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Digging the past: Uncovering the archival detector data for intense solar particle
storms in mid-20 century

Sergey Koldobskiy (University of Oulu, Finland)

The ISEE International Joint Research Program Project “Digging the past: Uncovering the archival
detector data for intense solar particle storms in mid-20 century” led by Dr. Sergey Koldobskiy was
aimed at developing investigations and digitization for measurement diagrams in contemporary publications
and reports about early GLEs and the corresponding detectors, systematize and calibrate the data obtained,
and interpret the collected results physically and quantitatively.

Throughout the project, we successfully collaborated on the main activity described above while also
discussing possible collaborations on other topics.

In detail, we study and systemize data from non-standard detectors, which recorded solar particle events by
ground-level detectors (so-called GLE events) in the 1940s. We analyzed the contemporaneous reports,
digitized their diagrams, and standardized the SPE observations for GLE #1-4 registered in the 1940s. Here,
Dr. Sergey Koldobskiy applied multiple models on what Dr. Hisashi Hayakawa digitized from the
contemporaneous reports. These results allow us to qualitatively analyze the spectra of these GLEs. We
managed to get our result accepted for publication in the Philosophical Transactions of the Royal Society A
(Hayakawa, Poluianov, Koldobskiy et al., 2026). We also started some seed discussions for the analysis of
GLE #5 (23-Feb-1956) records with non-standard detectors. This GLE had the greatest flux and the hardest
spectrum and was also recorded by neutron monitors.

During the visit, Dr. Sergey Koldobskiy also had discussions with Dr. Nicholas Larsen regarding their
research on possible radiation doses for commercial air flights during geomagnetic reversal events.

During the project, Dr. Sergey Koldobskiy had one visit (17 days, 23 September to 9 October) to Japan to
work on the project and participate in the following events co-organized by ISEE: the 43rd NIHU
Symposium "Astronomy and Citizen Science" (solicited talk: “Implications of Synoptic Cosmic-Ray
Observations for the Recent Ground Level Enhancements and Extreme Cases”). Within the project, to date,
we have published two joint research papers:

1. N. Larsen, I. Usoskin, A. Mishev, S. Koldobskiy, and P. Vdisanen, “Reduced Geomagnetic Shielding
During the Laschamps Excursion and Its Impact on Cosmic - Ray - Induced Atmospheric Radiation,” J.
Geophys. Res. Sp. Phys., vol. 131, no. 2, p. 2025JA034820, Feb. 2026.

2. H. Hayakawa, S. Poluianov, S. Koldobskiy, et al., “The First Four Ground-Level Enhancements in the
1940s: Investigation, Digitisation, and Analysis of Forgotten Data,” Mar. 2026. arXiv:2602.24250 (accepted
for publ. in Philosophical Transactions of the Royal Society A).
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Reconstruction of Solar Surface Magnetic Fields from Archival Data

K P Raju (Indian Institute of Astrophysics)

Purpose:

Large-scale solar magnetic fields play a significant role in the dynamics of the solar atmosphere.
Magnetic fields are the basis for all solar surface and atmospheric features, such as sunspots,
prominences, streamers, and loops. Solar magnetic fields often spontaneously restructure, triggering
violent solar storms. A better understanding of the solar magnetic field and its behavior will enable
us to better predict space weather and take steps to mitigate its consequences. It is well known that
chromospheric lines, such as Ca K and H-alpha, are good indicators of solar magnetic activity.

It is possible to reconstruct solar surface magnetic fields over the past century from archival data.
The purpose of this research project is to reconstruct solar surface magnetic fields over the past
century from archival databases. The other aims are to study the relationship between solar surface
magnetic fields and solar storms and the impact of solar storms on human civilization. We also want
to examine the temporal and spatial variations of Ca K intensity and supergranular length scales. The
results provide a predictive tool for solar cycle amplitude and sunspot number, with implications for
space weather.

