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Magnetic field and density fluctuations associated with a CME observed during a

radio occultation experiment of the solar corona

#Shota Chibal), Takeshi Imamura?) ,Hiroki Ando®

(1Graduate School of Frontier Sciences,The University of Tokyo,(?Graduate School of Frontier Sciences, The University of
Tokyo, ®Kyoto Sangyo University

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 solar radii, where the coronal heating by magnetohydrodynamic waves
and the wave-induced magnetic pressure are thought to play major roles in the acceleration. The mechanisms have not been
fully confirmed because the acceleration occurs in regions where no spacecraft has ever reached to date. Recently, however,
an inner heliosphere observation network is getting ready, by such as NASA’s Parker Solar Probe and ESA’s Solar Orbiter
and BepiColombo.

Radio occultation observations cover the acceleration region fully and can obtain information complementary to in-situ
observations. Radio occultation observations are conducted during the passage of a spacecraft on the opposite side of the
sun as seen from the Earth. Inhomogeneity of coronal plasma density structure traversing the ray path disturbs radio waves’
frequency so that we can interpret the received frequency fluctuations as density fluctuations in the coronal plasma. Further-
more, using dual-circular polarization signals transmitted from the spacecraft, we can derive the Faraday rotation (FR) from
the phase difference between right-hand circular polarization (RCP) and left-hand circular polarization (LCP). we can obtain
the plasma density and magnetic field structure of the solar wind from FR measurements.

Wexler et al. (2017) proposed a method to derive FR from the cross spectrum between the RCP and LCP signals of the
spacecraft. Using this method, we have derived the FR from the radio occultation data taken during the solar conjunction of
JAXA’s Akatsuki spacecraft in 2016. According to SOHO/LASCO C2 images, a coronal mass ejection (CME) crossed the
ray path on 9 June 2016 during this campaign. The FR on this day shows larger amplitudes than the other observations at
similar solar offset distances, and the time series of the electron column density shows a rapid increase around the time of the
CME event. Jensen et al. (2018) reported FR measurements associated with a CME event on 10 May 2013 using the signals
transmitted by the Messenger spacecraft. The FR obtained from our analysis has similar amplitudes to the FR which is shown
by Jensen et al. (2018). We will report the initial results of the FR analyses.
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East-west asymmetry of interplanetary scintillation strength observed for solar

wind disturbance events

#Munetoshi Tokumaru'),Miho NagaiZ) Kenichi Fujiki®) ,Kazumasa Iwai®)

(Unstitute for Space-Earth Environmental Research, Nagoya University, ?Nagoya university, ®Institute for Space-Earth En-
vironmental Research, Nagoya University, *Institute for Space-Earth Environmental Research, Nagoya University

