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Geochronological Analysis of Mafic Xenoliths within Jurassic Granites of 

Western Iran (2025) 

 

HajiHossein AZIZI (University of Kurdistan, Iran) 

 

First and foremost, I would like to express my profound gratitude to the members of ISEE for their invaluable 

support and hospitality during my two-month stay at ISEE in the summer of 2025. 

During my visit, we successfully completed the following work: 

1. Fabricated approximately 72 glass bead samples using the glass bead machine at ISEE. 

2. Decomposed 20 samples from xenolith and host granite. 

3. Decomposed 72 samples from granite and metamorphic rocks, particularly high-pressure rocks from 

western Iran, in the Department of Earth and Environment. 

4. Measured trace and rare earth elements (REEs) in the 72 whole-rock samples using Inductively Coupled 

Plasma Mass Spectrometry (ICP-MS) (Agilent 7700x) in the Department of Earth and Environment. 

5. Analyzed the major oxide compositions of the 72 samples using X-ray fluorescence (XRF) in the 

Department of Earth and Environment. 

6. Separated and measured Sr-Nd isotope ratios for approximately 20 samples using TIMS. 

7. Conducted U-Pb zircon dating for six samples using LA-ICP-MS. 

8. Traveled to Kwansigakuin to use the Raman spectroscopy microscope for mineral identification. 

9. Utilized the X-ray diffraction (XRD) at ISEE to identify minerals in ten whole-rock samples. 

10. Captured numerous thin section photographs using the high-quality polarized microscope at ISEE. 

11. Used the Scanning Electron Microscope (SEM) at the Nagoya University museum to obtain 

Cathodoluminescence (CL) and Backscattered Electron (BSE) images of zircon grains. 

12. Used the SEM to acquire semi-quantitative data for various silicate minerals. 

13. Held several meetings to discuss our ongoing collaborative projects, such as the joint Li and Be project. 

14. Revised and edited several of our collaborative manuscripts. 

 

We are currently analyzing the results and look forward to publishing our findings in leading scientific journals in 

the near future. These accomplishments were made possible through the unwavering dedication of the ISEE 

members. I would like to express my sincere gratitude to Professor Masayo Minami of the Division for 

Chronological Research, ISEE, for her exceptional guidance and support through this process. Below, I have 

provided the titles and abstracts of our collaborative papers published in international journals in 2025. 

 

1. Daneshvar, N., Azizi, H., Minami, M., Asahara, Y. & Tsuboi, M. (2025). Assessment of lithium potential for 

future exploration in the Ghahavand Plain of Western Iran. Scientific Reports, 15(1), 34798. 

Abstract: In recent years, lithium (Li) exploration has become a global priority, and Iran’s Ghahavand Plain in the 

Hamadan region has emerged as a promising target. The sediments contain lithium-bearing minerals such as 

zabuyelite and pseudoeucryptite, with Li concentrations ranging from 30 to 102 ppm (average 55.1 ppm). 

Geochemical data suggest that the sediments were derived from intermediate to felsic rocks and deposited under 

cool, arid, and weakly oxidizing conditions. Samples from the northern part show higher Li concentrations near the 

lower limit of global lithium deposits, indicating potential for future exploration. The study also enhances 

understanding of lithium distribution and weathering processes in western Iran’s clay plains. 
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2. Azizi, H., Minami, M., Daneshvar, N., Asahara, Y., Matsuzaki, H., Yamagata, T., ... & Shinjo, R. (2025). 

Tracing young subduction beneath northwest Iran: Insights from cosmogenic 10Be recycling and Sr-Nd-Hf 

isotopes in late Miocene volcanoes. Geological Society of America Bulletin. 137 (9-10): 4413–4430 

Abstract: Late Miocene–Quaternary volcanoes in northwestern Iran, with andesitic–dacitic and adakitic 

compositions, record zircon U–Pb ages of 12–2 Ma. Isotopic and geochemical data indicate that magmas were 

derived from partial melting of the subcontinental lithospheric mantle in an active continental margin setting. 

Cosmogenic ¹⁰Be analyses of 40 whole-rock samples show elevated concentrations (>10⁶ atoms/g) in some 

volcanoes, revealing a young metasomatized mantle source. Increasing ¹⁰Be from front-arc to rear-arc regions 

suggests enhanced incorporation of pelagic sediments away from the trench. The findings link Late Miocene–

Quaternary magmatism to the subduction of the Khoy–Oshnavieh oceanic branch of the northern Neo-Tethys, active 

until the Late Miocene. This study emphasizes the significant role of subducted sediments in Pliocene–Quaternary 

magmatism and demonstrates the effectiveness of ¹⁰Be as a tracer of sediment recycling in young arc magmatic 

systems. 
 

3. Azizi, H., Nouri, F., Asahara, Y., Minami, M. & Whattam, S.A. (2025). Continental crust variance between 

post-collisional compressional and extensional domains controlled magmatic activity at Damavand volcano, 

Northern Iran. International Geology Review, 67(1), 60-82. 

Abstract: The study focuses on the Quaternary Damavand stratovolcano (5670 m), the highest mountain in Iran. 

The main rocks are trachyandesite and trachybasalt, with small variations in Sr-Nd isotope ratios (ɛSr +3.2 to +6.4, 

ɛNd −1 to +1). These suggest a metasomatic asthenospheric mantle with minor contributions from oceanic 

subducted sediments and/or carbonatite melts from the deep mantle. The collision of the Arabian and Eurasian plates 

compressed the Iranian plateau, creating compressional and extensional zones. This led to thickening of the crust in 

compressional regions and thinning in extensional areas. Thermal gradient disruptions at these boundaries caused 

mantle and lower crustal melting, producing alkaline rocks. Damavand volcano, located at the junction of 

compressional and extensional zones, has been influenced by variations in crustal thickness along the Alborz 

Mountains, suggesting that these variations are a key mechanism for magmatic activity along the Iranian plateau in 

the post-collision system. 

 

4. Azizi, H., Yara, I., Ali, S.A., Mohammad, Y.O., Asahara, Y., Minami, M., ... & Whattam, S. A. (2025). The 

Penjween gabbro, northeastern Iraq, revealing a forearc hyperextension regime with a slow spreading ridge 

center in the Late Cretaceous. Geochemistry, 85(1), 126241. 

Abstract: In the Zagros suture zone of western Iran, the Penjween ophiolite in northeastern Iraq is significant, 

composed mainly of gabbro and mantle peridotite (tectonite), with minor felsic rocks like plagiogranites and mafic 

members such as pillow lavas and sheeted dikes. The gabbros are compressed between mantle peridotite to the east 

and Jurassic-Cretaceous cherts and Bistun limestone to the west. The chemical composition of the gabbros shows 

low alkaline element contents, with high FeOt and MgO and low K, indicating a tholeiitic affinity. Basaltic rocks 

in the area show slightly higher alkaline elements and LREE/HREE ratios than the gabbros, along with slightly 

higher 87Sr/86Sr ratios and lower 143Nd/144Nd ratios. The basaltic rocks have a strong MORB composition, while the 

gabbros display Ce negative anomalies, indicating hydrated depleted mantle melting. The Penjween gabbros, with 

ages of 98–93 Ma, are 15–10 million years younger than the magmatic activity in the northern Sanandaj-Sirjan zone 

(N-SaSZ) of western Iran (107 Ma). The subduction of the Neo-Tethys beneath the N-SaSZ likely began around 

110 Ma, leading to the formation of nascent oceanic crust near the trench. The development of a spreading ridge 

later resulted in the formation of the Penjween ophiolite in a supra-subduction system, with forearc hyperextension 

allowing large volumes of mantle peridotite to exhumed as a core complex. 
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Further Collaborative Research on PAWR-WISSDOM 3D Wind Field Retrieval, 

GSMaP Precipitation Retrieval, and Visualization Techniques 

 

Chih-Chien Tsai (National Science and Technology Center for Disaster Reduction) 

 

1. Purpose 

Building upon the collaborative foundations established in 2023 and 2024, this project in FY2025 aimed 

to deepen the technical synergy between the National Science and Technology Center for Disaster Reduction 

(NCDR), Taiwan, and the Institute for Space-Earth Environmental Research (ISEE), Nagoya University, Japan. 

The primary objectives were: (1) to refine the 3D wind field retrieval using the Wind Synthesis System Using 

Doppler Measurements (WISSDOM) specifically for Multi-Parameter Phased Array Weather Radar (MP-

PAWR) data; (2) to evaluate and calibrate the Global Satellite Mapping of Precipitation (GSMaP) products 

over Taiwan's complex terrain; and (3) to enhance 3D visualization techniques for meteorological data to 

improve disaster warning capabilities. 

2. Methods 

The research was conducted through continuous data exchange and a formal academic visit to Japan. 

From November 24 to 27, 2025, the NCDR delegation (led by Dr. C.-C. Tsai) visited ISEE. The technical 

methods involved: 

(a) Integrating MP-PAWR observations with WISSDOM for high-resolution wind retrieval to handle the 

rapid-scan nature of phased array weather radar data while maintaining dynamic consistency. 

(b) Comparing GSMaP MVK and MVK-G versions against Taiwan’s dense rain gauge network and 

Quantitative Precipitation Estimation and Segregation Using Multiple Sensor (QPESUMS) radar data. 

(c) Developing advanced web-based 3D visualization modules to display vertical radar echo profiles and 

wind structures. 

3. Results 

Key achievements during this period include: 

(a) WISSDOM and PAWR integration: Evaluated the performance of vertical velocity retrieval over 

baseline areas. Technical discussions focused on terminal fall velocity assumptions and the impact of 

rapid-scan time intervals on dual-Doppler accuracy, providing a more robust framework for capturing the 

evolution of convective updrafts during extreme weather events. 

(b) GSMaP evaluation: Confirmed that while GSMaP-MVK shows strong performance generally, 

challenges remain in the central mountain areas of Taiwan. A tailored calibration approach using local 

observations was proposed, and plans were initiated for evaluating the upcoming G-LINT (April 2026) 

application. 

(c) Visualization tools: Successfully developed 3D wind field and radar echo profile modules using web-

based technologies. These tools allow for more intuitive analysis of convective storm evolution by 
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merging multi-source meteorological data, significantly facilitating more effective communication for 

real-time disaster response. 

(d) Institutional cooperation: NCDR and ISEE officially completed the signing of a Memorandum of 

Understanding (MoU) on April 28, 2025. This agreement establishes a formal framework for 

collaboration in natural disaster prevention and reduction. The scope includes joint research on extreme 

weather (typhoons and heavy rainfall), the exchange of radar and satellite data, and the organization of 

joint workshops and mutual visits to strengthen the disaster warning capabilities of both organizations. 

(e) Collaborative Research: To further accelerate the joint research, Mr. K. Kato from ISEE visited NCDR 

from March 9 to 13, 2026. During this visit, he received intensive training on the installation and 

operation of the WISSDOM system and web-based 3D visualization modules. This hands-on exchange 

has significantly enhanced the technical integration between NCDR and ISEE, laying a solid foundation 

for future software implementation and data analysis. 

4. Periods of stay 

The NCDR delegation (5 persons) visited ISEE from November 24 to 27, 2025. During the visit, intensive 

workshops were held on November 25-26 regarding paper preparation and future research directions. 

Date Location Activity 

Nov 24, 2025 Taipei, Taiwan → Nagoya, Japan Departure from Taoyuan International Airport 

(TPE) and arrival at Chubu Centrair International 

Airport (NGO). 

Nov 25, 2025 ISEE, Nagoya University Technical seminar and workshop: 

(a) Exchange on WISSDOM integration with 

MP-PAWR 

(b) Discussion on 3D visualization modules 

Nov 26, 2025 ISEE, Nagoya University Research consultation and paper preparation: 

(a) Evaluation of GSMaP precipitation products 

over Taiwan's complex terrain 

(b) Discussion on co-authoring international 

journal papers 

Nov 27, 2025 Nagoya, Japan → Taipei, Taiwan Departure from Chubu Centrair International 

Airport (NGO) and arrival at Taoyuan 

International Airport (TPE) 

5. Publications 

Lee, T.-J., Huang, S.-C., Lee, W.-C., Jou, B.J.-D., Tsai, C.-C., Yu, Y.-C., Kao, Y.-C. and Cha, T.-Y. (2025) 

Development of mean wind retrieval methodology for the Generalized Velocity Track Display. Terrestrial, 

Atmospheric and Oceanic Sciences, 36, 15. https://doi.org/10.1007/s44195-025-00091-z 

Chung, K.-S., Tsai, C.-C., Chen, L.-H. and Yang, S.-C. (2025) Convective-scale forecast errors over Taiwan: 

an ensemble analysis of error covariances and their influences. Terrestrial, Atmospheric and Oceanic 

Sciences, 36, 7. https://doi.org/10.1007/s44195-025-00092-y 
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Multipoint observations of Jupiter’s auroral radio emissions 

 

Masafumi Imai (Institute of Atmospheric Physics of the Czech Academy of Sciences, Czechia) 

 

Purpose of the project 

This project focuses on the unique multipoint observations of Jupiter’s auroral radio emissions with 

spacecraft and ground-based radio observatories to estimate the three-dimensional structure of the beaming 

and the source locations. The initial investigation was done by Imai et al. (2017) but limited to a two-case 

study only. By incorporating more observation data from 2016 when NASA’s Juno spacecraft arrived at 

Jupiter, we attempt to retrieve the essential parameters of Jupiter’s auroral radio emissions from a various 

vantage point of views along with the ground-based radio observatories, including the compact Long 

Wavelength Array Niyodo station (LWA-Niyodo) in Japan. LWA-Niyodo consists of eight bow-tie antennas, 

in which each antenna receives two perpendicular linearly polarized powers. The information on Jovian radio 

emissions would be beneficial for comparing with the solar and terrestrial radio counterparts, which are 

actively carried out by ISEE, and would give positive feedback to ESA’s JUICE on-going spacecraft mission. 