Methods:

We used the following datasets to reconstruct the magnetic field: i) The Ca K images from the
Kodaikanal Solar Observatory, which cover a period of about 100 years from 1907, ii) The archival
data from the National Astronomical Observatory of Japan (NAQJ), which covers nearly 60 years
from 1917, and iii) SDO/HMI magnetograms during 2010-2025. An empirical relation can be
obtained by comparing present-day Ca K images with magnetograms, and this can be used to derive
magnetic field information from archival data. The correlation between surface magnetic fields and
past solar storms can give insights into the impact of solar storms on human civilization. The data
analysis was done using Solar Software in the IDL environment.

Results:

We obtained magnetic field strengths and network length scales from SDO/HMI magnetograms
during 2010-2025. A polynomial fit shows a good correlation between the two quantities. The length
scales of the chromospheric network are obtained from the Ca K images of Kodaikanal and NAOJ.
The above relationship can now be used to derive magnetic field strengths from the 100-year data.
The reconstructed solar surface magnetic fields will help us study the relationship between these
fields and solar storms. Variations in chromospheric length scales will provide a predictive tool for
solar cycle amplitude and sunspot number.
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Figure 1. Magnetic field strengths are plotted against network length scales derived from SDO/HMI
magnetograms. The continuous line represents a polynomial fit.

I visited Kyoto University on Oct 3, 2025, and NAOJ on Oct 8, 2025, and gave seminars entitled

‘Characteristics of Supergranulation Network from Kodaikanal Archival Data’.
Period of stay in ISEE: August 21—November 15, 2025

List of publications: None yet; we hope to publish 2 papers in peer-reviewed journals.
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To constrain the physics of the origin of Maunder Minimum with historical
archival records

Dr. Bidya Binay Karak (II'T-BHU)

1. Summary

The Sun’s magnetic activity follows a prominent 11-year cycle, visible through sunspots and
magnetic field measurements. However, historical records show that there have been periods when
activity dropped drastically. The popular example of these is the Maunder Minimum. Fluctuations
in the properties of active regions (Bipolar Magnetic Regions) are believed to be the cause of these
events, as demonstrated through dynamo simulations. However, how the Sun recovers from such
event is an important subject of research. We have attempted this problem by considering the small
active regions such as ephemeral regions into our dynamo model and exploring their recovery.

2. Purpose
To investigate whether the Babcock—Leighton dynamo alone can explain recovery from grand

minima or if additional mechanisms are required.

3. Methodology

We empty the 3D kinematic dynamo code (Karak & Miesch Ap]J 2017), STABLE in which the generation
of poloidal field is captured by realistic sunspot properties. The fluctuations in the tilt angle is taken
from observed distribution. The large-scale flow is taken from observations.
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Caption: Top: Radial magnetic field on the surface of the Sun, middle: Locations of sunspots, bottom:
Toroidal magnetic field at the base of the convection zone. All are plotted as function of latitude and time.

4. Results

We simulate the solar cycle using the model described above for several thousands of years. We
find irregular variation in the solar cycle including frequent grand minima. We find that the grand
minima arise due to random tilt variations in sunspots. A significant number of sunspots still exist
during minima and help sustain the cycle. However when the sunspot disappear for a few years, the
model fail to recover from the phase as shown in the figure. Currently we are conducting
simulations at different parameter regions and trying at what condition the model recovers from the
grand minima. Due to limitations of the computing resources, the project was not completed in
scheduled time, however, we are working on it and we expect to complete it soon.