Interplanetary scintillation (IPS) observed for a compact radio source is a scattering phenomenon caused by solar wind
electron density irregularities A Ne, and the strength of IPS is proportional to the integration of A Ne along the line of sight
(LOS), when the scattering is weak. Using this relation, IPS observations for many sources in a day enable remote sensing
of daily changing A Ne distribution in the solar wind. Since A Ne increases in the compression region associated with solar
wind disturbances, the IPS strength increases when the LOS intersects solar wind disturbances propagating toward the Earth.
Therefore, the IPS strength acts as a useful tool for detecting solar wind disturbances. IPS observations have been conducted
at ISEE for 30 to 60 sources in a day, and the g values which represent the daily variation of IPS strength have been calculated
from the IPS observations. The g value is normalized to the level of the quiet solar wind (g=1), and g>1 when the LOS passes
across solar wind disturbances. In our previous studies, we calculated the IPS indices which enable quick identification of
solar wind disturbances from ISEE g-value data and investigated correlation between the IPS indices and solar wind den-
sity/speed measured in situ near the Earth. We also determined the long-term variation in the occurrence rate of solar wind
disturbances using the IPS indices. In this study, we investigated response of IPS observations to solar wind disturbances as-
sociated with coronal mass ejections (CMEs) and stream interaction region (SIRs) driven by the high-speed solar wind using
the IPS indices. We determined Gave indices from ISEE g-value data between 1997 and 2019, and performed the superposed
epoch analysis of Gave for CME and SIR events. The Gave index is given as a mean of g values obtained in a day, and the
start times of CMEs and SIRs, which were adopted from the lists of Richardson and Cane (2010) and Grandin et al. (2019),
respectively, were used as the zero epoch in the analysis. Here, we determined Gave from g values collected on the east
and west sides with respect to the Sun-Earth line separately and examined difference between them. As the result, we found
distinct difference in time profiles of Gave data between CME and SIR events. Eastern and western Gave for CME events
simultaneously increased and peaked at O days. This feature is consistent with the analysis for Earth-directed CME events. In
contrast, eastern Gave for SIR events was higher (lower) than western one before (after) the start time, and a prominent peak
occurred in the western data 2 days after the start time. This east-west asymmetry is ascribed to the spiral-shaped distribution
of the SIR, and a consistent result was obtained from calculations of a simple SIR model. Such east-west asymmetry was also
observed for correlations between Gave and the solar wind density/speed measured in situ near the Earth, and this is ascribed
to the effect of SIR considering the result of superposed epoch analysis. The east-west asymmetry in the correlations for
Cycle 24 significantly differed from that for Cycle 23, and this can be explained by the reduced contribution of CMEs due to
weakening of the Cycle 24 activity.
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Development of pathfinder array for Next Generation Solar Wind Observation
System
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Interplanetary scintillation (IPS) is a radio scattering phenomenon caused by the disturbances in the solar wind. IPS
data obtained by observing radio sources outside the heliosphere with ground-based radio telescopes have been important
information for understanding the global structure of the heliosphere. ISEE, Nagoya University has developed unique IPS
instruments consisting of a cylindrical parabola antenna with a physical aperture area of about 2000 - 4000 square meters in
the 327 MHz band. The instruments have been installed at three locations in Japan to observe solar wind from ground-based
radio observations. In addition to contributing to the understanding of the global structure of the heliosphere, the obtained
solar wind data can efficiently detect coronal mass ejections propagating in interplanetary space. The IPS data has also
contributed the space weather forecasting by improving the predicting accuracy of the arrival of CMEs on the Earth. On the
other hand, it has become clear that more IPS observations is necessary to understand the acceleration process of the solar
wind and to improve the accuracy of solar wind forecasting.

This project proposes the "Next Generation Solar Wind Observatory System” to dramatically improve the observational
performance of solar wind and to lead the next generation of heliospheric research. In this project, a flat phased array
antenna consisting of many antenna elements is constructed. Digital beam forming devices that can simultaneously observe
on multiple directions are installed on the array system. This system enables IPS observations 10 times greater than that
of existing system. The development of a small array, which accounts for a few percent of the total, is currently underway
as a Phase-I project. We have developed a digital backend system that digitizes 64 analog inputs and synthesizes 8 beams
simultaneously. For the antenna system, we designed a system that combines multiple antenna elements in an analog stage.
Dipole antennas and Yagi antennas were selected as candidates for the antenna elements. Prototypes of both candidate antenna
elements have been developed, and experiments are underway to determine the final design for manufacture.

