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Development Status of the Next-Generation Solar Wind Observation System and
Its Application to Solar Wind Studies

#Kazumasa Iwai'), Ken’ichi FUJIKIY

(1ISEE, Nagoya University

Coronal mass ejections (CMEs) and high-speed solar wind streams released from the Sun cause significant disturbances in
the near-Earth space environment. These disturbances lead to geomagnetic storms and variations in the radiation environment,
thereby affecting satellites and ground-based infrastructures. To understand and predict such space weather phenomena, it is
essential to grasp the solar wind structures over a wide region from the Sun to the Earth. Interplanetary scintillation (IPS)
observations, which utilize the scintillation of radio waves from distant radio sources caused by the solar wind, have a long
history as a unique method that enables wide-field and continuous monitoring of solar wind speed and density irregularity.
The Institute for Space — Earth Environmental Research (ISEE) at Nagoya University has operated dedicated IPS observation
systems for more than 50 years, continuously supporting international heliospheric and space weather studies. However, aging
instruments and limitations in observational capability have become major issues, and the establishment of a next-generation
observation system is urgently required. To advance heliospheric research and improve space weather forecasting accuracy,
we are promoting the development of a next-generation solar wind observation system at 327 MHz, and here we report its
recent progress.

One of the most significant achievements in the past year has been the progress in the digital backend system. The design
study has been completed, and the system has been ordered. To reduce development costs, the frequency resolution was
changed from the initially planned 12.25 kHz to 24.5 kHz, which has been confirmed to have negligible impact on IPS
observations. The system will be able to digitize 256 input channels simultaneously and form eight beams. Moreover, it
can be combined with the existing 64-channel digital backend to form a 320-channel digital beamformer. On the other hand,
it was found that the design of the antenna and receiver system needs to be reconsidered, and we are currently conducting
component studies and optimization. We are also exploring industry — academia collaboration with a communications
equipment company to accelerate the system development.

Regarding the operation of existing IPS systems, operational efficiency has reached nearly 100% since 2024, and IPS
observations during major solar activity events have been largely successful. For instance, the IPS observation of the May
2024 CME event was successful, and its scientific analysis is now being prepared for publication. In addition, IPS data were
obtained during the large flare event in October 2024, and the possibility of CME detection is under investigation. Future
efforts will include compiling a catalog of major events and performing comparative analyses with magnetohydrodynamic
(MHD) simulations to improve the accuracy of solar wind propagation forecasts. As part of the infrastructure development
for collaborative research using the IPS data, a prototype of a new NetCDF-based data format has been developed and is
already being utilized in research applications.

Meanwhile, radio frequency interference (RFI) has recently become an increasingly serious issue for IPS data. The presence
or absence of RFI significantly affects the quality of raw data, and this has been identified as a critical challenge for the stability
of future observations. For the next-generation system, it is essential to incorporate receiver designs and signal-processing
techniques that take RFI into account, which will become key elements in the forthcoming development.
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Evaluation of Uncertainty in CME Arrival-Time in SUSANOO Using Observation-
Based CME Magnetic Flux Estimation
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Coronal Mass Ejections (CMEs) are eruptions of plasma and magnetic fields into interplanetary space during solar
events. When a CME with a strong southward magnetic field reaches Earth, it can cause geomagnetic disturbances and
affect infrastructures such as communication and power systems. Predicting CME arrival is therefore essential, and
magnetohydrodynamic (MHD) simulations are widely used. However, these models suffer from uncertainties because errors
in initial conditions from solar observations directly affect forecasts.

Several studies have examined arrival-time uncertainty from initial conditions (Pizzo et al., 2011; Mays et al., 2015; Riley
et al., 2018), but the magnetic flux ®, which strongly controls propagation speed, has been insufficiently investigated. In this
study, we used the heliospheric MHD model SUSANOO-CME (Shiota & Kataoka, 2016) to perform ensemble simulations
by varying CME initial speed, size, magnetic flux, and speed of ambient solar wind independently. We quantified changes
in arrival time due to magnetic flux and its dependence on other variables. We also introduced a parameter diagram listing
combinations of initial conditions and the corresponding arrival times.

