisotropy in their arrival distribution.

In order to clarify the role of the heliospheric structure, it is necessary to quantitatively evaluate the relationship between
particle trajectories and particle statistics. However, the particle trajectories within the heliosphere are highly complex and
difficult to extract their characteristics. Additionally, there is a need to process large trajectory datasets, making it challenging
to identify the patterns of trajectory that significantly contribute to particle statistics. In this study, machine learning tech-
niques are employed to tackle this challenge (S. Markidis., et al, 2020). Here, Principal Component Analysis and k-means
clustering are applied to the trajectory datasets, enabling to cluster a large number of particle trajectories reaching the inner
boundary at 50 AU. The trajectories of statistically important particles are then identified and analyzed. We report the details
of the clustering method and its analysis results.

B WZER B & KIGEAEA U2 SRIMFHifid. KIGERE DB X bl THEMES 25 L Tk oz s
%, AHFFED BINZ. BAFHEDPKGEAN LY D L S5 IHEA LHBRICEGEST 200, W FHUEL L THEHEL, FHED
KIGZEFNCHFS T 2 KGEBEDREAZHL2ICTE I TH B,

& DML TIE, Zv— UL MHD IR THREI W EERKGEOEBMSG T — X2V 7 2 MR TEHEZEH L.
MHD EHEDOAfIES 50AU 1I2EE L7z 10GeV~1TeV DIRFIFHICE LT, NF#HE L HEF2HEL T3, FEFED
Aty a Tk, B 100 EEOKEE T 2 MR FHEEZFEEL T LN FHEFORRICOVWTHE Lz, ¥
ov—L Y RHT y =100} 10GeV) OEGEN T2 AHER O EBEICEET 2 2, y=10000( 1T eV) OEER T
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etal, 2020), AFETIE, HBEDT— Xty MWL TERT DN E k-means FEZEH T2 2 ik b, ZEOR T
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Periodic Solar Wind Structure Over Half A Century

#Kenichi Fujiki'), Kazumasa Iwai®), Keita Morishima®)
(nstitute for Space-Earth Environmental Research

When observing distant (small angular size) radio sources, fluctuations in radio intensity occur due to radio wave scattering
caused by the solar wind plasma. This phenomenon, known as interplanetary scintillation (IPS), contains information about
the velocity and electron density fluctuations of the solar wind plasma, making it a valuable tool for remote sensing of the
solar wind.

At Nagoya University, the construction of antennas for IPS observation began in the late 1960s, and in 1973, a multi-
station IPS observation system operating at a frequency of 70 MHz (located in Toyokawa, Fuji, and Sugadaira) started
regular observations. Although the observations at that time were limited to a small number of radio sources, the advantage
of multi-site observations allowed for the determination of solar wind velocity. The data obtained during that period have
been integrated with the data from the University of California, San Diego (UCSD), which conducted similar multi-station
IPS observations, and are now available through the Institute for Space-Earth Environmental Research (ISEE) at Nagoya
University.

Currently, by performing tomographic analysis of IPS observation data, we have successfully reduced the line-of-sight
(LOS) integration effect, a limitation of IPS observations, and have derived the global velocity distribution of the solar
wind. This analysis enables the reconstruction of the solar wind structure in quiet periods (i.e., co-rotating structures). For
tomographic analysis to be effective, sufficient overlap of LOSs is necessary, and through the integration of data from Nagoya
University and UCSD, we have successfully reconstructed the solar wind structure, even though it is almost confined to the
northern hemisphere and limited to certain periods. Nevertheless, by plotting the long-term variation of the latitudinal solar
wind structure, a clear dependence on the solar cycle was confirmed.  Also, these results are smoothly connected to the
results of 327 MHz IPS observations from the 1980s onwards.

In this presentation, we will report on the variations in the large-scale structure of the solar wind over the past half-century,
including the newly conducted reconstruction of the solar wind structure during the 70 MHz era. Additionally, we will discuss
the distribution of solar wind sources on the photosphere, which we have identified through Potential Field Source Surface
(PFSS) analysis using photospheric magnetic field observations from the Kitt Peak Solar Observatory, which began in 1975.

EmHD RERO/NXV) BEREEBHT2 . KGR 77 X2 X 3EL CEBIFEREOEHNEL 5, ZDHRIX
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HERBRBERTSZAF (ISEE) IS TAB XA TW3,
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Motion of the source region of the type-II solar radio burst in HF frequency range
#Naoto Kinno!), Yuto Katoh), Atsushi Kumamoto?!), Kazumasa Iwai2

(IDepartment of Geophysics, Graduate School of Science, Tohoku University, (Institute for Space-Earth Environmental
Research, Nagoya University

Coronal Mass Ejections (CMEs) are phenomena ejecting large plasma masses into interplanetary space due to eruptive
activities. Type II solar radio bursts (SRB II) are non-thermal emissions generated by energetic electrons produced by shock
waves in front of CMEs. Since the emission frequency of SRB II is determined by the local plasma frequency, the speed of
CME:s can be estimated from the frequency drift of SRB II by referring to the coronal plasma density model. Since CNEs
have a significant impact on the space environment around the Earth, accurate prediction of the speed and the height of CMEs
using the frequency-time variation of SRBs is the key to preventing space disasters.