This project has been proposed to the Science Council of Japan’s Future Science Promotion Concept as a part of the ’Study
of coupling processes in the solar-terrestrial system” project. This project is also going to be proposed to the Roadmap 2023
by the Ministry of Education, Culture, Sports, Science, and Technology.
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Evaluation of Uncertainty in Arrival Time of CME given by initial magnetic
flux parameters in the SUSANOQO-CME model
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An interplanetary disturbance associated with a transient solar plasma ejection, called Coronal Mass Ejection (CME),
sometimes arrives at Earth with a strong southward magnetic field. It is concerned that various communication infrastructure
and electrical systems can be damaged through magnetospheric disturbances. To predict the time of arrival (ToA) of the
CME accurately in advance of their arrival to the Earth, global heliospheric MHD models have been applied to forecast
the ToA. Today, some space weather forecast models have been developed and operated such as WSA-ENLIL (Riley et al.,
2018), EUHFORIA (Pomoell & Poedts, 2018) and SUSANOO-CME (Shiota & Kataoka, 2016). In these models, the ToA
is known to be sensitive to the initial parameters of the injected CME and some particularly important CME parameters
in several models have been investigated (e.g., May et al., 2015; Riley et al, 2018, 2021). In SUSANOO-CME, it is also
important to quantitatively estimate the contribution of CME parameters to the ToA in order to achieve a more accurate
forecast model. However, it has been suggested that in models that include flux rope structures observed in real ICMEs such
as SUSANOO-CME, the additional variables might be causes of further ToA uncertainty (Riley et al., 2021). In addition,
some of the SUSANOO-CME parameters, such as the magnetic flux, that their validity of the initial value assumptions has
not been fully verified because of difficulties to observe despite their importance. Recently, correlations between the EUV
dimming region of the corona associated with CMEs and the photospheric flux contained at their footpoints (Dissauer et al.,
2019),. and reconnection flux at flare sites and a lower limit for the flux contained in CMEs (Temmer et al., 2017) have been
reported from the solar observations. Based on these studies, the assumption of the amount of magnetic flux contained in the
initial CME can be constrained. In this study, then, we aim to quantitatively estimate the contribution of CME parameters
such as the magnetic flux in SUSANOO-CME to the ToA and constrain the parameters by comparing them with solar
observation data and interplanetary scintillation (IPS) data provided by ISEE, Nagoya University. As a preliminary analysis,
we simulated propagation of CME associated with the M 1.0 flare on March 28, 2022. Ten CMEs given five different initial
velocities (600, 700, 800, 900, and 1000 km/s) and two magnetic fluxes (2x10%! Mx and 3+102! Mx) were injected. As a
result, we found that while the maximum ToA difference with initial speed of CMEs was about 4-5h, it was observed that the
ToA changed by about 6h at all initial speeds for CMEs with different magnetic fluxes. However, since ToA variations are
known to vary significantly with the order of the magnetic flux. For example, the ToA difference becomes smaller when the
input magnetic flux is set to “102°Mx. The flux parameter characteristics of ToA should be investigated in more detail over
a wider parameter range. In addition, this analysis included conditions unsuitable for this study, such as the interaction of
the CME structure with the background solar wind, which causes reproduced shock arrival at the earth position to be more
complex. Although this interaction is important in terms of actual forecasting, we will remove these effects by methods such
as uniformizing the background solar wind to simplify the conditions.
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Optimization of the DCHB Model by using IPS and EUV Coronal Hole Observa-

tions
#Haruto Watanabe®) ,Munetoshi Tokumaru!),Kazumasa Iwail),Kenichi Fujikjl)
(nstitute for Space-Earth Environmental Research, Nagoya University

The sources of the solar wind and its acceleration mechanism are not yet fully understood. Several models have been pro-
posed to empirically link the topology of the solar coronal magnetic field to the solar wind velocity. The WS (Wang-Sheeley)
model is based on the empirical relation between the solar wind speeds and the expansion rate of the coronal magnetic field.
According to the WS model, the solar winds with lower speeds flow out from regions of the coronal magnetic field where
the magnetic field expansion rate is larger. The WSA (Wang-Sheeley-Arge) model, which is an evolution of the WS model,
has been employed for space weather forecast at NOAA. However, previous studies have shown that the empirical relation
between the solar wind speed and the expansion rate doesn’t fit in regions with pseudo-streamers, and thus the WSA model
gives incorrect predictions there. The DCHB (Distance from Coronal Hole Boundary) model is another model to reproduce
the solar wind speed from the coronal magnetic field properties. This model assumes that the solar wind speed is smaller
as the source is closer to the boundary of the coronal hole. This model fits in pseudo-streamers; therefore, it is thought to
provide a more accurate prediction of solar wind speed than that of the WSA model.

In this study, the parameters of the DHCB model were optimized for the data of solar wind velocity from IPS observations
and examined how well the DCHB model reproduces the solar wind velocity. We calculated PCC (Pearson Correlation Co-
efficient) between the solar wind speeds reproduced by DCHB model and those obtained from the IPS tomographic analysis,
and we determined the parameters which maximize the PCC as the optimal parameters. Unlike in-situ observations, IPS ob-
servations enable to determine the global distribution of the solar wind speed. Therefore, the DCHB model could be validated
more effectively by using IPS observations.