Since remote measurement of coronal magnetic fields is challenging, there is no consensus on how to determine ©. We
estimated CME flux from correlations among soft X-ray flux, flare fluence, and photospheric magnetic fields in flare regions
(Kazachenko et al., 2017; Gopalswamy et al., 2018c), and then simulated CMEs associated with C-, M-, and X-class flares.
Using these results and the parameter diagram, we evaluated arrival-time differences caused by flux estimation errors under
different initial conditions. The results show that the impact of flux on arrival time is comparable to other parameters and
becomes stronger with slow ambient solar wind or low CME speed.

For a better determination of @, it is necessary to consider the relationship between the photospheric flux and the flux
supplied to CMEs. This issue will be discussed in this presentation. Calculating coronal magnetic fields with MHD models
is also considered effective. However, the method proposed in this study, combining correlation analysis and parameter
diagrams, is expected to enable faster CME forecasting by minimizing numerical simulations of active-region magnetic
fields and CME propagations.
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Analysis of interplanetary scintillation observed at 327 MHz by spectral fitting
and its results
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The Sun constantly emits a stream of plasma known as the solar wind, which acts as a background field that transports the
effects of solar activity to Earth. Therefore, understanding the solar wind is an important factor in improving the accuracy
of space weather forecasts. The speed of the solar wind can be measured remotely from the ground by observing how radio
waves emitted from compact radio sources scatter within the solar wind. This technique is called interplanetary scintillation
(IPS) observation.

Currently, Nagoya University is conducting IPS observations of the solar wind using up to three radio telescopes, and the
solar wind speed is derived by cross-correlating the data from multiple stations. With this technique, it is possible to accurately
measure the speed of the solar wind when a clear correlation is obtained across the antenna baselines. On the other hand, it
is thought that the speed of the solar wind can be estimated even from the observation data of a single-station observation,
in which case the speed is calculated as a parameter of spectral fitting. In single-station analysis, fitting is performed using
a theoretical model that assumes a single velocity distribution along the line of sight. However, when multiple velocity
distributions exist along the line of sight, the shape of the spectrum itself is affected, and it has been pointed out that the
accuracy of velocity analysis may be lower than that of multi-station observations (e.g., Chang et al., 2019). The velocity
derived from single-station observations is effective even when correlations cannot be obtained between multiple stations, so
enabling single-station analysis will make it possible to supplement data that was previously missing due to the inability to
obtain correlations regarding the velocity of the solar wind.

In this study, we successfully derived the solar wind velocity by performing spectral fitting on data from the antenna
(SWIFT) installed in Toyokawa City, Aichi Prefecture, based on the techniques used in previous studies (e.g., Mejia et al.,
2015). The derived velocities showed good agreement with those from multiple-station observations within the uncertainty
range, particularly for the data from 3C273 in September 2019 and 3C48 in June 2024. However, there were also some
cases where the derived velocities did not match the multiple-station observations, such as for 3C147 in July 2022, where
the derived velocity was approximately 200 km/s faster than that from multiple-station observations. The accuracy of the
derived velocity requires further validation by comparing it with satellite in-situ observation data, and by combining it with
velocity data derived from ISEE multi-point observations using cross-correlation, it will be possible to compare the accuracy
of velocity analysis using single-station and multi-station observations.
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Radial evolution of Alfvén wave Parametric Decay Instability in the expanding