 

Visits to ISEE and LWA-Niyodo radio observatory 

The visit of Dr. Imai and Dr. Boudouma to ISEE took place from 1 to 4 September, followed by a visit to the 

LWA-Niyodo radio observatory in Kochi from 5 to 8 September, prior to their attendance at a conference 

held in Osaka as part of EXPO 2025. The ISEE International Joint Research Program supported the 

international and domestic airfares, while the remaining expenses were funded by the Lumina Quaeruntur 

Fellowship 2024 (awarded to M. Imai). In collaboration with Prof. Iwai and his students, the visit was 

devoted to discussions of preliminary results on multipoint observations of Jupiter’s auroral radio emissions 

and improvements of the LWA-Niyodo instrumentations, and recent results on Jovian millisecond short 

bursts (S-bursts) obtained from the LWA-1 and LWA-SV radio telescopes in the United States. Following 

this visit, M. Imai and A. Boudouma traveled to the LWA-Niyodo radio observatory to maintain the current 

observation system and to further discussions on the possible upgrade of the observatory. 

 

Presentations and Publications with acknowledgements to ISEE 

This project produced four presentations, including those reporting the first results from the LWA-Niyodo 

radio observatory. These results were published in the peer-reviewed proceedings. 

(1) Presentations 

1. Imai, M., T. Ono, and K. Imai, Compact Low-Frequency Radio Observatory LWA-Niyodo in Japan (Poster), 

Planetary, Solar and Heliospheric Radio Emissions (PRE) X Conference, Marseille, France, June 11-13, 2025. 

2. Imai, M., Czech Contribution to the Exploration of the Solar System (Oral), Photonics, space, lasers: Designing the 

future society - Vision 2040, Czech Pavilion, EXPO 2025, Osaka, Japan, September 9-11, 2025. 

3. Imai, M., T. Ono, and K. Imai, New Compact Low-Frequency Radio Observatory LWA-Niyodo (Poster), SGEPSS 

Fall Meeting 2025, Kobe, Japan, November 24-27, 2025. 
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4. Boudouma, A., M. Imai, E. Mauduit, C. Fournier, A. Lecacheux, L. Lamy, C. A. Higgins, and T. Clarke, Statistical 

characteristics of the Jovian S-bursts from Juno-supporting LWA and NDA radio observatories (Poster), American 

Geophysical Union Fall Meeting, SM13E-2033, New Orleans, Louisiana, December 15-19, 2025. 

 

(2) Publications 

1. Imai, M., T. Ono, and K. Imai, Compact Low-Frequency Radio Observatory LWA-Niyodo in Japan, in Planetary, 

Solar and Heliospheric Radio Emissions X, edited by L. Lamy, C. K. Louis, G. Fischer, D. Morosan, and P. Zarka, 

OSU Pythéas/AMU, Observatoire de Paris, Preprint, doi:10.25935/prex-mz59, 2026. 

A paper led by A. Boudouma is currently in preparation. 
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Study of solar flares using high-cadence data of Nobeyama Radioheliograph 

 

Jeongwoo Lee (New Jersey Institute of Technology) 

 

 

 

Through the ISEE International Joint Research Program in FY2025, we investigated solar flares 

from two complementary perspectives. One focuses on solar X-ray bursts using state-of-the-art 

data-constrained magnetohydrodynamic (MHD) simulations, while the other examines a newly 

identified class of solar energy release characterized by extremely short injection times, revealed by 

unique high-cadence observations. 

The first study, led by Keitaro Matsumoto, aims to understand the magnetic structure and evolution 

responsible for particle acceleration through stereoscopic observations of solar X-ray sources 

combined with data-constrained MHD simulations. This work analyzes the X7.1-class flare that 

occurred on 1 October 2024 in NOAA active region 13842. It integrates stereoscopic hard X-ray 

(HXR) observations from the Advanced Space-based Solar Observatory/Hard X-ray Imager and 

Solar Orbiter/STIX with a three-dimensional MHD simulation constrained by observed 

photospheric magnetic fields. Mr. Matsumoto visited ISEE from May 19–23 and June 2–6 (10 days 

total) for in-depth discussions with ISEE experts opn MHD and hard X-rays. 

The second study investigates the discovery of a novel class of solar energy release events 

identified in the high-cadence solar flare database of the Nobeyama Radioheliograph (NoRH). 

These events are characterized by extremely impulsive microwave bursts with sub-second rise times, 

resolved using 0.1 s cadence observations under the “event mode” of NoRH. The analysis involves 

subtracting short-duration pulses from the varying background to determine net flux and 

characteristic rise and decay times. We investigated such events in NOAA active region 12192 

located near the western limb on 28-29 October 2014, known for its complex light-bridge structures 

and associated Hα jets. 

We found several distinct properties of these microwave bursts. First, due to their short duration and 

compactness, they are not detected in GOES X-ray light curves. Instead, EUV flux from SDO/AIA 

is used to explore their relationship with thermal emission. A Neupert-like relationship appears to 

exist, but in an extreme form: the EUV emission begins earlier and persists much longer than the 

microwave bursts, making the causal connection unclear. Second, these events preferentially occur 

near light bridges, suggesting a vertical magnetic configuration, supported by NoRH 17 GHz 

polarization maps and NLFFF extrapolations from HMI magnetograms. The EUV response often 

manifests as jet-like features along vertical magnetic structures. High-resolution H data from the 
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PI’s institute were also used to complement the fine scale energy release. Finally, the statistical 

relationship between flux and rise time differs significantly from that of typical flares, suggesting a 

distinct energy release mechanism involving rapid nonthermal electron injection on fine timescales. 

These findings are particularly significant in light of the growing emphasis in solar physics on 

fine-scale energy release processes. The second paper is currently in preparation and will be 

submitted to The Astrophysical Journal Letters. For this project, PI Jeongwoo Lee visited ISEE 

from January 26 to February 13, 2026 (18 days).  

 

Publications: 

 

Matsumoto, K.; Inoue, S.; Wang, M.; Krucker, S.; Masuda, S.; Stiefel, M. Z.; Lee, J.; Chen, B.; 

Wang, H., “Stereoscopic Observations of Solar X-Ray Sources Explained by a Data-constrained 

Magnetohydrodynamic Simulation” ApJ Letters, 998, L28/10.3847/2041-8213/ae4000, 2026  

 

Lee, J.; Matsumoto, K.; Masuda, S.; Bong, S-C.; Kim. S. “Less Is Different: Jet-Producing Solar 

Microwave Bursts with Subsecond Rise Times” ApJ Letters, in preparation, 2026 

 

 

Meeting Presentations: 

 

Lee, J. et al. "First Joint Observations of EUV Jets and Spicules with Solar Orbiter and BBSO," 

Solar Orbiter-IRIS-ADITYA Joint Workshop, Berlin, Germany, 15–20 Mar 2026 

 

Matsumoto, K. et al. "Stereoscopic Non-thermal Observations with a Data-Constrained 

Magnetohydrodynamic Simulation of the X7.1 Solar Flare on 2024 October 01," JpGU-AGU Joint 

Meeting, Chiba, Japan, 24-29 May, 2026 
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Categorizing Banded Chorus Waves Using Arase Data    

   

Kyungguk Min (Chungnam National University) 

 

 

The main motivation of this project is to make use of the Arase data to better understand the conditions in 

which banded chorus waves in the magnetosphere are generated. The in-person discussion occurred during the 

week of Sep. 1, 2025, when the team members got together at ISEE. The two research topics that we mainly 

discussed, and for which we have the results to report, are 1) the observational correlation between banded 

chorus waves and localized electron density enhancements to test a banded chorus generation hypothesis and 

2) the application of the newly proposed subtracted-kappa velocity distribution to electron cyclotron harmonic 

(ECH) waves in the magnetosphere. This summary reports the progress we made about these two research 

topics, while categorization of banded chorus waves from the Arase data is still in progress. 

 

As for the first topic, one of the hypotheses of banded chorus generation is the propagation effect by localized 

density ducts. It has long been suggested that the upper and lower bands of banded chorus are generated 

independently from spatially separate source regions. In particular, a recent study hypothesized that waves in 

the lower band propagate along a field line guided by a field-aligned density duct, while waves in the upper 

band cross multiple field lines before being observed, thereby coming from a distance source region. To test 

this hypothesis, we proposed to investigate the correlation between localized electron density enhancements 

and banded chorus events using satellite data. Initially, we also planned to use the Arase data, but later decided 

to focus on the Van Allen Probes data only. We found that (1) half of the banded chorus events are associated 

with small peak-to-base density irregularities (the ratio <1.3); (2) only 28% of the banded chorus events 

occurred with enhancement ducts, with radial extents 10–600 km and peak-to-base ratios ≲3; and (3) for these 

28% events occurring with ducts, no strong correlation between lower band and duct parameters is found. 

Although there is a slightly more preference of banded chorus occurrence with moderate-to-large density ducts, 

the overall results seem to suggest that the correlation present in the data is not strong enough to consider this 

hypothesis being the major generation mechanism. As of this writing, the manuscript describing these results 

is under review. 

 

As for the second topic, being mostly collisionless, space plasmas typically possess features in velocity 

distribution functions (VDFs) that deviate from the Maxwellian distribution. Progression of such VDFs 

towards the stable distribution typically generates various plasma waves which play an important role in 

transport and dissipation of energy in the system. The two of non-Maxwellian features commonly found in 

space plasmas are the loss-cone distribution which can generate ECH waves and fast magnetosonic waves in 

the magnetosphere, and the high-energy tail distribution that appears to be omnipresent in various space plasma 

environments. Recently, Summers and Stone (2025) proposed a substracted-kappa (SK) distribution that 

includes both features, and we carried out linear analyses and particle-in-cell simulations of ECH waves driven 
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by the SK distribution. Specifically, we focused on understanding the effect of the kappa index and the 

parameters controlling the loss-cone depth and width. We showed that the maximum growth rates increase 

monotonically with kappa and with loss-cone width, and that the concentration of hot electrons leads to 

transition of unstable modes to lower harmonics. The simulations further revealed that the energetic electron 

scattering and wave saturation process as a result of wave-particle interactions depend on the wave propagation 

direction. This study is important in that not only does it represent the first systematic investigation of ECH 

instability driven by a loss-cone distribution with suprathermal tails modeled by the SK distribution, but it also 

demonstrates the robust capability of SK distribution as a tool for analyzing kinetic waves and instabilities in 

space plasmas. The results of this study have recently been published. 

 

Publications  

Kyungguk Min, Yoshizumi Miyoshi, and Kaijun Liu, Linear analysis and PIC simulations of electron cyclotron 

harmonic instability driven by a subtracted-kappa velocity distribution, Phys. Plasmas 32, 122901 (2025); doi: 

10.1063/5.0305058 
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Airglow imaging at mid-latitude: instrumentation and scientific exploitation 

 

Frédéric Pitout (IRAP, University of Toulouse) 

 

 

Summary 

 

I visited ISEE from Tuesday 13 January to Friday 30 January. The aim of this (first) visit was to familiarise 

myself with Professor Shiokawa's scientific activities and to benefit from his advice and guidance on how to 

observe airglow emissions, as part of our collaboration. My stay gave me a better understanding of the physics 

of atmospheric gravity waves and meso-scale ionospheric disturbances, as well as a better idea of how to 

observe them. This first visit at ISEE was done in the framework of the growing collaboration between Prof. 

Shiokawa’s team and Thomas Lheureux and myself about the observation of airglow at middle latitude.   

 

Context 

 

Solar-terrestrial physics and space weather involves studying, understanding and predicting the response of 

the Earth's space environment (upper neutral atmosphere, ionosphere, magnetosphere) to solar activity. There 

are a variety of study methods: ground observation, remote sensing from the ground, space observations (in 

situ), modelling, etc. As far as observation is concerned, there is a region that is often poorly observed and yet 

plays an important role in the coupling between different envelopes. This is the neutral upper atmosphere 

(mesosphere and thermosphere) and the ionised upper atmosphere of mid-latitude regions.  

 

The neutral upper atmosphere plays a relatively minor role in the dynamics of the ionosphere at high latitudes, 

which is governed by the convective electric field and therefore by the couplings with the magnetosphere and 

the solar wind. On the other hand, at low and mid-latitudes where convection is no longer involved, ionospheric 

dynamics are controlled by the neutral atmosphere. The latter plays an essential role in the formation of the 

equatorial electric current (electrojet) and also determines the asymmetries of the ionospheric plasma density 

crests on both side of the magnetic equator. 

 

As for the equatorial ionosphere, although it is not directly connected to the external environment, variations 

in the solar wind and the interplanetary magnetic field have effects on the upper atmosphere at low latitudes 

via atmospheric disturbances that propagate from the poles towards the equator. The passage of these 

disturbances at our latitudes is relatively little observed and studied. 

 

In order to remedy this lack of measurements of the neutral upper atmosphere at mid-latitudes, we propose to 

observe the airglow at the Pic du Midi observatory in the south-west of France (42° 56′ 11″ north, 

0° 08′ 34″ east). These spontaneous de-excitations of chemical species in the upper atmosphere occur, for 
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example, during the dissociative recombination of the O2

+ ion, following the photodissociation of the molecular 

oxygen O2 or other chemical reactions. 

 

These observations will be made by 3 all-sky cameras based on the instrumental specifications proposed by 

Prof. Shiokawa and his team. They are built with low-cost parts : a lens that allows the entire celestial vault 

to be viewed at 2π sr, an affordable camera, and one of 3 filters centred on the following wavelengths: 

- 700-1000 nm, corresponding to the OH hydroxyl emission band (peak emission around 90 km altitude); 

- 557 nm for the green line of atomic oxygen O (peak emission around 150 km); 

- 630 nm for the red line of the same atomic oxygen (peak emission around 250 km). 