5. Period of stay in ISEE

27 — 29 September, 2025
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Extracting archaeological value from small fragments of earthenware excavated from Japanese
medieval ruins using magnetic analysis
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Determination of the age of a natural hazard event by tree-ring dating method with an error of zero years
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Philological and Astronomical Study on Solar Eclipse Records from the Byzantine Empire
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JEREFLERIZ OV T T 21T > CTE 7= (Murata et al., PAS] 2021; Murata & Hayakawa, De Medio Aev
0 2024fth) . ARWFZETIE, 7154 Z S 2 O STIREEEI O 6 KICHAR L2 ideh L B L B G 2 it
T 5 f Fﬁ%‘:%’ﬁ T 5, ENENOREDAER SN 52 T B LOBELFOM AN L, 20
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D E<HBLNTNEW L D2 OERE A BRCERIZINZ . _ﬂiT%E SNTI ol FEESHEARDOHR
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MEEERA T 1 7 R L0 ERFETFHERBR BT O 36 R EMe4Em) . ATHEIX Tinterpreting C
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yl OBEHE T, FJIIEX TA Status Report on Archival Investigations for Solar Cycles in the Maunder Mini
mum Based on Historical Records] M H T, ZhZh - ViFEBROFEEEFIH LD, HDWIT
£ DFLERZ MO OB SRS T > >#E 21T - 72,
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Precision long-term paleoclimate reconstruction using a combination of peat deposits and tree rings
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ZEREL T HIRERIMMEE DN I0ER r— v & 705 9 2, RNERE 2 LE T DR EERZE DA TRV E VW)
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KAZB T DN RE L 725, 2O X 5 @ EiEE - @ E ORI &AL, BiEETH
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AT EIZ, 1) BABIEZITRNR R 35 1) 5 S 72 4 H) S 038 E 36 L O AIFT 7] H 55 O (i,
2) B AEHORE, 3) JRRHERM OB a— 2 5T 5 72 O FEREREE ORI, D35 % Eff
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1) (2B L T, BABEZITHREMIC IS8T B 4TS T, I C 6 #aUC K - TIRRHEREY O HE
FEENRKE S B2 EnMESN TS BT IVUNBRKREELD, 2023) . £ 2T, SEITHF5E0HE]
LBk E R MIIE T — X LA DY TN 5 2 & T, BRI RS IE < HEFE L T2 S 4 (E 5 (25
E LT, WEEYDICEER S~ RHREOT TR 21TV, HHl2Eiid 2 T ETHD.

2) IZBE LT, BARBLAOHIRIZE W T HiBERTHEO N RET — % Z5tek L TV SR IRHEREY
DIFEERF L& A, MEROBRIBE (BEE550 m) ([CIRRHEFEMMNHERE L T\ 5 2 & 23R
= (FkF, 1996) . VRIRHEREMIZIRERIZ mTHI30,0004ERTOFEMNEE R L TR Y, EHMIChz 5
B 7Rk 2 RITF L CWV D A[REMEDR B 5. YR HIBRIC B W CH RSPl HEE 21TV, Al KO0V
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5 | CHk
PR, =5, A)IMEE (1996) BIGRFSEH R HER O 0. EERhRETEHE
ZH=. 119-127.
MREF PN ARG BT (2023) B A e R AR At oR
Shinozaki T., Uchida M., Minoura K., Kondo M., Rella S.F. (2011) Synchronicity of the East Asian
Summer Monsoon variability and Northern Hemisphere climate change since the last deglaciation. Cl
imate of the Past Discussions 7, 2159-2192.
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Dendrochronological Analysis of Yakusugi Woods to Form the Basis Data for High—Precision Da
ting and Climate Reconstruction in Southwestern Japan
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Solar activity and solar science investigated through the observations of long-term sunspot
observers, Shizuo Tanaka and Kenichi Fujimori.
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Regional effects of atmospheric 4C concentrations in the 2nd to 3rd centuries.
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Metadata conversion and registration in institutional repositories to 1
mprove the visibility and availability of interdisciplinary research dat
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International exchange on chemical pretreatment and measurement techniques
for isotope analysis of geological and archaeological samples

Yoshihiro Asahara (Graduate School of Environmental Studies, Nagoya University)

1. Purpose of this project

Through this international technical exchange (ITE), geochemistry and archaeology researchers from
Nagoya University (NU) and the Korea Institute of Geoscience and Mineral Resources (KIGAM) share
techniques for chemically preparing and measuring samples using mass spectrometers. The goal is to enhance
the researchers' technical capabilities, including those of early-career scholars, through personnel exchanges,
thereby improving the accuracy of isotope analysis in geological and archaeological samples. While FY2024
focused on improving analytical techniques for geological samples, such as sediments and rocks, FY2025
applies these techniques to archaeological and geological samples as part of a research initiative on the
Transdisciplinary Network linking Space-Earth Environment Science, History, and Archaeology. This project
focuses on analyzing isotopes of lithium (Li), strontium (Sr), and neodymium (Nd) in various geological and
archaeological samples.