near-sun solar wind: Role of Temperature Anisotropy
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Understanding the heating of the solar corona and the acceleration of the solar wind remains a central problem in solar
physics. In the Alfvénic turbulence framework, nonlinear interactions among Alfvén waves generate turbulence and convert
wave energy into heat, explaining coronal heating and solar wind acceleration. However, reduced MHD simulations that ex-
clude compressive modes have sometimes failed to reproduce sufficient heating [e.g., Perez and Chandran 2013], motivating
interest in the parametric decay instability (PDI) as a complementary mechanism [Shoda et al. 2018, 2019]. PDI causes a
large-amplitude, circularly polarized Alfvén wave to decay into a backward Alfvén wave and a slow magnetoacoustic wave,
thereby promoting turbulence and generating density fluctuations. Although some observational evidence of PDI has been
reported [e.g., Bowen et al. 2018], the influence of temperature anisotropy on its growth rate and radial evolution is not
investigated in detail. We compare the radial dependence of the maximum growth rate from 1.1 to 30 Rs (solar radii) using
two dispersion relations: the classical isotropic MHD form [Goldstein 1978; Derby 1978] and an anisotropic MHD (CGL
equations) that explicitly includes temperature anisotropy [Tenerani et al. 2017]. We prescribe radial profiles of plasma
beta (beta), the normalized parent-wave transverse amplitude, and the anisotropy ratio, and we consider two expansion sce-
narios: (i) adiabatic expansion and (ii) an observation-based expansion. In the adiabatic case, the isotropic model yields a
growth rate that increases with heliocentric distance, whereas the anisotropic model shows a decrease with distance. Un-
der observation-based conditions, the anisotropic model tends to yield larger growth rates than the isotropic model due to
perpendicular-temperature-dominated anisotropy; moreover, in both models, the growth rate peaks near R = 3Rs and then
suppresses rapidly. In the case with a squared normalized parent-wave amplitude of 0.01 at the corona, a difference of ap-
proximately 0.05 w_0 between the anisotropic and isotropic models’ maximum growth rates was observed from 3 to 8 Rs.
These behaviors depart from isotropic predictions and demonstrate that temperature anisotropy strongly modulates PDI ef-
fectiveness. These results underscore the need for theoretical models that include anisotropy to advance our understanding
of how PDI contributes to the generation of density fluctuation and turbulent heating. Combined with recent multi-spacecraft
observations, our findings offer new guidance for identifying PDI in situ and refining physics-based models of solar wind
formation.
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On approximation of time correlations in anisotropic magnetohydrodynamic tur-
bulence

#Yasuhiro NARTYUKIY

(1University of Toyama

Standard statistical theories of turbulence such as the direct interaction approximation [e.g., Kraichnan, 1959; Nakayama,
1999] can give evolution equations for time correlation. By solving those equations analytically or numerically, we obtain
approximate solutions for time correlations in turbulence. In this presentation, we revisit such equations (integro-differential
equations) for time-correlation in anisotropic magnetohydrodynamic turbulence [e.g., Nakayama, 1999,2002] and discuss
dependence of approximate solutions on each term and parameters. We also discuss the application of approximate solutions
to sub-grid scale modeling of local turbulence.



R007-06
C4£i8 : 11/25 PM1 (13:45-15:45)
15:00~15:15:00

#EFPN g D

O A

Rankine-Hugoniot equations in anisotropic plasmas: Application to the helio-
spheric termination shock
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The compression ratio, defined as the density jump across a shock, is a key parameter characterizing shock properties. In
the fluid description, the Rankine - Hugoniot (RH) relations enforce conservation of mass, momentum, and energy, while
Maxwell’s equations ensure continuity of the tangential electric field and normal magnetic field. These constraints allow the
compression ratio to be expressed in terms of upstream parameters such as Mach number and plasma beta. Using hybrid
simulations including pickup ions (PUIs) to model the heliospheric termination shock, we find that the observed compres-
sion ratio is systematically lower than predicted by the standard RH relations, indicating a breakdown of their underlying
assumptions. To address this, we incorporate plasma pressure anisotropy by treating pressure as a tensor rather than a scalar,
and we modify the flux formulations for momentum and energy accordingly. Employing the Chew — Goldberger - Low
(CGL) approximation to close the system, we derive new expressions for the compression ratio and pressure anisotropy. The
resulting solutions show excellent agreement with simulation results when solar wind protons and PUISs are treated as a single
fluid, demonstrating the validity of the anisotropic RH framework for shocks in space plasmas.
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CME Propagation Environment for Type II Solar Radio Bursts Modulation on