 

These instruments will make it possible to visualise the dynamics of the neutral upper atmosphere and in 

particular to monitor the passage of atmospheric and ionospheric disturbances (Travelling Atmospheric 

Disturbances, TAD, and Travelling Ionospheric Disturbances, TID). Those images will be used to visualise 

atmospheric dynamics, as already mentioned, and will be compared with data from the ionosonde recently 

installed at the Centre for Atmospheric Research (CRA), near Pic du Midi. 

 

At IRAP, we have purchased all the necessary equipment and through this application, we hope to strengthen 

our collaboration with Prof. Shiokawa’s team and to gain experience from them in terms of instrumental setup 

and scientific exploitation of the image sequences.  

 

Outcome 

 

Many valuable discussions with Prof. Shikawa allowed me to better understand the underlying physics of 

airglow emission, gravity waves and travelling atmospheric/ionospheric disturbances. We also discussed 

technical points of how to observe these emissions and how to ideally set up the cameras and the structures 

that accommodate them. 

Prior to my visit, Mr. Thomas Lheureux, PhD under my supervision, had beneficiated from the SCOSTEP 

Visiting Scholar program and also visited Pr. Shiokawa’s team at ISEE in June 2025. My visit came as an 

inteiresting follow up of Mr. Lheureux’s. 

As part of our collaboration and informal agreement, our airglow observations at Pic du Midi observatory will 

be made available through ISEE’s OMTI database. 

Once the cameras at Pic du Midi are installed and in operation, Mr. Lheureux will be writing a technical paper 

about the setup and, hopefully, the first science results will come shortly after. 
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Improving research infrastructure for spaceborne and airborne active-sensor remote sensing of cold 

clouds  

 

Masanori Saito, University of Wyoming 

 

Executive Summary of the Project 

The main goals of the project are 1) the improvement of the Satellite Data Simulation Unit (SDSU) 

by incorporating the nonspherical ice scattering database, 2) a consideration of the development of 

the Airborne Data Simulation Unit (ADSU), and 3) a presentation regarding the utility of the 

airborne remote sensing techniques for cold cloud research. During the two-week secondment from 

7/27/2025 to 8/8/2025, I have performed the aforementioned research and educational tasks.  

 

The first task is the incorporation of the state-of-the-art scattering table of nonspherical ice 

hydrometeors into SDSU to further enhance its capabilities of simulating spaceborne radiometric 

signals from cold clouds. I have developed the ice crystal optics model as illustrated in Fig. 1. In the 

hydrometeor module of the current version of SDSU, I have made the following changes: 

▪ Merged mie_sphere.f90 and mie_sphere_vir.f90 into mie_sphere.f90 

▪ Added ice_nonsphere.f90 and iceLUT.f90 

▪ Changed the name rule from mie_XXXX.f90 to opt_XXXX.f90 

▪ Modified opt_cldi.f90 and opt_cldi_vir.f90 to call ice_nonsphere subroutine 

▪ Added logical parameter of cldi%spherical to microp_set.f90 

▪ Added an ice single-scattering look-up table as a binary file 

With these improvements, the SDSU can account for ice crystal non-sphericity, resulting in more 

accurate satellite data simulations under ice cloud conditions. While the current implementation is 

computationally moderately expensive, the array treatment in Fortran codes can be optimized to 

speed up the computational efficiency for practical use.  

 

 

Figure 1. An illustration of the ice crystal geometry models considered in the optics table. 
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The second task is the consideration of the potential of SDSU to design and propose modifications 

for the development of ADSU in the following years. The updated version of SDSU has a module 

structure, and I found that it was easy to incorporate new modules (e.g., airborne FOV simulator) to 

the current system. Therefore, I conclude that it does not require substantial effort to develop 

ADSU from the updated version of ADSU. In addition, I gave a presentation at the ISEE Airborne 

Seminar and CICR Colloquium on August 4, 2025, as the third task. I disseminated the utility of 

airborne remote sensing in cold cloud research and funding mechanisms in support of the national 

airborne research facilities in the U.S. There were fruitful discussions about the possibility of 

airborne remote sensing for observation-driven cloud microphysics research.  
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Biogeochemical Role of Green Noctiluca Blooms  

in the Eutrophicated Coastal Environment 

 

Anukul Buranapratheprat (Burapha University, Thailand) 

 

Introduction 

In the eutrophicated Upper Gulf of Thailand (UGoT), strong stratification during the late rainy 

season often leads to bottom hypoxia, causing serious damage to fisheries and aquaculture. In recent years, 

blooms of green Noctiluca scintillans, a mixotrophic dinoflagellate hosting symbiotic algae, have also 

increased, particularly during the rainy season. Although Noctiluca is typically concentrated near the surface, 

its associated organic matter may sink and decompose in bottom waters, potentially contributing to hypoxia. 

This study aims to clarify the relationship between Noctiluca blooms and hypoxia. Since 2023, time-series 

observations of sinking particles and bottom sediments have been conducted in summer in the northeastern 

UGoT. Here, we summarize the 2023 results and the 2025 observations, along with future perspectives. 

 

Observations in 2023 

Field observations were carried out from June to July 2023 at an oyster farming site (Bang Saen, 

Fig. 1a). Three sediment trap deployments (~3 days each) were conducted to collect sinking particles near 

the seafloor. Samples were processed at Burapha University for chemical analyses and incubation 

experiments to determine oxygen consumption rates (OCR). For OCR measurements, trap supernatant 

seawater was placed in sealed bottles, to which trap particles were added. Incubations were performed in the 

dark at 30°C for 24 hours. Dissolved oxygen was monitored using an optical sensor, and OCR was calculated 

from the decrease in oxygen concentration. 

The third deployment (M3) showed the highest particle flux (Table 1) and contained abundant 

fluffy organic aggregates. This coincided with a Noctiluca bloom observed on July 3 (Fig. 1b), suggesting 

that aggregates containing Noctiluca-derived organic matter enhanced particle flux. Surface Noctiluca 

densities reached 3,600 cells L⁻¹, while the diatom Chaetoceros spp. was also abundant (Fig. 2b, c). 

Settling experiments showed that Noctiluca initially remained near the surface, whereas Chaetoceros 

accumulated at the bottom (Fig. 2a). However, within four days, Noctiluca aggregated and sank, indicating 

its potential contribution to vertical particle flux. Stable isotope analyses further revealed distinct δ¹³C and 

δ¹⁵N signatures between Noctiluca-derived and other organic matter (Fig. 3), suggesting that these sources 

can be differentiated isotopically. 

OCR experiments demonstrated increasing rates from M1 to M3 in both control and 

particle-amended samples, with the highest particle-derived oxygen consumption (ΔOCR) observed in M3 

(Fig. 4). This indicates that bloom-derived particles had the highest bioavailability, supporting a close link 

between Noctiluca blooms and hypoxia development. Further analyses integrating chemical composition are 

ongoing. 
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Observations in 2025 

In August 2025, sediment trap experiments were conducted at a bivalve aquaculture site (Siracha), 

with two deployments lasting five and three days. Although Noctiluca densities were lower than in 2023, the 

organism was consistently observed during five surveys over approximately two weeks. 

The highest density (~387 cells L⁻¹) occurred during the first deployment (August 8) and likely influenced 

particles collected on August 13. Ongoing analyses combining Noctiluca abundance, size distribution, and 

stable isotope data of the cells, trapped particles and sediments will evaluate short-term variability in the 

contribution of Noctiluca-derived organic matter to seafloor carbon flux. Samples were pretreated at Burapha 

University. 

 

Visit to Nagoya University 

From December 1–11, 2025, I and two master’s students visited Nagoya University and conducted 

stable isotope analyses using ISEE facilities under the supervision of Dr. Yoshihisa Mino. We received 

training from basic principles to advanced analytical techniques. I also presented a seminar on hypoxia in the 

UGoT and received valuable feedback. 

 

Publication 

A manuscript based on this study is currently in preparation. 
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The spatial features of ionospheric plasma bubbles over wide longitudes and the 

seeding source from medium-scale traveling ionospheric disturbances 

 

Principal Investigator Wenjie Sun (Institute of Geology and Geophysics, Chinese Academy of Sciences) 

 

 

Under the support of the ISEE International Joint Research Program, I was able to take the opportunity to 

visit the beautiful Nagoya University and spent about two months in Japan to conduct collaborative 

researches on ionospheric irregularities with Otsuka Sensei. I joined the group of Otsuka Sensei from 10th 

October to 06th December 2025, during which I visited Huixin sensei in the beautiful Kyushu University on 

20th November 2025. 

During my stay in Nagoya, I have had intensive discussion with Otsuka Sensei on ionospheric disturbances 

and irregularities, mainly on ionospheric plasma bubbles and their seeding sources from wave structures. We 

also talked about the possible research fields based on the expanded capability of general all-sky meteor 

radars, including ionospheric E-region irregularities, plasma bubbles, bottom-type scattering layers, as well 

as lower-atmospheric activities, i.e., thunderstorm related activities. Otsuka Sensei gave me many nice 

suggestions on my future studies and on how to become a better researcher. Otsuka Sensei also invited me to 

have Japanese hot pot, which is very delicious and I love it very much. I also enjoyed the group seminar 

every week and it is my honor to make a presentation on the seminar before my departure. During my stay, 

Dr. Xu Zhou came to visit me and I followed him back to Fukuoka to visited Kyushu University on 20th 

November, talking with Huixin sensei on ionospheric irregularities. It is also my honor to make a 

presentation on the seminar of Huixin sensei’s group. We talked and discussed extensively on sporadic E 

layers and plasma bubbles, which are inspiring on my research works. It’s relevant to mention the nice 

experience of sharing the same office with Dr. Manu Varghese during my stay. We have known each other 

before in China and I’m very happy to meet him in Nagoya University. We spent many good time talking 

about researches, cultures in different countries, life in Japan and China, and our hobbies. 

In summary, the visit to Nagoya University under the ISEE International Joint Research Program is a 

wonderful and interesting experience for me, which is of great importance for my research career. During my 

stay, I have finished two manuscripts regarding plasma bubbles and sporadic E respectively. I am very 

grateful to Otsuka sensei for providing this great opportunity to me and hope to conduct further collaboration 

on multiple topics in the near future.  

Below are the completed manuscript which have been submitted and are under review now. 

1. Wenjie Sun, Yuichi Otsuka, Guozhu Li, Prayitno Abadi, Zequan Wang, Guofeng Dai et al., 

Thousand-kilometer-scale wavelike undulations in ionospheric plasma bubble lifetime and development over 

wide longitudes. Under Review; 

2. Wenjie Sun, Yuichi Otsuka, Guozhu Li, Zhe Yang, Xiukuan Zhao, Lianhuan Hu et al., Relatively intense 

daytime GNSS amplitude scintillations at middle latitude linked with multi-layered strong Es structures. 

Under Review 
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Figure 1. Photo with (left) Otsuka sensei and (right) Huixin sensei 

 

 

Figure 2. Some impressive sceneries in Nagoya University 
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Characterization of ionospheric threats to Ground Based Augmentation System 

during the super geomagnetic storms in May and October 2024 

 

Patrick Mungufeni (Physics department, Muni University, Arua City, Uganda) 

 

Purpose of the research: The objectives of the research were to; (i) Identify and analyze severe 

space weather events that occurred around the peak of solar cycle 25. (ii) Use the 

network of Global Navigation Satellite Systems (GNSS) receivers over Japan to 

compute differential corrections during severe space weather events. (iii) Use the 

differential corrections to characterize ionospheric threats to GBAS. (iv) Use Total 

Electron Content data obtained from GNSS receivers over Japan to quantify 

occurrences of ionospheric irregularities manifested as ionospheric threats. 

Methods: The Disturbance storm time (Dst) and planetary Kp index data obtained from 

http://swdcwww.kugi.kyoto-u.ac.jp/ were analysed to identify the super geomagnetic 

storms that occurred around the peak of solar cycle 25. The storm that occurred in May 

2024 was characterized with minimum Dst -406 nT and peak Kp index of 9. The storm 

in October 2024 consisted of two successive storms. The first was associated with a 

minimum Dst -148 nT while the second with Dst -309 nT. The highest Kp index during 

the first storm was 7 while in the second storm, it was 9. The receiver independent 

exchange (RINEX) data files obtained during the storms from the network of Global 

Navigation Satellite System (GNSS) receivers over Japan were analysed to obtain 

pseudo ranges measured by the satellites observed by the receivers. A cluster of 4 GNSS 

receivers separated by a distance of < 30 km (typical ground coverage of GBAS) was 

identifed. Using the precise Cartesian coordinates of the Global Positioning System 

(GPS) satellites provided in SP3 files and the surveyed locations of the ground receivers, 

the exact distances to the satellites were determined and subtracted from the pseudo 

ranges to yield pseudo range errors. 
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Results: The data of solar wind speed (Sw), magnitude of Interplanetary Magnetic Field 

(IMF) (B), the z-component of B (Bz) and the proton density (Np) obtained from the 

website:  http://omniweb.gsfc.nasa.gov/form/omni min.html were analysed during the 

periods of identified super storms. During May, 2024, Sw increased up to ∼900 kms−1, B 

increased up to ∼50 nT, Bz, reached below -30 nT, Np increased up to ∼35 Ncm−3. 

Regarding the storm in October, 2024, Sw increased up to 700 kms−1, B increased up to 

40 nT, Bz reached below -30 nT, Np increased up to ∼30 Ncm−3. The averaged pseudo 

range errors associated with the satellites observed by the receivers in the cluster were 

mostly < 200 km (1% of approximate distance of GPS satellite from the Earth’s surface). 

The standard deviations of the errors which yielded the averaged values were mostly < 

5 m. High values of standard deviation were associated with occurrence of ionospheric 

threats where links from receivers in a cluster to a particular satellite pass through 

varying ionospheric media. The cases of number of standard deviations > 5 meters 

increased from 16 % up to 28 % when the peak of the super storm in May 2024 was 

attained. The evidence of ionospheric variability which resulted in the high cases of 

pseudo range error standard deviations were demonstrated with the variation of 

number of rate of change of TEC (ROT) standard deviations > 0.05 TECU/min. The 

percentage of ROT standard deviation > 0.05 TECU/min, increased to ∼27 % on 11 May 

2024 (main phase of Geomagnetic storm). The variations of the number of pseudo range 

error standard deviations > 5 m during the storm in in October 2024 was moderate 

compared to that in May 2024 as different storms impact the ionosphere differently. 