In this analysis, we also used the PFSS (Potential Field Source Surface) model to estimate the structure of the coronal mag-
netic field and magnetograms from ADAPT (Air Force Data Assimilative Photospheric Flux Transport) as its lower boundary
condition. Although the altitudes of the upper and lower boundaries of the PFSS model had been fixed in our previous stud-
ies, those altitudes were optimized in each CR so that the coronal hole (CH) shape estimated by the PFSS calculation best
matches the EUV observations. Then, we evaluated the solar wind speeds by DCHB rigorously and compared with those
obtained from the IPS tomographic analysis.

In consequence, during the solar minimum, the PCC was as high as 0.81. This high correlation is mostly attributed to the
excellent reproduction of the bi-modal structure of the solar wind at solar minimum by the DCHB model: it is known that the
high- and low-speed winds dominate at high and low latitudes, respectively, at solar minimum. It is also known that, at solar
maximum, the high-speed wind almost disappears, and the low-speed wind dominates all latitudes. We found that the DCHB
model reproduces the distribution of the low-speed solar wind originating from smaller coronal holes at low latitudes, even
during such a maximum period.
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Relationship between coarse-graining scales and Markovian characteristics in the
solar wind magnetic fluctuation
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It is known that magnetic fluctuation observed in the solar wind has turbulent spectra [e.g., Bruno+Carbone, 2013; Ver-
scharen et al, 2019]. Since power-law like spectra are usually observed not only at magnetohydrodynamic (MHD) scale
but also at ion/electron scales, coarse-graining scales to carry out the scale-separation are not trivial. Recently, the author
proposed a method to give a coarse-graining scale in MHD turbulence by using the sub-grid-scale (SGS) model [SGEPSS
fall meeting, R0O07-10, 2019]. In this presentation, we discuss the relationship between coarse-graining scales evaluated by
the SGS model and Markovian characteristics of the solar wind magnetic fluctuations, which have been evaluated by using
data of several spacecrafts [Sturumik+Macek, NPG, 2008; PRE, 2008; Benella et al, ApJL, 2022; Macek et al, ApJ, 2023]. A
Monte-Carlo significance test of the resultant coarse-graining scale is carried out by using the surrogate date method. Physi-
cal meaning of an “ergodic feature” evaluated by the SGS model will be discussed from the point of view of the Markovian
characteristics of magnetic fluctuations.
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Multi-spacecraft observations of widespread solar proton transport in the helio-
sphere
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We present multi-spacecraft observations of widespread solar energetic protons and discuss on the proton acceleration and
transport in the wide spread events.

Based on the list prepared by Dr. Seiji Yashiro for the past PSTEP-SEP-CDAW?2 workshop in 2019;

https://sites.google.com/view/pstep-sep-cdaw2/home, we have conducted statistical study with respect to the onset time
delay of the solar proton after the solar flare upon the heliographic position of source flares (see Figure) and found following
signature; i.e.

1. Delay time seems shorter for the western source cases than that for eastern source cases. The shortest delay time was 15
min. and the location of source flare was 100 deg. west in this case.

2. All of these solar proton events associated CMEs, and the speed of the ejected CME exceeds 900 km/sec for all cases.

By using multi-spacecraft observation data listed above URL, we have examined the deference of onset times at each
spacecraft in detail and found following signature; i.e.

1. Heliographic source of the solar proton distributes in a wide range from -180 degrees to 180 degrees with respect to the
central meridian longitude.

2. In some cases, onset times of the arrived solar protons at each spacecraft were quite similar even though the locations of
the spacecraft were quite far.

3. Closer inspection revealed that the solar flare occurred around the heliospheric current sheet.

When the energetic solar protons are emitted into the heliospheric neutral sheet structure, these solar protons easily spread
widely, resulting in the widespread solar energetic protons.

Figure:
The dependence of the time-delay of the solar proton arrival after the solar flare upon the heliographic position of source
flares (from the data in https:/sites.google.com/view/pstep-sep-cdaw2/home).
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Effects of the heliospheric boundary and pitch angle scattering by waves on the
transport of galactic cosmic rays

#Kotaro Yoshida'),Shuichi Matsukiyo'-?),Haruichi Washimi®),Fumiko Otsuka®), Tohru Hada?

(1IGSES, Kushu Univ.,(?i-SPES, Kyushu Univ.