June 13, 2022
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Coronal mass ejection (CME) is a phenomenon in which a large mass of plasma is ejected from the solar surface into
interplanetary space due to active solar activity. MHD shock waves produced by CME accelerate ambient plasma particles
and type II solar radio bursts (SRB II) are excited [e.g., Uchida 1960]. By analyzing time variation of emission frequency of
SRB II propagating at the speed of light, velocity of CME shock waves, density structure of the solar corona, and magnetic
field structure can be estimated before CMEs reach the earth [e.g., Koval et al. 2021, 2023, 2024]. However, actual coronal
environment is complex, and effects of inhomogeneous density and magnetic field structure around radio emission sources
are not well understood. In particular, radio source region in the HF-VHF band (3 - 300 MHz) corresponds to the transition
region from the solar corona to interplanetary space, where density gradients and magnetic field structures change drastically.
Therefore, it is important to understand the environment of the solar corona from SRB observations. However, SRB 1I ob-
servations in this frequency band are limited, and understanding CME propagation and SRB excitation mechanisms in the
middle corona remains a challenge in solar physics.

In this study, we analyzed in detail CME/Flare erupted at 03:12 UT on June 13, 2022, and associated SRB II event on
03:25:40-03:33:00 UT with a couple of radio observation data (litate Jupiter Galaxy Radio Observatory HF band antenna
(15-40 MHz) [Kumamoto et al. [IUGONET workshop, 2011]; IPRT/AMATERAS (100-500 MHz) [Iwai et al. 2012]). In
25-37 MHz, SRB II emission lane appeared, and it was second harmonic. In the harmonic emission lane, frequency drift rate
(FDR) corresponding to peak flux increased sharply by a factor of 1.67-1.92 after 03:28:45 UT. To further examine this phe-
nomenon, we analyzed environmental conditions of the corona near the solar surface for this event using image observation
data. We found that this event had following characteristics:

1. Through two coronagraphs analysis, MLSO/K-Cor (1.1-3.0Rs) [K-Cor Team 2013] and SOHO/LASCO-C2 (3.0-6.0Rs),
it showed that the CME erupted at around 03:12 UT at AR13030/13032 (including N21E44) and propagated eastward.

2. By analyses of SDO/AIA [Lemen et al., 2012], HMI [Scherrer et al., 2012] and PFSS magnetic field model, it is shown
that closed magnetic field lines were observed from the CME source region and a coronal hole accompanied by open mag-
netic field lines were also observed in its vicinity.

3. We analyzed magnetic field azimuth angle using Stokes parameters observed by MLSO/UCoMP (1.03 to 1.95Rs) [Landi
et al., 2016]. We used observation data at 03:06:51 UT before the CME generation and at 03:36:50 UT when CME was out-
side the field of view of UCoMP. We subtracted former data from latter data, and it was found that north part of magnetic
field of the CME propagation path rotated clockwise up to 30 degrees. This indicates that in this time period CME may have
interacted with streamer region which was formed by open magnetic field lines extending from the coronal hole on the north
side of the CME propagation path.

As a generation process of electron beam producing SRB II, shock drift acceleration is considered. This is the mechanism
of electron acceleration under quasi-perpendicular conditions between CME shock waves and coronal magnetic field. Accel-
erated electrons excite Langmuir waves, and SRB II is excited through non-linear mode conversion [e.g., Holman and Pesses
1983; Melrose 1991; Ball and Melrose 2001]. Based on this generation scenario, the spectral feature in this SRB II event,
and the observation results of 1-3 mentioned above, it is considered that the observed change in FDR was caused by different
magnetic field structure along the CME propagation path. At first, CME shocks waves passed through closed magnetic field
lines above the active region, and as propagating, they passed through open magnetic field lines above the coronal hole. And
then, the radio source region or wave mode conversion efficiency may have changed [e.g., Kong et al. 2012; Zhang et al.
2024].