Similar to the variation of pseudo range error standard deviations, the variation of 

number of ROT standard deviations > 0.05 TECU/min showed moderate ionospheric 

variability in October 2024 compared to that in May 2024.  

Periods of stay in ISEE: I arrive at ISEE on 16th September 2025 and departed on 24th October 2025. 

List of Publications: I am still analyzing more data to improve the manuscript draft. The results outlined 

in this report were presented on October 23, 2025 at 4:30 pm during the Division for 

Ionospheric and Magnetospheric Research Seminar. 
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Study of energetic particles in the Earth’s inner magnetosphere using Arase observations and 

simulations 

Sandeep Kumar (NASA, GSFC/ CUA) 

 

Research Summary: 

 

Purpose: 

During geomagnetic storms, plasma sheet particles are transported earthward, energized, and trapped 

by the Earth's magnetic field to form the westward ring current (a few to a few hundreds of keV). The 

anisotropic ring current ion and electron distributions generate diverse wave modes (electromagnetic 

ion cyclotron (EMIC), whistler, and magnetosonic), which may cause further particle acceleration 

and loss through energy and pitch angle scattering. Ring current electrons with energies of tens of 

keV are often referred to as the "source" population of the radiation belts. Additionally, plasma 

pressure gradients play a critical role in plasma dynamics and the generation of electric currents in 

the inner magnetosphere. Thus, it is essential to understand plasma pressure (energy density) variation 

and dynamic changes in the spatial structure of ring current ions and electrons. 

Therefore, the main purpose of our research is to investigate the wide range of energies, 

plasma/particles in the inner magnetosphere using Arase observations and simulations to understand 

storm-time ring current and radiation belts.  

 

Methods: 

We utilized Arase observations of particles in the inner magnetosphere to conduct statistical analysis 

for ring current pressure variations during Co-rotating Interaction Regions (CIRs) and Interplanetary 

Coronal Mass Ejection (ICMEs) driven storms.  

Additionally, we plan to compare Arase observations with simulation outputs for selected events 

using models available at the Community Coordinated Modeling Center (CCMC) located at 

NASA/GSFC.    

 

Results: 

We conducted a comprehensive statistical analysis of ring current ions (H+, O+, He+) and electron 

pressure distributions across different energy ranges during CIR- and ICME-driven storms using 

Arase satellite observations. O+ ion contribution to the total ring current was found to be ∼20% during 

the CIR-driven storms. However, O+ ion contribution significantly increases ∼40% and occasionally 

dominated (∼53%) the ring current during the main and early recovery phases of the ICME-driven 

storms.  

The electron contributions were found to be significant during CIR-driven storms and non-negligible 

contribution to total pressure during ICME-driven storms. These findings demonstrate that, in 

addition to ion pressure, storm-time electron pressure plays an important role in ring current 
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development. Our results suggest that future observational and modeling studies should incorporate 

storm-time ring current electrons, particularly in the dawn sector.  

This work has been published in JGR Space Physics (https://doi.org/10.1029/2025JA034182). 

 

Periods of stay in ISEE:  

I stayed at ISEE from 26-30 January 2026. During my visit, I presented a talk titled "Overview of 

NASA/CCMC activities" on 27 January 2026. The visit provided an excellent opportunity to engage 

with Prof. Miyoshi, where we discussed ongoing research activities and explored potential areas for 

future collaboration.  

A key highlight of the visit was a detailed discussion with Dr. T. Hori concerning Arase satellite data 

and associated data products, which will serve as valuable resources for upcoming scientific analyses. 

The visit also facilitated scientific exchanges with several ISEE colleagues on topics including inner 

magnetospheric dynamics, data-model comparisons, and prospective joint research initiatives. 

 

Future Directions: 

Building upon the productive discussions during the visit, I am currently conducting simulations 

using inner magnetospheric models for data-model comparison studies. Additionally, work is 

underway to calculate inner magnetospheric electric fields using Arase observations. These efforts 

will further strengthen the collaborative research initiatives discussed with ISEE colleagues. 

 

 

List of Publications: 

Sandeep Kumar, Miyoshi, Y., Zheng, Y., Jordanova, V. K., Kistler, L. M., Yamamoto, K., et al. (2025). 

Comparative study of ion and electron average pressure variation in the inner magnetosphere during 

CIR‐ and ICME‐driven storms observed by the Arase satellite. Journal of Geophysical Research: 

Space Physics, 130, e2025JA034182. https://doi.org/10.1029/2025JA034182. 
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Power line harmonic radiation observed by PWING stations and ERG/ARASE 

 

Jyrki Manninen (SGO, University of Oulu, Finland) 

 

 

Periods of stay in ISEE 

Prof. Frantisek Nemec (Charles University, Prague) 30 November 2025 – 6 December 2025 

 

Purpose of the visit 

We thoroughly discussed the systematic processing of available PWING (PBASE) and KAN station data at 

the required high frequency resolution, as well as the proper calibration and wave direction-finding capabilities 

of the antenna. We collaborated on the development and testing of the relevant routines and on the 

characterization of geomagnetically induced currents (GICs) using magnetometer data from stations located 

near the corresponding very low frequency (VLF) receivers. We also discussed the dissemination of the results, 

including the conference presentations and envisaged publications. 

 

Science questions we addressed 

1) How is the PLHR intensity at different frequencies affected by geomagnetic activity? 

2) How significant is the triggering of emissions by PLHR, and when do these events occur? 

 

Data 

The VLF data obtained by the PWING (PBASE) stations operated by ISEE, together with the data from the 

KAN station operated by SGO, have been used. Spectral analysis of the measured waveforms has been 

performed with a sufficiently high frequency resolution (1 Hz), allowing the PLHR intensity at a given 

frequency to be conveniently defined by subtracting the wave background measured at neighboring 

frequencies. The temporal variation of the horizontal component of the magnetic field measured by 

magnetometers near the respective VLF stations has been used as a proxy for GIC amplitude. 

 

Methodology 

We have developed and tested the routines for the respective data processing, enabling systematic processing 

of ground-based VLF data at the required frequency resolution, including proper intensity calibration. This 

allows us to determine the PLHR intensity as a function of frequency (harmonic number) and time. We have 

implemented and tested direction-finding methods that may eventually be used to identify possible source 

power lines. The temporal variation of the horizontal component of the magnetic field has been used as a proxy 

for GIC amplitude. Different time resolutions and magnetic field components have been considered, 

accounting for the preferential orientation of power lines in each area. Spacecraft data is being used to provide 

information on the PLHR spatial scales. Attention has been paid to geomagnetically active periods, during 

which large variations in GIC currents and PLHR intensity are expected. 
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Results 

We have shown that PLHR can be readily observed by the PWING stations and that its intensity can be reliably 

determined using the applied data processing. The temporal variation of the magnetic field measured near the 

respective VLF stations serves as a simple and reliable proxy for the GIC amplitude. 

 

The performed correlation analysis reveals that the PLHR intensity increases considerably – by orders of 

magnitude – during periods of enhanced GICs, particularly at the even harmonics of the base power system 

frequency. Moreover, a small time delay appears to exist between the increase in GIC amplitude and the 

enhancement of PLHR intensity, which may be possibly attributed to processes intrinsic to the respective 

power grid system. 

 

The direction-finding possibilities based on simultaneous measurements of two magnetic field components 

(north-south and west-east) can be used to determine the direction of the PLHR incident on the antenna, with 

an ambiguity of 180 degrees. This information can be used to infer the possible source power line. Furthermore, 

in northern Finland, where several VLF stations operate simultaneously, triangulation can in principle be used 

to determine the source location. 

 

Regarding the spatial scales and propagation of PLHR, we argue that these may be advantageously linked to 

the properties of the ZEVS transmitter signal, which operates at a comparable frequency (82 Hz). Relevant 

spacecraft observations are currently being analyzed to provide the quantitative estimates of these spatial scales. 

 

Presentations & Publications 

Based on this project, a total of 5 presentations at international conferences have taken place / will take place 

in the near future (IAGA/IASPEI, SGEPSS, EGU, JpGU-AGU, URSI GASS). These presentations are listed 

in Form 02-1. A manuscript summarizing the results obtained is under preparation. 
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Deep Space Weather forecasting with BepiColombo and JUICE spacecraft 

 

Principal Investigator Guifré Molera Calvés (University of Tasmania) 

 

Purpose 

Radio tracking of planetary spacecraft consists of estimating very accurately its state vectors. It is crucial for determining 

the ephemerides and the geodetic properties of Solar System bodies, as well as studying their ecosystem. Tracking 

products and radio science measurements are significantly affected by space weather, which can alter the scientific 

outcomes, but also help us understand the phenomena better. Both the University of Tasmania and ISEE team have 

developed techniques to study and nowcast space weather by means of scintillation measurements.  

The purpose of this project was to work together with data from different missions with the goal to understand accurately 

solar wind, heliophysics, solar events, and space weather in general. The ISEE team has been working with the JAXA 

Akatsuki spacecraft radio navigation data and most recently combined observations in the joint ESA and JAXA mission 

BepiColombo. The UTAS team utilizes the Planetary Radio Interferometry and Doppler Experiment (PRIDE) technique that 

leverages its own radio telescope infrastructure to enhance the scientific return of missions. Observations of Venus Express, 

Mars Express, BepiColombo and other spacecraft have been conducted routinely since 2011, to improve study of the solar 

wind and interplanetary scintillation and the effects of coronal mass ejections. The lead investigator is now part of one of 

the eleven experiments on board the ESA Jupiter Icy and Moons Explorer (JUICE) mission. 

Research question: Using multiple spacecraft and complementary techniques:  

• How can we develop forecasting tools to predict space weather hazards and analyze the innermost regions of 

the solar corona using multiple VLBI radio telescopes and interplanetary spacecraft? 

• What space weather metrics can improve the precise orbit determination of the space missions? 

Methods 

The project facilitated the comparison of existing (pre-2025) and newly collected data (in 2025) from BepiColombo using 

two distinct methods: the mission’s radio navigation data and the Planetary Radio Interferometry and Doppler Experiment 

(PRIDE) data collected with radio telescopes. Additionally, we conducted work to identify potential epochs during which 

events on Venus could have been 

simultaneously recorded by both 

teams using the Venus Express 

and Akatsuki spacecraft. Finally, 

we explored the feasibility of 

implementing the PRIDE approach 

in Japan, leveraging the existing 

infrastructure of radio telescopes, 

and adapting PRIDE methodology 

for supporting the JAXA’s MMO 

module in Bepi Colombo. 

Sun

JUICE

UTAS radio 
telescopes

Deep Space Weather

Radio signal

Figure 1: Study of space weather with planetary spacecraft 
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Results 

We conducted a comparative assessment of the data‑reduction and analysis workflows employed at ISEE and UTAS, 

identifying both shared practices and key methodological differences. This process facilitated the exchange of analytical 

tools and methodological approaches, to align the procedures of both teams for future work. To ensure the effectiveness 

of the collaboration, daily meetings were held to review progress, address technical challenges, and refine priorities, 

thereby maximizing the scientific and technical outcomes of the visit. 

We evaluated the functionality of raw radio data from the 

Akatsuki spacecraft using the UTAS PRIDE SDtracker 

software spectrometer to recover the spacecraft signal 

phase. As part of this work, we successfully adapted and 

extended the software to handle complex recorded data from 

Akatsuki, enabling reliable identification and extraction of the 

spacecraft signal. These modifications demonstrated the 

flexibility of the SDtracker framework and its applicability to 

process JAXA missions. 

 

We identified 12 observation epochs from spacecraft measurements acquired in 2023 that are likely to overlap with ISEE 

scintillation observations, providing a valuable set of candidate case studies for future coordinated investigations of coronal 

mass ejections (CMEs). These observations were conducted using UTAS antenna facilities and Mars Express (MEX) as 

part of the PhD research of Jasper Edwards. As a next step, we plan to undertake magnetohydrodynamic (MHD) 

simulations to interpret the measured signatures and improve understanding of the solar events responsible for the 

observed phenomena. 

 

Figure 3: Trajectory of Mars during the 2023 solar conjunction. 

Finally, the scientific value and practical feasibility of coordinated Northern and Southern Hemisphere observations of the 

Mercury Magnetospheric Orbiter (MMO), including the technical requirements for radio antennas and the scheduling 

strategies were discussed. These discussions clarified the observational capabilities required to achieve complementary 

hemispheric coverage. This presents e foundations for a joint submission to a larger competitive funding scheme, which 

would enable sustained collaboration and support student exchange visits between both institutes. 

Figure 2: Summary of observations of Bepi Colombo for this project 
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Feasibility Study of In Situ and Remote Observations of 

the Heliosphere and the Sun at the Sun-Earth L4 Point 

 

Yukinaga Miyashita (Korea Astronomy and Space Science Institute, South Korea) 

 

Members 

Yukinaga Miyashita, Kyung-Suk Cho, Jungjoon Seough, Roksoon Kim, Jaeyoung Kwak (KASI), 

Kwangsun Ryu (KAIST), Ho Jin, Khan-Hyuk Kim (Kyung Hee University), 

Yasumasa Kasaba (Tohoku University), Hirotsugu Kojima, Satoshi Kurita (RISH, Kyoto University),  

Yoshizumi Miyoshi, Kazumasa Iwai, Hideyuki Hotta (ISEE, Nagoya University) 

 

Introduction: The Korea-Led L4 Mission Plan 

Solar eruptions cause huge ejection of magnetized plasma, often together with high-energy particles 

from the solar atmosphere into the heliosphere. When they arrive at Earth, modern technologies 

are exposed to severe threats, such as power outage and communication disruption. 