Galactic cosmic rays (GCRs) coming from interstellar space, propagate deep inside the heliosphere and reach the Earth.
Their behaviors are very complicated because of 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.

We conduct test particle simulations using the electromagnetic field data of the steady heliosphere reproduced by a global
MHD simulation. We analyze particle orbits and statistics of GCRs with Lorentz factor y from 10 (~10GeV) to 1000 (~
1TeV) that reached the inner boundary at 50 AU. We reported previously that GCRs with y =10 enter from anywhere in
the heliosphere and are more likely to reach high latitude region on the inner boundary, while GCRs with y=1000 enter
the heliosphere from the heliotail and are more likely to reach the inner boundary of low latitude region. In this study, we
conducted test particle simulations, increasing the number of particles from 3 million to 10 billion, to gain a comprehensive
understanding of the statistical behavior of particles reaching the inner boundary by examining the characteristics of their
particle trajectories. Additionally, we plan to report the results of test particle calculations that incorporate the effects of
pitch-angle scattering due to waves in the heliosphere.

SRIMTFH AR IIORFEZE T & D 1D THEME L EHB) 2 528 L CHiERIC AR 3 3, AWIZE0 BRNZ, SR FERSKGEA Y
DEIIBRALHIRE TR > TL 200 FHE L~V THRL., KEEETICET 2 KGEMEDREIZHAO 2T Z
Y THb, Zn—rUL MHD SHETHE SN EFKGEOERSG T — 2 2HVT, v—L Y YRET y=10 (~10GeV)
~1000 (~1TeV) DIRMFHMEBL 727 2 PRLTOEE 2 FHE L. MHD FHEOAMBESR S0AU IZEGE L /2R 712D
W R To TW3, ZTHETOMETIE. v=10 DR TFHRKGED Y 255 THRA LNEBREROESEER ICEES
32k, y=1000 DR FOKGEEE» SREALPLT S WHEROEBERICEE LTV I R EDIHL IR 272,
ARIFFE T, FTFE0% (300 J7fEA 5 100 EEIC) KIEICHEP Lz KB 7 X M FEtEEZITV. WHIBERICERE S 280
FOHNI 2 F VR ZOR FHEOEMIC E CHAAATHET 2, H5ICKBENTORENCL S Ly FMEELD
MREEZERE LT X MIFHEORRICOVWTHHET I TETH 5,
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Numerical study of evaluating the polytropic index in the heliosheath
#Ken Tsubouchi®)
(I The University of Electro-Communications

The pickup ions (PUIs) generated from the charge exchange between interstellar neutral particles and solar wind plasma are
estimated to constitute about 25% of the total plasma and contribute to the majority of the energy density in the heliosheath.
Therefore, quantitative verification of the contribution of PUIs is necessary to elucidate the thermodynamic characteristics
resulting from the interaction between the solar wind and the interstellar plasma. Accurate evaluation of the polytropic
index is particularly significant as it characterizes the energy transport during solar wind propagation. Previous analysis
of observational data suggests that the polytropic index is subadiabatic (<5/3) within the termination shock, whereas >2
inside the heliosheath. It must be due to the plasma heating by the dissipation of waves generated by PUIs and through the
termination shock. We have previously demonstrated through numerical simulations that the energy distribution in the plasma
within the heliosheath varies according to the PUI density. In this study, we further advance these analytical results to identify
the relationship between the PUI density and the polytropic index. It aims to deepen our understanding of energy transport
characteristics between plasmas within the heliosheath.
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Electron acceleration at quasi-perpendicular shocks above and below the whistler
critical Mach numbers

#Fumiko Otsukal),Shuichi Matsukiyol) JMitsuo Oka?