In this presentation, based on the analyses, we consider changes of magnetic field and density structures along the CME
propagation path and discuss their elementary processes. Also, we discuss the spectral structure and the interaction between
CME shock wave and coronal magnetic field structures.

anFEERE (CME) IXiERZKGEBOFEIC LD, KBRED 5 KR 77 X~ D2 MR X h
LHRTH 5. CME »4EAH ST MHD HEBE ORI X D, DAKGER N—Z b (SRBI) 2377 X~ B THET
% [e.g. Uchida 1960]. Y&#CTIa#k3 % SRB I O AR ORI Z(L &2 @i 3 % 2 ¥ T, CME OHIEREERTIC CME
HERPF DHEEDLKG 2 v FOEERME, WSRELHETE 5 [e.g, Koval etal. 2021, 2023,2024]. Lo L, EEDan



FREIEMTDH D, BE - WHAEO NI BIEBERELD 77 A< REICE 2 2283 Tt B s Tnig
W, $#12 HF-VHF 18 (3 - 300 MHz) O &R AEHREBR I AR 2 0 F ¢ SRE 22 0B RN U, 2EAH 2
GES K E LT T 5. 207D, SRB Bl 6 KGEFOan FREZHET 2 Z e NEETDH 50, ORI
HcB1F 2 SRB I &MIFNIE 5T H, Middle corona T & CME &k & (¥ SRB FAHHE 0 f2HHI I KRS 22 D
HEr TV,

RIFFETIE, BROERBH T — & (BREERERFE BN HF &5 7 > 7 7 (15-40 MHz) [Kumamoto et al. [UGONET
workshop, 2011]; IPRT/AMATERAS (100-500 MHz) [Iwai et al. 2012]) Z AW T, 2022 6 H 13 H03:12UT I2H4E L
7z CME/Flare ¥, Z2UZfTRE3 % SRB £ X > b Z AT L7z, 03:25:40-03:33:00UT 12 CME I2fFfE5 % SRB 11
D 2 {EEFM % 25-37 MHz TEUHIL 7=. SFIEOME L — > T, 03:28:45UT ZHiC L TEIRBESHRE D v — 27120t
B3 B EHEE R Y 7 b3 (FDR) 25 1.67-1.92 A X EABUSHEM L Tz, i, BEGEHIT— %% T SRB I ¥4 K
SHED KGR EEN L2225, ZOARY MILUTOREYRH 2 Z e hinhoT-.

1. MLSO/K-Cor (1.1-3.0Rs) [K-Cor Team 2013], SOHO/LASCO-C2 (3.0-6.0Rs) @ 2 5D A0+ 25 7 Dfiffis &, %
4 % CME 1% 03:12UT & 512 AR13030/13032 (N21E44 {iH) THA L, BATICAEM LT,

2. SDO/AIA [Lemen et al., 2012], HMI [Scherrer et al., 2012] ¥ PFSS B5GE TV 2@ L= & &5, CME R4 D
SIEBAC 7RO R T & /2. F/2, ZOHBAICEZan FR—AnH D, BEOWBOENI R TV,

3., MLSO/UCoMP (1.03 to 1.95Rs)[Landi et al., 2016] T CME FE#/i® 03:06:51UT ¥ UCoMP fREF/N\DIHEZE D
03:36:50UT 128l L 7z Stokes 8T X =X ZFHWTHGOAEZRM L. LEEOREICBWTT—X0ESZW - /2
¥ 2%, CME GBI RIS AL OBESA HRK 30 BIFEREIEI D IZEiz L TWi=Z b ofz. U, ant
A= HIEL TV BV K18 DY CME ARHER O ALANTTER L Tz 2 b Y — <3l e CME 23 Z ORI AEH
L7-AlREE R R LTV 5.

SRBIIl ZRHAEXEL2EFEL—LDEMA D=L LTHERKE NV 7 MIEBEZ SN TWS. ZHud CME EHE)K
¥ a v FE5ED quasi-perpendicular DS N CHEEIK F VY 7 MIEIZ X > TEFHAIEX N, Langmuir JFEFEL, %
NI E— FERTZ I TSRBIBHREET S, WIHDTHS [e.g., Holman and Pesses 1983; Melrose 1991;
Ball and Melrose 2001]. Z OERLE & Bl X7z SRB IO HHRFNMEB L O LD 1~3 OBAKEREZHIRT 21Tk
b, Blllxh7- FDR OZ1{bix, CME i OGS THREIER L2 D U720 5 a v F R — L EZEDR
WAL L7z 2 8 TEIEFBEEBRPSBEBRZLSRNPE LR THEZ2EZ 513 [e.g, Kong et al., 2012;
Zhang et al., 2024]. ARFERTIE, FITERICHE S { CME GIEE EOBSGHEDELERL, ARY MUBEEIET
2 YRR & 12 CME 58 » a v FESE O EERICOWTER T 3.
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Reliability Assessment of Solar Wind Speeds Derived from IPS Observations
#Kenichi Fujiki'), Kazumasa IWAI?)
(1Nagoya University, (?Nagoya University