 

The Sun-Earth Lagrange point L4 is considered as a unique place where the solar activity and 

heliospheric environment can be observed in a continuous and comprehensive manner. Korea 

Astronomy and Space Science Institute (KASI) and the Korean community are preparing the 

development of a heliospheric observatory at the L4 point equipped with remote-sensing and in situ 

instruments as a flagship mission of Korea AeroSpace Administration (KASA) with international 

collaborations, targeted to launch in 2034. The L4 mission affords a clear and wide-angle view of the 

Sun-Earth line for the study of the Sun-Earth and Sun-Moon connections from the perspective of 

remote-sensing observations by a photospheric vector magnetograph, an Hα imaging spectrograph, 

an extreme ultraviolet imager, a white-light coronagraph, a heliospheric imager, and an X-ray 

spectrometer. In situ measurements of the solar wind, solar radiation, and heliospheric magnetic 

and electric fields by a solar wind plasma analyzer, a high-energy particle detector, a radiation 

monitor, a fluxgate magnetometer, a search coil magnetometer, and a radio and plasma wave 

detector are critical components necessary for monitoring and forecasting the radiation 

environment, since it relates to the issue of safe human exploration of Moon and Mars. The L4 

mission will significantly contribute toward advancing the heliophysics science, improving the 

capability of space weather forecasting and extending space weather studies far beyond near-Earth 

space, together with comprehensive and coordinated multi-point observations of the heliosphere by 

other existing and planned L1 and L5 missions (see Cho et al., JKAS, 2023, 

https://doi.org/10.5303/JKAS.2023.56.2.263 for more details). Currently we are planning to carry 

out a feasibility study for a technology demonstration satellite for raising the Korean technology 

levels of the instruments for the L4 mission. 
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To realize the mission, not only domestically developed instruments but also advanced instruments 

from international cooperation are essential. Since 2024, we have discussed potential collaboration 

on the L4 mission with ISEE, Nagoya University, particularly on the radio and plasma wave 

detector with ISEE, Nagoya University as well as Tohoku University, Kyoto University, and 

ISAS/JAXA, under the ISEE joint research program. 

 

Purpose and Results of Joint Research with ISEE  

As described above, we are preparing for the L4 mission as a flagship mission of KASA for the 

comprehensive in situ and remote observations with the 12 instruments. In this fiscal year’s joint 

research program, we had the following in-person and hybrid meetings at ISEE in February 2026. 

(1) We discussed potential collaborations on the instruments for a technology demonstration 

satellite, particularly on the electric field and wave detector and the particle detector. (2) We 

discussed potential collaborations between the Korean L4 and technology demonstration satellite 

missions and a Japanese future multipoint solar and heliospheric mission, particularly solar 

imaging observations, including EUV imaging. (3) We discussed potential research collaborations 

on the heliospheric space environment, particularly solar energetic particles and solar radio bursts, 

based on data analysis and simulations. We also discussed potential research collaborations on 

these studies in combination with solar wind observations by ISEE’s interplanetary scintillation 

antennas. These discussions will largely help us collaborate closely on the L4 mission and elaborate 

the scientific objectives and specifications of the in situ and remote instruments for the L4 mission. 

 

Visits to ISEE 

February 25-26, 2026: Y. Miyashita, K.-S. Cho, R.-S. Kim, and K.-S. Ryu 

 

Presentations 

 Miyashita, Y., K.-S. Cho, J. Seough, R. Kim, J. Kwak, K. Ryu, H. Jin, K.-H. Kim, H. Kojima, Y. Kasaba, 

S. Kurita, Y. Miyoshi, A. Vecchio, and M. Maksimovic, Feasibility study of the radio and plasma wave 

detector for the Korea-led L4 mission, 2025 Korean Astronomical Society Spring Meeting, Gyeongju, 

Korea, 2025/04/09 (poster). 

 Miyashita, Y., K.-S. Cho, J. Seough, R. Kim, J. Kwak, K. Ryu, H. Jin, K.-H. Kim, H. Kojima, Y. Kasaba, 

S. Kurita, Y. Miyoshi, A. Vecchio, and M. Maksimovic, Feasibility study of the radio and plasma wave 

detector for the Korea-led L4 mission, Japan Geoscience Union Meeting 2025, Makuhari, Chiba, 

2025/05/26 (oral). 

 宮下幸長、Feasibility study of the radio and plasma wave detector for the Korea-led L4 mission、2025

年度太陽研究者連絡会将来計画シンポジウム、宇宙科学研究所/online、2025/09/17 (oral, invited). 
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Physical processes contribute to the low latitude red-green comparable emissions 

Manu Varghese (National Space Science Center, Beijing, China) 

Purpose: 

Auroras have been observed from low latitudes over decades using all sky imagers. Low latitude auroras 

usually occur towards solar maximum and under large geomagnetic disturbances. Previous observations have 

shown that at low latitudes red aurora is more intense than green aurora. The physical mechanisms 

contributing to such auroras are stable auroral red (SAR) arcs and broadband electron precipitation. SAR 

arcs formed at the edge of diffuse aurora near the ionospheric trough region that have large red to green ratio 

(>10). The arcs structures in red are due to the coulomb collision between low energy electrons (< 1 keV) 

and ring current ions that accelerate electrons to precipitate at lower latitudes (Kozyra & Nagy, JGR, 1991).  

On the other hand, the electrons of plasma sheet origin precipitate over a wide energy range (30 eV – 30 

keV) at the red wavelength, constitute the broadband electrons (Shiokawa et al., GRL, 1997).  

Recently, low latitude auroras of comparable red-green intensity were observed on 27 February 2023 and 

24 April 2023 under large geomagnetic disturbances from Japanese longitude sector with simultaneous 

ionosphere measurements. Since both events occurred in the recovery phase of magnetic storms, the spatial 

overlap coulombic collisions are most probable to happen which energize the low energy electron 

precipitations. Also, plasma sheet electrons in low L shells and simultaneous substorm occurrences 

contribute to high energy electrons at the edge of auroral oval. However, what causes the green intensity 

similar to red is unknown because all previous observations and studies of low latitude auroras are red 

dominant. Unfortunately, no satellites are available in the nightside plasmasphere/magnetosphere region to 

investigate simultaneous particle dynamics in the inner magnetosphere for these events. 

Methods: 

1 Analyze all sky images from Rikubetsu, along with the local magnetometer measurements. 

2 Analyze DMSP and POES satellite data to study the precipitating particle flux and develop 

speculations for the magnetosphere processes, based on previous studies. 

3 Analyze solar wind-IMF to understand the responsible ICME characteristics. 

Results: 

The satellite precipitation data indicate that the auroral oval expanded to ~50 N latitude in the recovery 

phases of the magnetic storms. The solar wind dynamic pressure pulse noted at the ICME impact succeeded 

with intense geomagnetic storms, cause a sudden compression of the magnetopause below the 

geosynchronous orbit. Possibly, the enhanced convection causes the plasmasheet move inward after the 

reconnection, to cause the ring current plasmasphere overlap region. The coulombic collision in the 

overlapping region causes the red emission during both events, but the green emissions are caused due to 50 

eV precipitating electrons by two distinct mechanisms. In 27 February 2023, the local magnetometer 

measurements show the presence of substorm current wedge, and the 50 eV electron precipitation likely 

caused by the selective acceleration of KAWs. In 24 April 2023, the green emissions in the images are seen 

over the entire sky instead limited to the northern sky, indicate that the green emissions are caused by the 

intense thermosphere airglow that occur during large geomagnetic disturbances. 
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References: 

Kozyra, J. U., & Nagy, A. F. (1991). Ring Current Decay Coupling of Ring Current Energy into the 

Thermosphere/Ionosphere System. Journal of geomagnetism and geoelectricity, 43(Supplement1), 285-297. 

Shiokawa, K., Yumoto, K., Meng, C. I., & Reeves, G. (1996). Broadband electrons observed by the DMSP 

satellites during storm‐time substorms. Geophysical research letters, 23(18), 2529-2532. 
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Characterizing Flare Eruptivity of Solar Active Regions based on  

Coronal Observations and Modeling 

 

Principal Investigator  

Johan Muhamad (National Research and Innovation Agency) 

 

Purpose 

We aim to investigate eruptive and non-eruptive ARs based on our S-parameter with a more robust definition 

of critical height of decay index. This approach includes the incorporation of H-alpha observations, multi-

viewpoints observations, and nonlinear force-free field (NLFF) models. Photospheric vector magnetogram 

data from the Solar Dynamics Observatory (SDO) are the main sources to derive our interest parameters of 

electric current density. We plan to make use ISEE NLFFF database to study the full 3-D characteristics of the 

ARs. We will explore the data from GONG H-alpha database and STEREO to estimate the flux-rope height. 

Methods 

We started the investigation of 45 flare events (31 eruptive and 14 confined) from the dataset. We focus on 

identifying flux ropes (filaments) within the associated active regions (ARs) and determining their actual 

heights. Initially, we re-examined the critical heights of all ARs along their polarity inversion lines (PILs), 

refining our previous method for determining this crucial parameter. Filament identification was conducted 

using H-alpha observations, and their heights was estimated through multi-viewpoints analysis utilizing data 

from SOHO, SDO, and STEREO spacecraft. A triangulation program was employed to create 3D models of 

the filaments from these multi-viewpoint observations. By comparing the "real" filament heights (determined 

from stereoscopic observations) with the critical heights estimated from decay index analysis of NLFFF data, 

we aim to improve the accuracy of our critical height estimations. This refined approach will then be used to 

derive the S-parameter, which combines current neutralization and critical height, for a more robust assessment 

of flux rope instability. 

Results 

During my visit to ISEE Nagoya University, my activity involved selecting specific eruptive flare events that 

could be observed simultaneously by both SDO AIA and STEREO instruments. Following this selection, I 

collected Nonlinear Force-Free Field Data for the associated active regions from the ISEE NLFFF database. 

Subsequently, I developed Python programs that allowed for the analysis of filament heights using stereoscopic 

observations from multiple instruments. Through these programs, I was able to estimate the heights of the 

filaments and, crucially, determine the critical height of torus instability. I also had discussions with both Prof. 

Kusano and Prof. Masuda, as well as with students and other researchers. I also joined the regular solar 

seminars, which offered a great opportunity to learn from and contribute to ongoing scientific discussions. 

Determining the actual critical height for filament eruptions within Active Regions (ARs) remains a significant 

challenge in solar physics due to the presence of small pre-existing filaments and high background intensity. 

While in our previous study, Muhamad & Kusano (2025), typically estimated critical height by evaluating the 

decay index profile along a vertical line above the maximum free-energy proxy on the photosphere, alternative 
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methods considering the decay index along the Polarity Inversion Line (PIL) can yield varying results (James 

et al., 2022). Furthermore, lower critical height estimates are frequently disregarded as potential noise artifacts 

in photospheric magnetograms. While stereoscopic observations from multiple spacecraft (e.g., SDO and 

STEREO) have successfully determined observational critical heights for quiescent filaments, such 

measurements are rarely conducted within the complex environment of an AR. 

Through a rigorous investigation of 45 flare events from our dataset, only one event met the stringent criteria 

required for a detailed analysis: the X5.4 flare on March 7, 2012 (00:24 UT). Our comparative analysis reveals 

that critical heights determined along the PIL do not deviate significantly from those calculated above the point 

of maximum free energy. Importantly, observational estimation using stereoscopic techniques confirms that 

the measured filament height is consistent with theoretical predictions. However, some uncertainties persist, 

primarily stemming from the potential over- or under-estimation of filament height during limb observations. 

Despite the scarcity of suitable data and the difficulties posed by intense background radiation during flares, 

this research demonstrates that precise critical height estimation in ARs is achievable and aligns with existing 

MHD models. We are now still investigating a new candidate of the estimation of the real critical height of 

different event stereoscopically observed by SDO and Solar Orbiter. 

 

Figure 1. (a) NLFFF model of AR 11429. (b) Decay height estimation of the AR calculated above the maximum 

free energy point and (c) along the PIL. (d) Critical point of torus instability from the SDO observations. (e) 

Slit on STEREO image to estimate the critical point of the prominence eruption derived from height-time 

diagram (f).    

Periods of stay in ISEE 

June 8-21, 2025 

List of Publications 

Muhamad, J., & Kusano, K. (2025). Eruptivity of Flaring Active Regions Based on Electric Current 

Neutralization and Torus Instability Analysis. The Astrophysical Journal Letters, 983(1), L28. 

The work is still in progress, and the following results will be published as soon as the work has been 

completed. 
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Investigations of thermospheric neutral winds in the auroral zone 
 

Heikki Vanhamäki (University of Oulu, Finland) 

Date of the report: 31 March 2026 

 

 

My research visit to Japan took place during 15-28 November 2025. It consisted of two parts, first a workshop 

at ISEE during 16-21 November, then the Society of Geomagnetism and Earth, Planetary and Space Sciences 

(SGEPSS) fall meeting in Kobe during 23-27 November. 

 

 

1. WORKSHOP AT ISEE  

1.1 Arrangements and participation 

The workshop for "Ionosphere-Thermosphere Coupling with SDI-3D and EISCAT_3D" was held at Nagoya 

University Higashiyama campus (Science South building) during 16-21 November 2025. The workshop was 

attended in-person by 13 scientists from Japan, Finland and the United States, and in addition 2 persons took 

part remotely via Zoom. Five of the participants were early-career researchers (PhD students or postdocs). 

 

1.2 Purpose and scientific program 

The purpose of the workshop was to promote the scientific utilization of two novel and cutting-edge research 

infrastructures: The three Scanning Doppler Imagers (SDI) installed in northern Europe forming the SDI-3D 

project and the forthcoming international EISCAT_3D radar system located in the same area. In addition, 

synergies between existing research infrastructures, including optical instruments operated by the Nagoya 

university and located in this area were discussed. 

