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

K oltanzanFEERE (CME) SE# KGR, HEREFOFHERREICKEREIE L5 L. ﬁiﬁi\ﬁ
RGHRBREOZ L2 MU TALEHERH L4 > 7 510 B2 MET, 20k tc?m%mfﬂg%@m@ LTl
. KBGD S HIERICE 2 [NEBIC B 2 KIGERSE OEN RARTH 5, BHREIPLDERS > FL— 2 /%:iﬁu
My 2XEMZEMY Y FL—2a >y (PS) BElZ. [ERE - OHEGEIICKBRBEESEEEILZ T2 ) Y T&5F
FE LTROVEREZH LTV, Al R FRHIERBIRMZIIT T, IPS B H O B o &8I E R 2 R L.
50 L Eizbh 7z b KIGE OB 2k LT 72, ZHUc X b EBRIICKBEAESTH KA 2 X 2 TE 0, BfE
HE OEFMEBIMERE O FIFIAFRE L 72> TE D . KMRBUBAHIOREHEL S TH 5. AFFLTIEKGEAILDFE
CFEHRKTIMOMBER L2 HR Y LT, 327 MHz #2817 2 XA TIPS BB O E2HE L TH D, 2oiEH %
W3 %,

KREFBIAD, FRCKERERDE D 5 7DETIXNNY J TV RRMTH S, HEMETEET L, BECE -T2, 2



Z HITE D 7= 8 B fRRE % 4 W) T E D 12.25 kHz 25 24.5 kHz I2ZE L 7=25, IPS BlHNCIZ R E LB %2 5 2 It

QZW%Eéﬁtom&%@%6%V%w®lﬁﬁg%ﬂhk7/&wkb SV —LEAMTE %, X5IZHEFED 64

F XTI RNy TV REET 22 DAEET, Bif 320 F ¥ ALDT I RNV — L7 3 =7 —%2WKTE 5,

—H. 7T FBIURERIIOVTIIEWRT D BRI DDE L HIA L, REZESZENG it EED TV 3, F
BEHA B » OILFEZE S HEIC AN, FEFEEEIC X2 EERBOMEDHEREL TWV5B,

B E O BIHEANCEE L Tid. 2024 FELIEOEFHRIRIZIZIE 100 %ISZE L, BHERKGBEN A x> MEEO IPS Bl
HHREII LT WD, 722 21X 2024 £ 5 HD CME 4 R> TR IPS BN L. BEHR b z2EDTWS, £/
2024 4 10 HOAHIUE 7 L 7 IR ® IPS Bl 7 — X 2B L TE D, CME M ORIEEME AT X 3, SHRIFIEE A
ANY FDYRMERPMHD ¥ 2 2L — a > QT 2D, KBEGETHORER L2 BiET, 25612, 2hsd
OFT = RERWI-HRARHAEE X2 2B EHEe LT, il —&X 7+ —<v b (NetCDF JER) OifEbED SN
TEBH, HEANDEHAIIEE > TWb, —HTiLE, BT —2ADERTH (RFD) OEENEZFICRDODOH L, HE
BZ RFI DFEIC X > TETFT—ZDORENKELE(LT 2 e ERINTEY, SHROBHIZENEICY o TEERH
TH b, XMREEICIE RFI 2FE L 12 ZEREGCPESLEEMOBALBKETH D, SHROMBICBIIZ2ERER
BEYRZLEZOLND,