Radio waves from distant sources are scattered by solar wind plasma, producing intensity fluctuations observed on the
ground. This phenomenon, known as interplanetary scintillation (IPS), offers an effective means for remotely sensing the
solar wind. Although IPS data contain line-of-sight (LOS)-integrated information on the solar wind, tomographic analysis
applied to a large number of observations can mitigate this integration effect and reconstruct the global solar wind distribu-
tion.

Since the early 1970s, Nagoya University has been conducting continuous IPS observations, revealing long-term variations
in the large-scale solar wind structure. These variations exhibit a strong correlation with solar activity. On shorter timescales,
however, comparisons between IPS-derived solar wind structures and in situ measurements from spacecraft show alternating
periods of high and low correlation.

In recent years, the worsening radio-frequency interference (RFI) environment in Japan has seriously affected IPS observa-
tions, leading to increasing discrepancies between IPS-derived solar wind speeds and in situ measurements. The aim of this
study is to evaluate the reliability of IPS-derived solar wind speeds under such conditions.

To address this issue, we used IPS data from 1995 to 2010, a period with high-quality data acquisition, and compared
short-term variations in solar wind speed with those in the OMNI database. To simulate the current RFI environment, we
randomly thinned LOSs, reproducing the effects of reduced observational density and increased interference. We then quan-
titatively assessed the consistency between IPS-derived and in situ solar wind speeds. Furthermore, we investigated how this
consistency depends on several key parameters, such as the number of LOS and the level of RFI, thereby providing a basis
for future improvements in IPS observations and ensuring the continued utility of IPS for solar wind monitoring.
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Current status of update of the wideband system for the Iitate Solar/Planetary
Radio Telescope (IPRT)

#Hiroaki MISAWA), Fuminori TSUCHIYA?), Hiroshige YAMAGUCHI?), Yoji KUWAYAMA®), Hajime KITA®), Hideki
UJIHARA®), Shinya SATO"

(ITohoku Univ., (2Tohoku Univ., ®Tohoku Univ., (4Tohoku Inst. Tech., (°Ritsumeikan Univ.

We have operated the litate Solar/Planetary Radio Telescope (IPRT) for meter-wave radio observations. Currently, we are
updating the feed system and spectroscopic system of IPRT in preparation for further wideband, high-sensitivity, and high-
resolution measurements. The current receiver system incorporates a narrow-band high-sensitivity system centered at 325
MHz and a wide-band spectroscopic system for the 150-500 MHz band including the feed system independently. However,
in particular, the latter had weaknesses of low sensitivity, with an average aperture efficiency n of only about 0.2 across
the measurement band, and a rapid decline in 1 below 200 MHz, making it difficult to receive solar radio waves in the low
frequency band, which is important for research on SEP origins. In recent years, large-scale radio observation facilities in the
low-frequency range have been updated and developed (such as p GMRT and SKA), and international VLBI projects using
IPRT as a pair station have also been launched. Therefore, improving n of the wide-band system is important for IPRT to
make further contributions. Then we have begun developing a new 100-700 MHz band feed system and spectroscopic system
that integrates high-sensitivity and wide-bandwidth systems and aims to achieve wide-bandwidth and high aperture efficiency
(target: n >0.4 across the entire measurement band).