 

The meeting was organized around several themes: 

● Sunday (16 Nov): Preparations 

● Monday (17 Nov): Current status of instruments 

● Tuesday (18 Nov): Data analysis and Ionosphere-Thermosphere science 

● Wednesday (19 Nov): Data analysis and Ionosphere-Thermosphere science (cont.) 

● Thursday (20 Nov): Future directions and next steps 

● Friday (21 Nov): Wrap-up and additional science discussions 

During each day, several presentations on ongoing work and recent results were given by scientists working 

on the theme (see list of presentations in Form03-1), followed by discussions. The central idea of the workshop 

was to reserve a lot of time for discussions, which worked very well and led to fruitful exchange of ideas. 

 

1.3 Results 

Based on the presentations and discussions during the workshop, we identified several possible research topics, 

each of which is planned to result in a peer-review publication: 

● Instrumentation: Description of SDI, FPI, ASI, GNSS receiver, and induction magnetometer at the 

three SDI-3D stations in northern Europe. 

● Method development: Tesfaw et al. (2026), "Reconstructing the neutral wind velocity based on 

measurements by a network of scanning Doppler imagers at high latitudes". Manuscript in preparation, 

J. Geophys. Res. 

● Event study: Thermospheric and ionospheric responses to the 2025 January storm at high latitudes. 

These collaborative studies initiated during the workshop have continued and will continue by means of regular 

Zoom video meetings. 

 

1.4 Additional research visits and workshops 

In order to continue and expand this fruitful collaboration, several other research visits and meetings were 

planned during the workshop held at Nagoya: 

● Visit by Dr. Oyama to University of Oulu. To continue the work started during the meeting at 

Nagoya, Dr. Oyama, who was the corresponding ISEE researcher for organizing the workshop, visited 

the University of Oulu during February-March 2026. The purpose of the visit is to collaborate with 
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Prof. Aikio and Drs. Vanhamäki, Tefaw, Virtanen and Cai on joint analysis of radar and optical 

observations. 

● Visit by Drs. Tesfaw and Cai to ISEE. During summer 2026 Dr. Tesfaw and winter 2026-2027 Dr. 

Cai, who are the participants in the Nagoya workshop, will make 1-month research visits to ISEE to 

work with Dr. Oyama on analysis of SDI-3D neutral wind and temperature measurements. 

● Workshop in autumn 2026 at Oulu university, Finland. We are going to hold a similar workshop 

about 1 year after the workshop at ISEE. Professor Aikio has been awarded a grant by the University 

of Oulu to support travel expenses of foreign scientists attending the workshop at Oulu. We foresee 

that this could be the starting of a regular series of workshops involving Finnish, Japanese, American 

and other scientists working on ionosphere-thermosphere coupling at high latitudes. 

● ISSI team proposal. We submitted a proposal for an International Space Science Institute (ISSI) team 

in March 2026 with the goal of internationally advancing research on the thermosphere-ionosphere 

coupling with the SDI-3D and EISCAT_3D. This team comprises researchers from Japan, Finland, 

US, UK, and Canada. 

 

 

2 SGEPSS MEETING IN KOBE 

At the SGEPSS meeting I gave a presentation titled “Ionospheric Joule heating and neutral density variations 

at low Earth orbits during geomagnetic storms”, which was scheduled in the Magnetospheric session on 

Thursday 27 November. The presentation dealt with recent research we have been conducting on ionosphere-

thermosphere coupling and space weather effects during geomagnetic storms driven by different solar wind 

structures (magnetic clouds, sheaths or high speed streams). During the meeting I received several questions 

and comments about the work. 

 

 

 

 

I thank ISEE and the Nagoya University for supporting my research. 
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Investigation of hemispheric asymmetry of space weather events at low latitude from correlated 

observations at L1 point and mid-high latitudes.” 

Dr. Bitap Raj Kalita (Department of Physics and Center for Atmospheric Studies, Dibrugarh 

University) 

Purpose: 

To investigate the hemispheric differences during the 10-12 May 2024 geomagnetic storm in the low 

and mid latitude of Indian and Japanese sectors, and also delineate the drivers of hemispheric 

difference utilizing some equinoctial geomagnetic storms.  

Study 1:  

The F3 layer in the low latitudes is already reported in both quiet and disturbed times, and its 

formation is explained primarily by the vertical drift due to eastward electric field. (Balan et al., 2008; 

Lin et al, 2009; Klimenko et al., 2012; Batista et al., 2017). These works suggest the F3 layer is 

usually formed in the day time condition of low latitude summer hemisphere.  In this work, the 

mechanism of formation of mid latitude F3 layer during geomagnetic storm of 10-11 May 2024 is 

shown in both hemispheres, and related to upward drift due to the storm time equatorward meridional 

from the high latitude. The manifestation of dawn time upper stratification was also critically assisted 

by the lower F2 layer density on the storm day due to the reduced thermospheric O/N2 ratio. Analysis 

of FPI winds, ionograms and COSMIC electron density profiles reveals that the night time F layer 

was raised to higher altitude by field aligned upward drag of the equatorward winds, whereas the 

freshly ionized plasma at lower altitude formed the F2 layer. The new layer could not grow rapidly 

enough to hide the topside residual layer due to the increased recombination via increased molecular 

N2. The result on the formation of F3 layer over middle both the hemispheres, under the influence of 

thermospheric winds and composition was reported for the first time, to the best of our knowledge.   

Part 2 of study 1:  

The severity of ionospheric TEC response during the 10-12 May 2024 space weather event in the 

Indian and Japanese stations were compared with that of the Australian sector during 11-12 May 2024 

using conjugate geometry at high, middle and low latitudes. Magnetometers, Fabry-Perot 

Interferometers (FPI), as well as satellite observations, were also utilised. The intensity of the TEC 

response was found to vary with latitude/longitude, and the maximum effect showed phase difference 

at low,  middle and high latitudes. Contrary to the high intensity effects reported in other sectors for 

the May event, the negative TEC response in the northern low-latitude of the Indian sectors was less 

severe during the May event,which was confirmed by the comparison with the TEC respopnse of few 

other strong geomagnetic storm occuring under similar geophysical conditions. Longitudinal 

variation as well as sharp hemispheric asymmetry the TEC was driven by the O/N2 variation. The 

weak negative effect on 11 May was related to the unexpected appearance of the Prompt penetration 

Electric Field (PPEF) in the early storm recovery phase, which competed with Disturbance Dynamo 

Electric Field (DDEF) and O/N2 effects. On the other hand, the weaker negative TEC effect on 12 

May was caused by the recovery of the O/N2 depletions due to the thermospheric cooling effect.  
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Study 2: 

The hemispheric asymmetry at low latitude is highly influenced by seasonal variation of the primary 

drivers like the thermospheric O/N2 ratio, winds and solar insolation. Therefore, to delineate the 

seasonal influence, the hemispheric asymmetry of at low latitude is investigated under different 

orientation of the IMF By using solar wind data at L1 point, superDARN HF radar convection maps, 

Ampere FAC, TEC maps and GUVI thermospheric O/N2 images. From the observations of 

geomagnetic storms of  01 October 2012, 17-18 March 2013, 2015, 7-8 September 2017, 23-24 

March 2023 and 10-11 October 2024, it appeared that negative IMF By during southward IMF Bz, 

resulted in higher southern hemisphere FAC and stronger/larger convection cell in the southern dusk 

sector. These seem to be related to the stronger equatorward expansion of the reduced thermospheric 

O/N2
 toward the southern lower latitudes leading to asymmetric negative ionospheric storm effect. 

The negative IMF By is closely related to the tilt of the CME estimated in the L1 point.    

Period of stay:  01-10-2025 to 31-10-2025. 

List of publications: 

1. Wind induced F3 layer in the middle latitude during the Mother’s Day geomagnetic 

disturbances of 10-11 May 2024,  

Bibek Rai, Bitap Raj Kalita, P.K. Bhuyan, Y. Otsuka, K. Shiokawa, D. Pallamraju,: 

Journal of Geophysical Research: Space Physics, Vol:131 (2), 

https://doi.org/10.1029/2025JA034833, February, 2026  

 

Submitted manuscript under revision in Space Weather Journal of Americal Geophysical Union 

1. Disproportionately weak negative TEC effect during 11-12 May 2024 storm: Role of 

competing drivers                 

Roshni Agarwal, Bitap Raj Kalita, P.K. Bhuyan, D.Chakrabarty, Y. Otsuka, K. Shiokawa, 

M.Le Huy 

Manuscript under preparation:  

2. The latitudinal variation of hemispheric asymmetry during May 2024 geomagnetic storm 

3. The hemispheric asymmetry of ionospheric storm time response during equinox conditions 

due to the IMF By effect 

Conference Presentation: Indian Space Weather Conference, at PRL, Ahmedabad 29-30 January, 

2026 

1.Bitap Raj Kalita, Hemispherically and longitudinally asymmetric ionospheric response to 

the 23-24 March 2023 storm.  

2.Bibek Rai1presented the Wind Induced F3 Layer in the Middle Latitude During the Mother's 

Day Geomagnetic Disturbances of 10–11 May 2024 at the 4rth Indian Space Weather 

Conference.                                                                                            

3 Roshni Agarwal1, presented the disproportionately weak negative TEC effect during 11-12 

May 2024 storm: Role of competing drivers                 
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Comparative study of upstream solar wind conditions at Mars:  

In-situ spacecraft observations vs. IPS-SUSANOO predictions  

 

Takuya Hara (Space Sciences Laboratory, University of California Berkeley, CA, USA) 

 

 

In FY2025, we initially planned to compare the SUSANOO simulation model combined with IPS 

observations used as the simulation’s inner boundary, with direct upstream solar wind measurements 

obtained from Mars assets such as NASA’s Mars Atmosphere and Volatile Evolution (MAVEN) and/or ESA’s 

Mars Express (MEX) missions. As of the end of FY2025, the SUSANOO-IPS database is not yet publicly 

available; however, the overall framework for providing the SUSANOO-IPS database is nearly complete.  

 

Meanwhile, during FY2025, the PI (T. Hara) has been in the process of applying for permanent residency in 

the United States. Due to the review process associated with the green card application, he has been required 

to remain physically in the U.S., which made it difficult for him to visit ISEE during FY2025. Nevertheless, 

discussions on this project have continued through both virtual meetings (via Slack) and in-person 

interactions at the 2025 AGU Meeting. Consequently, in FY2026, we plan to resubmit the proposal 

associated with this project, with significant refinements based on these sustained discussions. 
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Improvement of Space Weather Forecast by Combining ISEE/IPS Observations 

and Numerical Simulations 

Nariaki Nitta (Lockheed Martin Advanced Technology Center) 

 

Purpose 

For space weather predictions, advanced numerical models are routinely used. But they are not 

perfect. Our main questions are:  

- what are the key aspects in the numerical simulations that could be further improved?  

- what is the sensitivity of the predicted CME arrival time on various adjustable parameters in 

numerical simulations?  

- can IPS observations help us optimize those parameters?     

 

Methods 

We simulated two CMEs, using two models, SUSANOO and AWSoM.  The former is major 

improvement over Enlil, which is widely used by space weather prediction agencies all over the 

world, because of its inclusion of the CME magnetic field structures.  But its drawback is the use 

of the empirical relationship, known as the Wang-Sheeley-Arge (WSA) model, from the Sun to 25 

Rs (Rs is the solar radius), to drastically reduce the computational time.  AWSoM, on the other 

hand, simulates the background solar wind based on the photospheric magnetic field (no WSA), but 

computationally very expensive.       

 

One event was a clear CME associated with an X-class flare, and its arrival time was easily 

reproduced.  Accordingly, most of our effort was given to the second event, which was stealthy as 

it started but responsible for a major geomagnetic storm.  We found simulating this event (August 

20, 2018) was extremely challenging. 

 

In SUSANOO, we looked for the initial CME speed at 25 Rs and the magnetic flux that best 

reproduce the locations of strong IPS signals (as an indicator for density enhancement). These were 

outside the ranges that were customarily used.  For example, the assumed CME speed, which was 

higher than that observed close to the Sun, was extremely low, and the magnetic flux, which was 

higher than that expected for this event (below the A-class), included the lowest value.  In AWSoM, 

the weak CME sometimes disappeared due to numerical diffusion, which was alleviated by finer 

simulation meshes. 

 

Initially, we were not sure the IPS signals represent the density enhancement due to the CME. After 

a careful analysis, however, we isolated at least a handful pulsars that were not heavily affected by 

radio frequency interference, indicating IPS observations are still useful for events that start 

extremely weak near the Sun.   
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Results 

In SUSANOO, it was possible to reproduce the observed CME arrival time within a few hours 

under an unrealistic assumption of constant solar wind speed (250 km/s), while matching the IPS 

enhancements with the CME. We have not yet been able to find a way to reconcile AWSoM with 

the observed CME arrival and IPS observations. Both simulations for the steady state solar wind 

(without inserting a CME) failed to reproduce the period of high solar wind speed observed after the 

CME passage, suggesting that the high speed stream might have resulted from the CME rather than 

from coronal holes. 

 

We conclude, as expected, that simulations of weak CMEs like the August 2018 event critically 

depend on the reproduction of the background solar wind, which can significantly affect the CME 

propagation. This was the first time SUSANOO and AWSoM were applied to such weak CMEs.  

The obvious next step is to examine the photospheric magnetograms that drive the solar wind, either 

with the WSA empirical relation or by solving MHD equations.   

 

We are writing a short paper on how our SUSANOO and AWSoM simulations compare with IPS 

and 1 AU observations. 

 

Visits 

Drs. Nitta and Jin visited ISEE during 8–17 October 2025 and worked with Prof. Iwai and the 

members of the solar wind laboratory. Dr. Nitta made a second visit 27 February and 6 March 2026. 
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Super-hot (> 30 MK) thermal sources in solar flares 

Säm Krucker (FHNW) 

 

Solar flares are the most energetic events in our solar system and important to understand in context of space 

weather monitoring and prediction. Among them, X-class flares are the most energetic. Because of their size 

and long duration, X-class flares are ideal candidates to track and study the evolution of energetic particles and 

thermal plasma in solar flares. Hard X-ray diagnostics in the range 4 keV and above provide us with the most 

direct diagnostic of accelerated electrons as well as the hottest thermal plasma in solar flares. 