(1IGSES, Kyushu University, ?UC Berkeley

Non-thermal electrons with power-law energy spectra are directly observed at the quasi-perpendicular Earth’s bow shock.
Analysis of Geotail data at the Earth’s bow shock showed hard spectra of electrons in the supercritical regime, where the
upstream Alfven Mach number, M 4, is above the so-called whistler critical Mach number (Oka et al., 2006). However,
the underlying mechanism of the power-law formation remains unclear in the supercritical and subcritical regimes. In this
study, we performed several runs of 1D particle-in-cell simulations of quasi-perpendicular shocks with shock angles ranging
from 65 to 85 degrees and M 4 from 3 to 8. The upstream plasma beta is 0.3 and ion to electron mass ratio is 625. In the
subcritical regime, the simulations showed that high-energy electron can penetrate upstream. This behavior is correlated with
the presence of whistler wave trains emitted towards the upstream region. On the other hand, in the supercritical regime, the
high-energy electrons are generated locally in the narrow region of the overshoot magnetic field. The electrons are accelerated
via Landau resonance with the electrostatic field of the phase-standing whistler wave embedded in the overshoot magnetic
field. We will compare the statistics of electrons, such as energy spectra, spatial and pitch-angle distributions of high-
energy electrons, between the supercritical and subcritical regimes. Furthermore, we will discuss the electron acceleration
mechanisms, by analyzing the trajectories of highly accelerated electrons in both regimes.
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Resolving a problem in the analysis of flux ropes based on Grad-Shafranov equa-
tion

#Katsuhide Marubashi®) ,Daikou Shiota?),Yuki Kubo®) ,Hiroshi Hasegawa®),Munetoshi Tokumaru®

(INational Institute of Information and Communications Technology, *National Institute of Information and Communications
Technology (NICT),(®National Institute of Information and Communications Technology, *Institute of Space and Astronau-
tical Science, ®Institute for Space-Earth Environmental Research, Nagoya University

The reconstruction method based on Grad-Shafranov equation is widely utilized in analyzing the structures of interplan-
etary magnetic flux ropes. This method is valid only under the two conditions: (1) that the flux ropes are essentially of
2-dimensional structure, and (2) that the observed magnetic field variations are due to spatial structure with no temporal vari-
ations involved. Actually, however, many flux ropes are expanding along their propagation from the Sun, that is, they must
be taken as the time-varying structures.

Though this problem has been studied by Hasegawa et al. (JGR, 2014), the method has not been applied to sufficient
number of the observed flux ropes. We developed a method to derive the spatial change along the spacecraft orbit for the
flux rope expanding in a self-similar fashion, for which it is valid to apply the Grad-Shafranov (GS) method (SGEPSS, 2022;
JpGU, 2023). The present study is aimed at making clear the problem in the traditional GS method and the merit of the new
GS method. For easy comparison between the two methods, we analyze the theoretically calculated magnetic field variations
associated with the flux ropes with various expansion rates by the two methods and examine the results from the two methods.
So far, we have found the following:

(1) Two methods yield different results for the direction of the flux rope axis, with larger difference as the strength of the
expansion.

(2) The Grad-Shafranov (GS) equation gradually lose the validness as the expansion effect becomes stronger.

(3) For even stronger expansion effects, the conditions for the GS equation collapses.

Though at the present stage, we don’t analyze the observed flux ropes sufficiently, the above results suggest that we may
need careful examination about the analysis results based on the traditional GS method.

KGR 7 — 7 DAEEHEIE % Grad-Shafranov HFER2 HIRE T 257 (Z 2T GS IELIER) DAL HhbiiTw
b0 ZOIENHILT 57-DI121F. WKa—72 2 e ETH D, WElZEE 3 2 5 E0EH T 2 M52 L%
MEZRELTVE (EEIRBELLEEERV) LW 2ELBARETH B, EBRIZ. BRoe—7R3ERLTWS 2L
MEZ L, FEINCE LT 2858 & B 2 R ITUTR SRV, 2 OB 2 N ER XN TVWSH (Hasegawa et al.,
JGR, 2014) +50kHEREZHF TRV, Texld, BET— 20 oBROMEE L DRV ET GS EE2EH T2 HiE%
EZZ L. SGEPSS - 2022 #k, JpGU-2023 T, ZDHEMHEEZRT I B TE /2, SHEIE. FAHR GS EOFERAM L., ek
7RO GS EOMEREEE T 572012, HImT T LH 65 E 3N 2 KGR DL 7 — X 2 NWA WA IES R
5. 2200HRADBEZ 2B WEMT L, CNETRKALHICR -2 e BHHICEL &,