Regarding the feed system, we have conducted design studies using electromagnetic field analysis software Feko with a
pyramidal sinuous antenna as a candidate. We have also fabricated a small-scale model and evaluated its characteristics by
mounting it on the IPRT, confirming that an efficiency of n >0.5 is achievable across the entire measurement bandwidth.
Currently, further studies are being conducted to achieve the durability required for the actual equipment and high impedance
matching with the downstream signal amplification system, which is essential for achieving high 1. Meanwhile, for the
spectrometer, we are developing the hardware for the receiver and the software for the spectrometer with the goal of realizing
a spectrometer capable of real-time continuous measurement of two polarizations (horizontal and vertical polarization or
right-handed and left-handed polarization) in the 100-700 MHz band with a time resolution of 10 msec and a frequency
resolution of 75 kHz. In the presentation, we will introduce the details and progress of the development and updates of both
systems, which are targeted for completion by fiscal year 2025.

FALKZTIE B D HIFE DY 1000 FRGRD X — b VT RIS o KR - &2 ik IPRT(litate Planetary
Radio Telescope) Z i LT Z7z03, BfE. LARRKRDILHIE - SEAE - @OWEHNCHT T, 7 4 — FROBFE L HER
DA% - B EEDTWS, FITD IPRT DZERIZ. 325MHz OO RERE R & 150-500MHz 45 FH O L5
HFR%E 74— FRLBEBFDTHILLTHA TV S, FICEE CIEFAMEEEOROMNRE N B 02 B REETHZ 2
&, KT 200MHz LR Tl n 2533 K T L. SEP EIROMSEE THEERREREH TOERBIRZEVLRETH 5 2 L,
SIRDID o Fzo ITHEIIARJE IR T O KB ERBIHIZEE O HH L% (L GMRT % SKA %) 25 A, IPRT ZX7 Rk
L7ZEB VLBl 7oy =27 b8 L TE D, IPRT O—@OEHBKICHNY. EFHROEMRPERICZ > TETWV 5,
ZZT. YN —T7 Tl BRERLINEEREREG. o IKEEL - @BOXRE HfE 3. #7272 100-700MHz #F
74— FREDHZOEFBICEFELTWVWB (BIE: LM CTHOME 0.4 LLE),

74— FRIZOVWTIE, ZHETHER Sinuous 7 > 7 F 2 EM & LU CTEMSENT Y 7 b Feko TOREMBFT 21T,
—DDFEHRITONWT/NRAT —LETNVOENEL IPRT ~NER U 7Rl 2170 2R TR ORI 0.5 X B2
BAATRECH 2 T e MR L7z, BUE, FEITKRD 5N BMAMEL . SRR IEFICHHAL 12 2 REDESHEIER D&
4 YRV RABEMOERZEIE L. BIChaI 2D TWE, —FH. HHRICOWVWTIE, 100-700MHz H D 2 @ (K
- BERE £ G - ERREK) . REDHEE 10msec, JEIREDfREE 75KHz CERREEB AT EER DR D
EHREPHEBL, ZEFON—FY 27 GOy 7 by 2 7RI EED TV S, fETIE, s 2025 FENDOFEE
ZHEL LTV AIRICOWT, BHFE - HH O & EWIRIICOWTRN T %,
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Numerical Simulation of the Transport process of Galactic Cosmic Rays to 1 AU
#Taiki Kawanoga®), Shuichi Matsukiyo?® , Fumiko Otsuka?), Kotaro Yoshida')

(Unterdisciplinary Graduate School of Engineering Sciences, Kyushu University, (?Faculty of Engineering Sciences, Kyushu
University

Heliosphere is formed by the interaction between the supersonic solar wind plasma and the interstellar plasma. It is char-
acterized by structures such as the termination shock and the heliopause, and is a region dominated by the solar wind plasma
and magnetic field. Galactic cosmic rays (GCRs), coming from interstellar space partially penetrate into the heliosphere,
experience the influence of heliospheric structure, and undergo highly complex motion before reaching the Earth. Our goal
in this study is to understand how GCRs penetrate into the heliosphere and reach the Earth at the level of particle trajectory,
by combining global MHD simulations with test-particle simulations.