 

In very first high-resolution observations of X-class flare plasma, a new, very hot (> 30 MK) thermal plasma 

was observed (Lin et al. 1981). The Reuven High Energy Solar Spectroscopic Imager (RHESSI) provided 

between 2002-2018 more detailed and systematic observations of the “super-hot” flare plasma, mainly 

observable in X-class flares and large M-class flares (e.g. Caspi et al. 2014). The observations showed that 

fitting a hard X-ray spectrum with an isothermal model is often improved by using two thermal models. These 

are commonly referred to as the super-hot (> 30 MK) and hot (15-30 MK) thermal components. First tests 

in imaging these two individual thermal components showed that they seem to be spatially separated with the 

super-hot component lying higher in the solar atmosphere compared to the cooler, hot component (Caspi et al. 

2015). This supports the idea that the super-hot component is a signal of direct heating in the solar corona, 

whereas the hot component is a signal of evaporated chromospheric plasma, filling up hot thermal loops in the 

solar Corona. The purpose of our project is to investigate the origin of this super-hot component over the 

course of X-class flares using the new observations of the Spectrometer/Telescope for Imaging X-rays 

(STIX) on Solar Orbiter.  

 

For our project, we used two new methods for the analysis of flares using STIX observations. The first is the 

method of joint fitting (Stiefel et al. 2026). As STIX uses an attenuator during high level solar flux, low 

energies are blocked during X-class flares. This makes spectral fitting more difficult as relevant energy bins of 

the low energy thermal flux are missing. The joint fitting method uses two different detector configurations of 

STIX, the background detector, which is the only detector not covered by the attenuator, and the imaging 

detectors, to fit the full range of energies and therefore also get an improved fit of the thermal component. The 

second method is called spectral component imaging (Stiefel et al. 2025). This method is generalization of 

the approach of Caspi et al. (2015) and aims to fit individual spectral components rather than energy dependent 

images as it is commonly done in HXR imaging. Using the spectral fitting results, a linear system of visibilities, 

the Fourier components of the image, is set up and solved to obtain the visibilities of the individual spectral 

components. In our case, we are comparing the images of the hot and superhot thermal components as these 

components are often not possible to image using the traditional energy dependent imaging method.  

 

During our research stay at ISEE in September 2025, we focused on two aspects:  

1. In our first we analyzed two of the largest X-class flares in the current cycle, the 1st and 3rd of October 
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2024 X7 and X9 class flares. The unique setup of 90-degree separation between Solar Orbiter and the 

Earth view observations enables interesting insights into the 3D structure of the flares. Further, the 

flares are located close to the limb from Solar Orbiter perspective, which is the ideal configuration for 

the analysis of the superhot and hot component to see a separation in the component’s location. Over 

the full course of the flares, we see a clear trend that the superhot component is higher up in the corona 

compared to the hot component. Further, in the 1st of October flare, we observe a clear northwards 

motion in the flare, which is led by the superhot component positions, followed by the hot component, 

clearly indicating that the superhot component is formed earlier in the flare supporting the idea that it 

is a signal of direct heating in the solar corona. Given that we can image the two thermal components 

individually, we are also able to do thermal energy, and density estimates over the entire duration flare. 

Initial results show that the thermal energy content in the superhot component is around 20% of 

the hot content and the density in the superhot component is around 5*1010 - 1*1011 cm-3. In our 

ongoing work in collaboration with ISEE, we are investing in the analysis of the different flare plasma 

parameters and putting the observations into context of other observations in the EUV and radio 

wavelength. Further, we are working on a paper in collaboration with ISEE to summarize and highlight 

our new results in the analysis of the hottest flare plasmas. 

2. In our second project, we started setting up a dataset of flares observed jointly by STIX or RHESSI 

in hard X-ray and the X-ray telescope (XRT) on Hinode in soft X-rays. The main conditions for 

these jointly observed flares are that the flare observed had to be of a GOES X-class level and they 

had to be close to the limb to be able to separate the individual thermal components in radial direction. 

To have a larger dataset, we also included data from the RHESSI observation time. For this, we 

additionally modified and tested the spectral component imaging routine at ISEE to match the RHESSI 

data. Further steps will include the more detailed analysis of the events we found during our research 

stay. Additionally, these events showed very interesting test cases to analyze the nonthermal coronal 

source (e.g. Masuda et al. 1994), which we want to further investigate and publish. 

 

List of publications 

 

Stiefel et al. 2025: “Spectral component imaging of solar X-ray flares”, Astronomy & Astrophysics, Volume 

704, id.A316, 10 pp 

Stiefel et al. 2026: “Superhot (> 30 MK) flare observations with STIX: Joint spectral fitting”, Astronomy & 

Astrophysics, Volume 706, id.A192, 10 pp. 
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Cross-calibration of the BepiColombo magnetic field instruments Mio-MGF and 

MPO-MAG with the low-energy electron measurement of Mio/BepiColombo 

during the Mercury swing-by maneuvers 

DANIEL SCHMID  

Space Research Institute (IWF) Graz, Austrian Academy of Sciences (OeAW) 

1. Introduction 

This project focused on the cross‑calibration of the magnetometers and selected particle 

instruments onboard the two BepiColombo spacecraft—Mio (JAXA) and the Mercury Planetary 

Orbiter, MPO (ESA)—during the cruise phase. With both spacecraft integrated until Mercury 

orbit insertion in 2026, this configuration enabled direct comparison of measurements from the 

Mio MGF and MPO-MAG magnetometers, as well as the Mio particle instruments MSA and 

MEA.  

The goal was to establish a robust calibration framework that aligns the two magnetometer 

and to support the integration of magnetic and particle data, ensuring consistent and reliable 

datasets for independent operations around Mercury. 

2. Project Achievements 

The following sections summarize the main achievements, including the cross-calibration of 

the magnetometers and the integration of magnetic and particle data on Mio. 

2.1 Cross‑Calibration of Magnetometers 

Within the project, we successfully discussed and applied a methodology for cross‑comparing 

magnetic field measurements from MGF (Mio) and MAG (MPO). 

Key points include: 

• Identification and correction of small offsets and alignment differences between the two 

magnetometers. 

• Validation of instrument performance across a wide range of magnetic field conditions 

encountered during the five Mercury swing‑by maneuvers. 

• Identification and correction of the time shift between the MPO and Mio spacecraft 

clock. 

Based on the discussion during the project we are currently working on a merged magnetic 

field data product that will be provided to the scientific community in the near future.  
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2.2 Integration of Particle Instrument Data 

Beside the discussion between the MGF and MAG magnetometer teams we also discussed 

possible combined data products between the MGF and the particle instruments onboard the 

Mio spacecraft. Achievements include: 

• Discussions of coordinated observations of MGF magnetic field data with MSA and 

MEA particle measurements. 

• Verification that particle‑derived plasma signatures align with magnetic field 

variations, strengthening confidence in both datasets. 

Following these discussions, we are now preparing a scientific publication based on the 

observations obtained during the fourth and sixth Mercury flybys. Building on the intensive 

exchanges during the stay, the MGF team is developing a dedicated data‑processing pipeline 

for the ISEE Science Center, designed to provide real‑time data to two key users: 

1. the particle instrument teams, enabling reliable magnetic‑field measurements for 

deriving preliminary particle pitch‑angle distributions, and 

2. the SUSANOO solar‑wind forecast system, supplying input essential for improving the 

accuracy of solar‑wind condition predictions. 

This coordinated effort will support more comprehensive joint analyses across the mission 

teams and contribute to more reliable SUSANOO simulation results for solar‑wind forecasting. 

3. Period of Stay and Planned Publications 

3.1 Period of Stay 

As part of the project activities, a five‑day working visit to ISEE (02.-06. Feb. 2026) was 

conducted in conjunction with the workshop “Multi‑Spacecraft Observations of Solar Eruptions 

during the BepiColombo Cruise Phase.” Additional discussions continued during a subsequent 

five‑day stay at JAXA in Tokyo as part of the Mio Scientific Working Group meeting (09.-13. 

Feb. 2026). These visits enabled focused collaboration between the magnetometer and particle 

instrument teams, supported in‑depth exchanges on calibration strategies, and advanced the 

development of future joint data products. 

3.2 Publications 

During the project, we initiated discussions on at least two future joint publications. These 

planned manuscripts will focus on: 

• The analysis and scientific interpretation of observations obtained during the fourth 

and six Mercury flybys. 

• Based on the merged magnetic field data product, we will report on the magnetic field 

environment encountered by BepiColombo during the five Mercury flyby maneuvers. 

Both publications are currently in preparation, with contributions expected from the MGF, 

MAG, and MEA instrument teams. 
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Title of the Project: Investigating the role of solar flares and coronal mass ejections in disrupting Earth’s mag-
netosphere and ionosphere using coupled radiation- MHD and kinetic model

Principal Investigator Name (Affiliation): Gopal Hazra (Department of Physics, IIT Kanpur)

The aim of our project is to understand the effect of stellar flares and coronal mass ejections (CMEs) on the
upper atmosphere of the Earth using a self-consistent radiation MHD model that was developed in our group
[2, 3]. In the last one year, we have implemented the time-accurate modelling of the flares and coronal mass
ejections on the upper atmosphere of planets. The detailed work related to the project performed so far has
been described below:

Purpose: For decades, it has been understood that solar flares and coronal mass ejections (CMEs) are the main
drivers of Earth’s upper atmosphere, mostly by disturbing the magnetosphere and ionosphere. Generally most
of the efforts to investigate how a flare affects the Earth’s upper atmosphere were based on empirical models.
We perform here to study the effects of flares and CMEs on the magnetosphere and ionosphere, simultaneously
with self-consistent ionization calculation due to flare radiation using a 3D radiation MHD model [2]. So far,
we have only estimated the mass-loss due to flares and CMEs, but eventually our plan is to couple our model
with a more detailed atmospheric model to estimate more localized effect.

The stellar radiation in the X-ray and UV parts of the spectra increases tremendously during a flare, re-
sulting in a huge enhancement in the ionization and associated photo-heating of the upper atmosphere, which
enormously affects the ionosphere and corresponding inner magnetosphere and thermosphere. The CMEs, on
the other hand, due to the enhancement of the density of solar wind particles compared to the quiescent solar
wind, exert additional pressure on Earth’s magnetosphere. This additional pressure compresses the dayside
magnetosphere and suppresses the magnetopause towards the surface.

Methods: To achieve our objectives, I have used my recently developed self-consistent 3D radiation driven
MHD model using BATSRUS framework [2, 3] in the rotating frame of the planet, keeping the planet in
the center of the simulation box. Planet-centered simulations are very important because one can increase
the resolution around the planet sufficiently to capture many physical processes, including shocks and charge
exchange during the interaction of stellar outflow with planetary outflow. Also, another novelty in our model is
the implementation of self-consistent radiative transfer and ionization balance.

The stellar wind, stellar flares, and CMEs have been injected from the left boundary of the simulation box
where the star resides. We explicitly do not put the star in our simulation box to avoid the computational cost.
The enhanced stellar radiation during flares has been directly incorporated into the radiative transfer equation
and energy equation. The CMEs have been modeled as dense and hot stellar wind with an enhanced mass-loss
rate compared to the quiescent stellar wind.

Since the flares around the Sun and Sun-like star occurs on different time-scales [e.g., 4] from minutes to
hours, we have considered three flare cases for our study as shown in the left panel of figure 1 with different
rising and decay phases. Also we have assumed that the total XUV radiation follows the same time-scale as the
observed X-ray for the flare [1]. The rise-time and decay time of the flare has been modelled using an empirical
log-normal distribution, so that we can controlled the flare time-scale. For the CME we considered three cases
with different magnetic field embedded in them.

Results: While calculating mass-loss from our simulated Earth-like planet, we find out that not all flares will
have significant impact on the upper atmosphere of the planet (see right panel of figure 1). The mass loss-rate
calculated from night-side, day-side, south pole and all sides show that the flare with short time scale does not
enhance the mass-loss rate whereas if the flare exist for long time-scale, the mass-loss in increased significantly.
The reason is quite stright forward but not recognized so far as the time-accurate simulations were not done
in understanding these aspects. If the flare time -scale is smaller than the ionoisation time scale of the upper
atmosphere, the flare does get enough time to deposit its energy and as a result, the flare does not enhance the
mass-loss rate from the planet. On the otherhand, long duration flares has enough time to ionose the upper
atmosphere resulting in enhanced mass-loss rate from the planet.

While calculating the impact of CME on the upper atmosphere, we found out that the CME with embedded
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Figure 1: Left Panel: Three flare cases considered in our model (a) Controlled flare - the standard flare
frequently occurs in the Sun (shown in black dashed line), (b) Short-time scale flare with sharp rise time
(shown in red dashed line) and (c) flares with long decay time (shown in blue dashed line). Right Panel: The
mass-loss from the planet due to different flare-configaration considered in our model. The black dashed line,
blue dashed line and solid dark-red line show the mass loss for the controlled flare, long flare and short flare
respectively. The four panels in the right figure show mass-loss from different sides of the planet.

magnetic field opposite to the dipolar magnetosphere of the Earth has significant effect in removing the mass-
loss from the planet. So far, we have successfully modelled the structure of CME and flares in our model more
realistically than before. However, quantifying their effect on the Earth’s upper atmosphere has been done only
in terms estimating mass-loss from the planet. While this is a good measure to understand effect of solar flare
and CMEs on the planet, it does not connect with the localized measurement and observations from the upper
atmosphere of Earth. Our immediate next step is to connect the enhanced mass-loss rate with the observations
of the total electron count in the upper atmosphere of the Earth. After that we should connect our model with
thermospheric model to understand the localised effect of flare and CMEs.