(1) FROFNEDTHL 21> T, KD SN — MO HFTENCENTENTL 5,
(2) EEDOENRD R L 72 5 124E - T, Grad-Shafranov AFERDOBIA KDL TL 3,
(3) EBIHREDIRELS KD, 1ERARD GSIETIEIFHELIBHELTLE S,

FEZEE, BEe — OB OFEHTICIZE > TWiRng, EOfERIZERTRD GS HEIC X 2 kS RICOWT

X —EREDOBRERENEICR D I ZREL TWD,
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Development of a Radio Telescope for Solar Observation Using FPGA
#Daichi TAKEHARAY Kazumasa Iwai®),Satoshi NOZAWA?2)
(1Nagoya University ISEE,?Ibaraki University Department of Science (Earth Sciences Course)

Flares and coronal mass ejections (CMEs) are the main causes of space weather phenomena. They often emit solar radio
bursts that are observed by radio spectroscopic observations in the metric wave band using radio telescopes, and a variety
of complex frequency spectral structures are observed at the time of their occurrence. Using observations in the meter wave
band, radio telescopes are essential for space weather forecasting, as they can determine the height of the emission region of
a burst based on atmospheric models and can estimate the propagation speed of the radiating region based on time variations
in frequency. In addition, radio telescopes are useful for studying plasma waves because radio bursts which are associated
with various modes of wave phenomena can be observed in the metric waveband even if there is no flare.

We are developing a radio telescope for solar observation that can be easily constructed and operated, with the aim of
improving the accuracy of space weather forecasting and contributing to radio astronomy. This telescope is used for spectro-
scopic observation in the metric waveband.

The details of the telescope under development are as follows: the antenna is a Yagi-Uda antenna, the receiver is a su-
perheterodyne system, the spectrometer is a 1024-point FFT using FPGA, automatic tracking is possible by motor control
based on orbit calculation, and the altazimuth is designed using 3DCAD and printed by a 3D printer. The entire telescope is
controlled by a Raspberry Pi. The bandwidth of the receiver and the time resolution of the spectrometer are designed so that
a typical Type III burst can be detected. However, we found that the quiet Sun cannot be detected as a single antenna and it is
necessary to make an array in order to implement it for scientific solar observation. On the other hand, this telescope can be
used as a teaching tool for radio astronomy. In this presentation, the progress of the development will be presented.

FHRGKHEFLOELRFERNE LT, 7 7anFHEME (CME) REBHIT o s, ZHODHRIIEBEHRAA—A M2
Bt 2 e pHeh, 7L TIEBIREESE R VW X — MU TOBIRDCERNC X T, ZORERICEE CHM
R ART PAREIEAIE NS, X — FUVEHRTOBRAGREZHVWS Z itk b, RRET LV EEEDORMGZRL S
N—Z s DG EROBE X ZRE LD, FBEBORBZLD & B EROGHEE 2 HETE /2D v, BRAEF T
HRATMICE o THERAIRBEREFTH S, 51T, X— MUEHTEZ L7 BRWIEETD, BRARE— FOWE)
HAHICHEE T 2 ERAA— R MBI N Z 720, BREERBIE T 7 X~ OMIEIC DL D,

AFFZTIEFHRRATROMEN LV WTIXEBRREANOEME HIE L, # T HEICHELE X EH 2 T & 2 KEGEH
HERERERFORREZIT > TWVW5a, BEINEIEZA — MU TOTHBRITH 5,

PR OEEFEDOFEICOWT, 7V T HIIUR-FA T ¥ T F. ZEBIEZZA——ATu XL Y HR, 5N FPGA
12& % 1024 5 FFT. HERBREEHLESHIC X 2 T— X HlfTiTW, #EEI1E 3DCAD TREL72d D% 3D Y V& T
EIil 3 %, EmELEOH|EIX Raspberry Pi ZFlWVWT W3, ZEFEDOHIEIE ¥ 735 O R 7 RS (X BB A 7 T BN —
AP TES X5 IEEILTWwa, LaL, Bike LT%G?Z N OB THE—F Y L TIXEERO KRG =0 572
WZehbhoTED, RIEMEENRE LAKGEIHY L TERETZ-0IC@ 7L ALERITSDERD S, 2T,
B CIXER R OBM & U THHMREREREOEEIZ HIE L T\ 5, REM TR OEWIRIICOWTHERE
T3,
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