In this study, we used the HF-band monitor [15-40 MHz; Kumamoto+. 2011] operated by Tohoku Univ. at the litate
observatory in Fukushima prefecture. We analyzed the SRB II event observed on June 13, 2022, associated with a CME
observed at 03:12 UT. The fundamental and harmonic lanes appeared in the spectra from 03:25 to 03:34 UT, and the frequency
drift rate changed from -7.5 x 10™-3 MHz/s to -1.18 x 10"-2 MHz/s around 03:29 UT. The source speed between 03:26:10
and 03:28:00 UT was estimated to be about 200 km/s from the Baumbach-Allen model [Baumbach, 1938; Allen, 1947], and
about 295 km/s from the 10-fold version of that model, in good agreement with 195 km/s estimated form SOHO/LASCO
C2 images (03:24-03:36 UT). On the other hand, the estimated speed using the same density models was increased to 354-
522 km/s during 03:28:20-03:34:20 UT. Although the acceleration of CME could explain this result, we need to consider
the acceleration mechanism capable of explaining the time scale of the change of the drift rate. Another possibility is the
propagation of the CME across two different density regions. Assuming that the CME moved at a constant speed during the
event, we estimated that the observed spectra could be explained by a CME moving at 247 km/s from a region whose density
is the 2.82-fold Baumbach-Allen model to a region whose spatial density gradient is different from those of the adjacent
region. The spatial variations of the density gradient or magnetic field structure related to the presence of a corona hole near
the CME may support this hypothesis.

anFEERMH (CME) 1. KIGRETOEINCE > TRER TS XAvORPREMEMICHEEINIBHRTH 2, 1T
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T, BRIENZZEFEBRY 7 b — FOEFHEFHIFTE 2 Z AR E NIz, CME OFAEEIFICaa FR— LT
ELTWEZeS, anFR—LICHR T2 HBERSEE-IIMSHEEEE LT, ZORMOZYEEMEET 5,



R007-P04
RXZ—2 111/25 AMUAM2 (9:00-12:00)

AR5 - RETBRFARLEET 1—F 22T LD
L B D, =% IR D, LR g D, b 7T ), R D
O Sk - B - 30 75 Xe KA > % —, @ JUTERY, C itk

Development of a wideband feed system for the solar and planetary radio tele-
scope in Tohoku University

#Yoji Kuwayama'), Hiroaki Misawa'), Fuminori Tsuchiya'), Hajime Kita?), Hideki Ujihara®)

(lPlanetary Plasma and Atmospheric Research Center, Graduate School of Science, Tohoku Univeristy, (2Tohoku Institute of
Technology, ®Ritsumeikan University

Planetary Plasma and Atmospheric Research Center, Tohoku University has been operatingthe litate Planetary Radio Tele-
scope (IPRT) with a physical aperture area of over 1000m?since 2001, and is now developing a new feed system to achieve
higher sensitivity in a wider bandwidth. The current IPRT has a narrow-band system centered on 325 MHz (& 650 MHz:under
development) for high-sensitivity observations and a broadband system targeting the 100-500 MHz band for solar radio spec-
trum observations independently, but the latter has an aperture efficiency of 20% or higher and a practical bandwidth of 200
MHz. However, the latter system’s practical bandwidth of more than 20% aperture efficiency is less than 200MHz, which is a
weak point in terms of sensitivity for observing general astronomical objects and understanding characteristics of solar radio
bursts appearing with a wide bandwidth. With the recent renewal and development of large radio instruments (e.g., t GMRT
and SKA), it has become important to improve the efficiency of broadband feeds in order to further promote low-frequency
VLBI observations. Therefore we have started to develop a new feed system for the 100-700 MHz band, aiming at higher
efficiency by integrating feeds for high-sensitivity and broadband observations.

We have been conducted the design study using the electromagnetic field analysis software FEKO for a self-complementary
4-arm sinuous antenna as a model case (c.f. de Villiers, 2017), which has been reported as a feed for the SKA-MID band-1.
Our tentative target is 60% or more aperture efficiency in the 325 & 650 MHz band, and 40% or more in the 100-700 MHz
band. Considering the rectangular parabola shape of the IPRT and the ease of fabrication, we adopted pyramidal sinuous
antenna. A solution with an expected aperture efficiency of more than 50% has been found for all frequency bands. On
the other hand, the compatibility of the impedance characteristics with the beam characteristics that match the rectangular
parabola is a next issue to be improved.

Currently, we are working on characterization of the 1/4-scale model based on actual measurements and identification of
issues for practical application aiming for realization in FY2025. In this presentation, we introduce details of the design of
the wideband feed system and evaluation measurements using the 1/4-scale model.
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Polytropic characteristics around the termination shock
#Ken Tsubouchi®)
(IThe University of Electro-Communications

The magnetohydrodynamic description of the behavior of solar wind plasmas primarily assumes a polytropic nature be-
tween pressure and density. Proper evaluation of the polytropic index is crucial for understanding the thermodynamic prop-
erties of the plasma. Since the solar wind can generally be considered adiabatic as it propagates through space, a polytropic
index of 5/3 is frequently applied, such as in calculating the Rankine-Hugoniot relations for shock waves. However, this is
not always evident in observations. In the outer heliosphere, the contribution of pickup ions (PUISs) to energy density becomes
dominant, leading to cases where the index deviates from 5/3. The presence of PUIs significantly affects the thermodynamic
properties of the plasma in terms of additional heating due to the excitation of plasma instabilities and energy redistribution
at the termination shock. We quantitatively evaluate this influence using a polytropic index derived from hybrid simulations
about the termination shock in this study. We aim to verify the unique polytropic characteristics specific to the heliospheric
boundary region, where particular attention is paid to its correlation with the PUI density by applying the different indices
between the solar wind and PUI, as well as between the upstream and downstream.



	R007-01
	R007-02
	R007-03
	R007-04
	R007-05
	R007-06
	R007-07
	R007-08
	R007-09
	R007-10
	R007-11
	R007-P01
	R007-P02
	R007-P03
	R007-P04
	R007-P05