During this project, we have successfully modeled the upper atmosphere of planet Earth by incorporating a
realistic time distribution of flares and a realistic configuration of CMEs. We find that not all flares will have a
significant effect on the upper atmosphere. However, to understand their effect and compare with observations,
we need to couple with lower atmospheric model which is under development. Overall, in the next few months
we will be able to quantify the effect of flares and CMEs not only in terms of mass-loss rate but also by mesur-
ing TEC and ring current in the ionosphere. We beleive that our new approach of coupling the radiation MHD
model with a comprehensive (CRCM) model and Ridley’s ionospheric model would be very beneficial for the
space-weather community and we should continue the effort to build the coupled model.

Period of stay and list of publications: Last year, PI could not get a suitable time to visit ISEE, Nagoya, but
he started the project and obtained some significant results. PI will start to write up the new results about the
effect of flares on the upper atmosphere of Earth as described in this report.
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A comprehensive study on the relationship gamma-ray flares and white-light 

flares 

 

Seiji Yashiro (The Catholic University of America) 

 

Purpose 

This project investigates how white-light (WL) emission relates to both prompt and sustained gamma‑ray 

(GR) emission in solar flares observed by the Fermi Large Area Telescope during Solar Cycle 24. Although 

WL and GR emissions both originate from energetic particle interactions in the lower solar atmosphere, their 

detailed relationship remains insufficiently understood. In particular, the contribution of shock‑accelerated 

protons—which are responsible for sustained gamma-ray emission (SGRE)—to WL production has not been 

systematically quantified. 

The objectives of this study are to clarify: 

• how frequently WL emission accompanies different types of GR flares, 

• whether the intensity of WL enhancement correlates with GR flux or hard X‑ray (HXR) emission, and 

• whether SGRE events generate WL signatures detectable by SDO/HMI. 

This investigation aims to improve our understanding of how electrons and protons deposit energy in the 

solar atmosphere and how their respective emissions relate to different acceleration processes. 

 

Methods 

A dataset of 45 gamma-ray flares from the First Fermi-LAT Solar Flare Catalog was analyzed. These include 

18 events with confirmed prompt GR emission and 27 classified as delayed or sustained GR events, 

providing a comprehensive sample across a wide range of flare conditions. 

White-light emission was examined using SDO/HMI continuum intensity at 617.3 nm, with a 45‑second 

cadence. Running‑difference images were constructed to enhance the visibility of faint WL signatures. WL 

emission was identified when spatially coherent continuum brightenings appeared in association with flare 

ribbons during the impulsive phase. 

GR classifications from Fermi/LAT were adopted directly. Prompt GR emission arises from impulsive-phase 

proton acceleration, while SGRE is attributed to prolonged acceleration at CME-driven shocks, allowing us 

to distinguish between flare-site and shock-related phenomena. 

To evaluate the role of energetic electrons, we analyzed hard X‑ray (HXR) data from Fermi/GBM. Solar 

HXR flux in the 25–300 keV range was extracted by differencing sunward and antisunward detector signals. 

WL intensity was compared with GR and HXR flux levels to assess their relationships. 

The PI visited ISEE, Nagoya University from 12–19 September 2025 to conduct Fermi/GBM and RHESSI 

analyses with the support of Prof. Masuda, ensuring consistent methodology and joint interpretation of 

results. 
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Results 

1. WL emission is closely linked to prompt GR 

Among the 18 prompt GR flares, 17 (94%) showed WL enhancement during the impulsive phase. This 

includes several M‑class flares, confirming that WL is not limited to the largest events. 

2. WL rarely appears when prompt GR is absent 

Four “no-prompt” GR events were identified; three showed no WL emission, even one X‑class flare. Thus, 

WL emission depends strongly on impulsive-phase particle acceleration. 

3. No WL during sustained gamma-ray emission 

In all 27 sustained GR events, no WL signatures were detected during the SGRE intervals. This holds even 

for strong or well-observed events, including the behind‑the‑limb SGRE in 2014‑09‑01. 

These results show that shock‑accelerated protons do not generate detectable WL emission in HMI 

observations. 

4. WL intensity does not correlate with GR flux 

For events with LAT coverage, WL intensity shows no correlation with >100 MeV GR flux (r ≈ –0.04). 

Therefore, the strength of pion-decay gamma rays does not determine WL brightness. 

5. WL correlates with HXR flux 

WL intensity shows moderate, statistically significant correlations with HXR flux (r ≈ 0.56–0.58 across 

25–300 keV). Because HXRs trace energetic electrons, this indicates that electrons, not relativistic protons, 

dominate WL energy deposition. 

 

Summary 

This study provides clear evidence that WL emission is fundamentally associated with the impulsive phase of 

solar flares and strongly linked to prompt gamma-ray emission, both of which arise from rapid magnetic 

reconnection and intense particle acceleration at the flare site. In contrast, sustained gamma-ray emission, 

produced by CME-driven shocks far from the flare region, does not generate detectable WL signatures. 

The strong correlation between WL brightness and HXR flux, combined with the lack of correlation with GR 

flux, demonstrates that WL emission is primarily governed by energetic electrons, not relativistic protons. 

Together, these results support a two-component acceleration framework, where flare-site processes generate 

WL and prompt GR emission, while CME-driven shocks produce long-duration gamma rays without 

affecting WL emission. 

 

Project Outputs 

The findings of this study were presented as a poster at the 2025 AGU Fall Meeting, held 15–19 December 

2025 in New Orleans, Louisiana, providing an opportunity to disseminate the analysis of WL and GR flare 

associations to the broader heliophysics community. Furthermore, the PI visited ISEE, Nagoya University 

from 19–27 February 2026 to discuss the results in detail and to coordinate the preparation of the 

forthcoming publication. The paper is scheduled to be published in Solar Physics. 
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Sunquake formation: data and models 

Principal Investigator Dr S Zharkov (University of Hull, UK) 

 

 

The goal of the project is to explore physical conditions of acoustically active flares, their links with hard X-

ray, EUV and optical emission, the specifics of seismic signatures and their links to magnetic field topologies 

associated with flare occurrences. These physical condition details need to be extracted from a number of flares 

in cycle 25 for different locations and cycle phases. This will help to progress with existing and to develop 

updated kinetic and hydrodynamic models for generating flare-induced sunquakes. 

 

In the initial part of the project we have used Hinode flare catalogue and analysed a series of flares in January 

2025. Concentrating on higher energy events (X-, M- and high C-class flares). We have identified one event 

with clear acoustic signature with several other flares coming from the same region over a week showing no 

signs of acoustic excitation.  

 

We have gathered and analysed the photospheric and atmospheric observational data (SDO AIA and HMI, 

ASO-S HXI) for the new sunquake event (Janury 6, 2025, M3.1 flare) to extract location and timing of the 

sub-photospheric source, identify visible ripples and evaluate other constraints such as directionality and 

distance away from the source that can be used in our modelling. The sunquake parameters were extracted by 

applying our acoustic egression and time-distance diagram methods to SDO HMI data with the results then 

used in conjunction with the rest of the data to determine that sunquake location and timing coincide and 

photospheric white-light emission as seen SDO-HMI continuum and agree well with hard X-ray sources as 

determined by ASO-S HXI. This now allows us to run flare generated hydrodynamic shock models that then 

provide the initial conditions for sunquake modelling. 

 

The observational results along with the initial modelling form the foundation of our first paper “Physical 

conditions of sunquake formation in M-class January 6th, 2025 flare”, final stage of preparation, to be submitted 

inApril 2026. 

  

The methods used in the research 

1. Derivation of electron beam parameters using CLEAN  procedure from HXR observation by the 

Hard X-ray Imager (HXI)128 on board the Advanced Space-based Solar Observatory (ASO-S)  

2. Detection of seismic signatures associated with a flare from the HMI/SDO dopplergrams using 

Acoustic Holography method for building egression maps in different frequencies (3-10 mHz). 

3. Data synchronisation and remappings between different projections, methods, times. 

4. Detection of observable sunquake ripples with difference images 

5. Detection of sunquake ridge using Time-Distance diagram method 

6. Simulation of 1D hydrodynamic response HD1 of a flaring atmosphere to heating by relativistic 
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electron beam with the parameters derived in item 1, detection of the parameters of the shock generated 

by this HD response. 

7. Simulation of 1D hydrodynamic response HD2 of the solar interior to propagation of supersonic shock 

and generation of acoustic waves. 

8. Investigation of links of the HD responses HD1 and HD2 for this particular sunquake, the depths in 

the solar interior where acoustic waves propagate and the turning points for their reflection by the solar 

surface to be seen as ripples on the surface. 

 

Further work is taking place to:  

a) Look into Hinode Ice data for this and other flaring events to obtain blue shift velocities;  

b) Analyse a number flaring events for classes X, M, C occurred in cycle 25; 

c) Develop a comprehensive model for generation of sunquakes by supersonic shocks travelling in the 

solar interior;  

 

Dr S Zharkov and Prof. V. Zharkova have stayed at ISEE between July 10-July 25 where initial work on event 

detection and analysis has been carried out. 
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Utilizing Phased-Array Radar Technology to Probe Mass Flux Retrievals in Deep Convection 

 

Courtney Schumacher (Texas A&M University) 

 

Purpose 

Japan hosts a network of phased-array weather radars (PAWRs) that can measure reflectivity and Doppler 

velocity in storm systems with exceptional time and space resolution. INCUS is a NASA satellite mission with a 

planned launch date in 2027. The mission consists of three Ka-band radars following each other in rapid 

succession (< 120 seconds apart) to retrieve mass flux in deep convection around the globe. The main thrust of 

this project was to support collaborative research between Texas A&M University and Nagoya University to 

utilize PAWR data to test the underpinnings of the INCUS mass flux algorithm. A broader theme of the project 

was to communicate on existing and future research opportunities associated with spaceborne radar observations 

from TRMM, GPM, EarthCARE, and AOS/PMM. 

 

Methods 

A dual-Doppler (DD) retrieval provided by Dr. Takahashi was used to analyze 3D wind fields from two adjacent 

PAWR radars in Saitama and Chiba (Fig. 1, left panel) for cases of interest during 2018. INCUS retrievals will 

only be made in convective cells that reach heights above the 0C level, so we vetted the database for deep 

convective events. PAWRs can observe the rapid evolution of storms system (i.e., full volume scans of multiple 

parameters over 30 seconds for the entire duration of a storm), so we analyzed the change of the reflectivity with 

time over the time scales to be sampled by the INCUS mission (30, 90, and 120 seconds). The innate resolution 

of the DD results are 250-m horizontal resolution (Figure 1, right panel), while the INCUS radar footprints will 

be 3 km, so we down sampled the DD retrievals to 3 km. 

 

 
 

Figure 1. (left) Dual-Doppler lobes for Saitama MP-PAWR and JRC X-band radars and observed reflectivity on 

27 August 2018. (right) Retrieved vertical motion at 2.5 km height and 250-m horizontal resolution for cells 

closest to Saitama MP-PAWR. Dashed magenta line indicates the location of the vertical cross sections in Fig. 2. 

 

In addition to providing the already-analyzed 3D wind fields, the Texas A&M scientists were given code and 

guidance to run the DD analysis on additional cases and to visualize and analyze the MP-PAWR data, which is 

more complicated than conventional radar observations. A site visit was made to the MU radar and the MP-

PAWR at Osaka University to further expand the team and radar resources to be leveraged in this collaboration. 

The Texas A&M team provided long-term rain type climatologies from the TRMM and GPM radars to Dr. 

Takahashi’s research group. Presentations were made by researchers from both universities on current research 

results. 
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Results 

Figure 2 shows an example of how we leveraged the rapid sampling and DD retrievals from the PAWR pair. The 

left panels compare the change in reflectivity and vertical motion profiles over 90 seconds for two convective 

cells at the innate 250-m horizontal resolution of the DD retrieval, while the right panels degrade to the 3-km 

horizontal resolution of the INCUS satellite radars. The 3-km comparisons show physically meaningful and 

promising results regarding the ability to retrieve DD winds from MP-PAWR for comparison to INCUS 

retrievals of w, and eventually for mass flux calculations. 

 

       250-m resolution     3-km resolution 

 
 

Figure 2. Vertical cross sections of MP-PAWR Saitama radar reflectivity (Z) and DD retrievals of vertical 

velocity (w) separated by 90 seconds at (left) 250-m and (right) 3-km resolution for 27 August 2018 at 17 LT. 

 

Analysis of the radar data set remains ongoing and the PI of the INCUS mission (Dr. van den Heever) would like 

Dr. Takahashi and collaborators at the MU radar and Osaka University to become international members of the 

INCUS science team. The interactions made possible by the ISEE International Joint Research Program have 

helped solidify collaboration between researchers at Nagoya University and Texas A&M University toward using 

specialized ground radar data sets to improve our ability to retrieve properties of atmospheric convection from 

space and enhance our ability to probe the internal motions of storms to better understand their dynamics, 

vertical mass flux, and rain-producing potential. The program has also promoted research endeavors related to 

past, present, and future joint US-Japan satellite missions (TRMM, GPM, and AOS/PMM). 

 

Period of Stay in ISEE 

C. Schumacher: 14-18 July 2025 

A. Funk: 14-23 July 2025 
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Nagoya University, Takahashi group, Nagoya Japan, 14 July 2025 

Presentation: C. Schumacher “Overview of INCUS Project” 

Nagoya University, Takahashi group, Nagoya Japan, 16 July 2025 

Presentation: A. Funk “TRMM/GPM Global Diurnal Rainfall and Small Cell Convection” 

Nagoya University, ISEE, Nagoya Japan, 16 July 2025 

Seminar: C. Schumacher “Global rain types” 

INCUS Science Team Meeting, Fort Collins CO USA, 4-6 November 2025 

Presentation: C. Schumacher “INCUS validation plan update” 
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