In this study, we performed test-particle simulations using electromagnetic field data obtained from a global MHD simula-
tion under the assumption of a steady solar wind, in order to investigate the penetration process of GCRs into the heliosphere.
In the MHD simulation, the solar wind parameters at 1 AU were set to 400 km/s (velocity), 5.0 /cc (density), 35 p G (mag-
netic field strength), and 10° K (temperature), which were extrapolated to the inner boundary at 50 AU (from the Sun). At
the outer boundary corresponding to the interstellar space (900 AU), the parameters were set to 23 km/s, 0.1 /cc, 6,300 K,
and 3 p G. While previous studies have been limited to discussions up to the inner boundary at 50 AU in global MHD
simulations, here we extended the calculation domain up to 1 AU by applying the theoretical Parker spiral model inside 50
AU, and investigated the particle trajectories of GCRs. We also considered the effect of cosmic ray pitch-angle scattering
due to turbulence, since the heliosphere is usually turbulent and the magnetic fluctuations are known to be comparable to the
background field.

In this presentation, we focus on the trajectories of particles with Lorentz factors y = 10 (10 GeV) and y = 1000 ("1
TeV). For y = 10 particles, it was confirmed that they are trapped by the spiral magnetic field of the heliosphere and then
guided into polar current, ultimately reaching the inner boundary mainly from the polar regions of the heliosphere. For y =
1000 particles, some particles penetrated directly toward the inner boundary, while others exhibited large-scale motion in the
heliosphere and eventually entered through the polar regions of the heliosphere. In particular, for y = 1000, we launched 10'°
particles outside the heliopause and conducted large-scale simulations, enabling us to investigate their statistical behavior in
relation to characteristic trajectory features.

KGRI KRG 6 & HSEF RO KIGE T 7 X< EM 77 X~ OMBEERIC X > TER I N, KIHEHEEAY
FR= COREN SR RS, KBE T 7 X~ L GOSN R ERTH 5, EMZERM D & RET 2 B FHR
F. —EBKBBENERE TRA L. KEBEREDREL T, WD CEMEE ZE L TR E CRET 5, RO
HiE, 72— VL MHD 518 7 2 MR FEHEEZHA S DY, BAFEREIKGEANY O X 5 IR A L THIERE TEE
T30, MFPELNLVTHET2ZTH 53,

AT, EFABREZIE L7227 0 — L MHD &2 585 W = KBEOE#E T — X2 HWTT 2 MTFEE
210, KIGEANORAFHMORA T A2 FE L7, MHD FHETIX, 1 AU TOKRBGEOEE, HE, #GOM
X, BIUNRELZ, 2R ZFN400km/s, 5.0/cc, 35 1 G, 10°K & L. 25 DMHEIZHAIEER 50 AU (K25 50 AU
M) 12AMEE NG, ERZERICHGS 2 MAIEER 900 AU ToOfElX. 22 23 km/s. 0.1 /cc. 6,300K. BXU3 p
Gtl7, ZTRETOMIETIE., Z0—rUL MHD F—XOHNBEERFRTH % 50 AU £ TOEMD R I N T E /=05, At
FTIE. 50 AU DINTOREBICEIT 2 581D\ TI Parker spiral DMGERREZEAT 2 2212k b, 1 AU T TORMF
HROMTFIE I OVWTHERIT o720 £y KBEMTEEELIRN T, MEBES T ERUGOREIFEE L 25 2
EHRFNOENT WSz, ELIGEIIC X 2FHEMN TFOY y FATELOR S E K L 7=,

AFERTIZo—L Y YEFY =10 (10 GeV) &y = 1000 (1TeV) DR F DR FHUEICOWTHRT %, v =10 DF|
BN T RBGE D 284 F VG IR S /-, BUROBFRIICH | ZA ., IR &5 ANBRRAZLET 2 Z & A3
RSNz, v = 1000 DR FIXEMRINTNHBRRAZLE T 2R TR KGEINE K& GEHI L. KBS & NEHERR
ANEET R FNEL AN, BRIy = 1000 DR FIZOWTIE. 100 EEDOK T2~ +HE— XOMMUINEE L, K
BB FEHEZITV. HETINES 2 20BN THLEORIC $ TRAIAA THEHRT 2,
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