2. Methods

The project members are Dr. Seung-Gu Lee, KIGAM, Korea; Dr. Narges Daneshvar, Institute for
Space—Earth Environmental Research (ISEE), NU; Mr. Kazuma Wakayama and Mr. Takashi Tsuchiya,
Graduate School of Environmental Studies (GSES), NU; Prof. Seiji Kadowaki, Nagoya University Museum
(NUM); Prof. Masayo Minami, ISEE, NU; and Dr. Asahara, GSES of NU.

In this project, the chemical pretreatment of the samples was carried out in the cleanroom chemistry
laboratories of GSES of NU and KIGAM. The following mass spectrometers were also used in the project:
(a) thermal ionization mass spectrometer (TIMS), GVI IsoProbe-T, with 9 Faraday cups (NU),

(b) multi-collector inductively coupled plasma mass spectrometer (MC-ICP-MS), ThermoFisher Scientific
Neptune Plus, with 9 Faraday cups (KIGAM), and

(c) inductively coupled plasma mass spectrometers (ICP-MS), Perkin Elmer NexION350 (KIGAM) and
Agilent 7700x (NU).

3. Periods of stay in ISEE / International stay
(i) Stay in KIGAM, Korea, from 22/2/2026 to 27/2/2026. Asahara, Y., Wakayama, K.
(i1) Stay in ISEE, NU, Japan, from 16/3/2026 to 21/3/2026. Lee, S.-G.

4. Achievements obtained from the program
4-1 Sr and Nd isotope ratio measurement for archaeological samples by TIMS (Apr. 2025~Mar. 2026)
Tsuchiya, Kadowaki, and Asahara focused on the relationship between the archaeological types of
the Jomon pottery excavated from the Tenjinyama site in the Chita Peninsula, Aichi Prefecture, and their
chemical and Sr isotopic compositions. Daneshvar, Minami, and Asahara examined the provenance and
chemical and Sr-Nd isotopic characteristics of Haji pottery excavated from the Irino Castle ruins in Shikoku
Island of Southwest Japan. The results of Sr isotope analysis of Jomon pottery from the Tenjinyama site suggest
that the source materials likely came from the Chita Peninsula region surrounding the excavation site.
Additionally, the chemical and isotopic analyses revealed that changes in source material coincided with shifts
in pottery styles. Meanwhile, the chemical and Sr isotopic compositions of the Haji pottery from the Irino
Castle ruins indicate that the source materials originated from the neighboring southern Shikoku region. A
comparison with geochemical maps in the context of provenance analyses of archacological samples also
revealed certain issues with the geochemical maps. Specifically, the maps show depletion of zirconium (Zr)
and heavy rare earth elements (HREE). Likely, the sediment sample preparation method used to create the
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geochemical map is slightly flawed: heavy minerals, such as zircon, were significantly fractionated from other
minerals during sample preparation. However, since these heavy minerals contain virtually no Sr or Nd, they
do not affect Sr and Nd isotope ratios, and therefore, the isotope ratios are effective tracers for provenance
analysis of archaeological sample sources.

Young researchers Tsuchiya and Daneshvar discussed the above results with Dr. Lee at the Annual
Meeting of the Geochemical Society of Japan (Tohoku University, Sendai) in Sept. 2025 and during Dr. Lee's
stay in Nagoya in Mar. 2026. Based on this discussion, Tsuchiya and Daneshvar have each finished the first
drafts of their respective papers as lead authors and plan to submit them to international journals during the
first half of FY2026.

4-2 Li isotope ratio measurement by MC-ICP-MS (Oct. 2025~Mar. 2026)

Lee, Wakayama, and Asahara performed Li isotope ratio ("Li/°Li) measurements on volcanic rock
samples by MC-ICP-MS at KIGAM (Fig. 1). To reduce the impurities of titanium (Ti) and Zr in the chemically
isolated Li fraction, which posed a challenge during the MC-ICP-MS measurements of Li isotopes in the
FY2024 ITE project, we reconfigured the separation conditions of the ion-exchange resin column used in the
chemical pretreatment. This significantly reduced the matrix elements in the Li fraction through two rounds of
the column separation. Using this improved method, Li was
isolated from the GSJ geochemical reference samples and the
Quaternary volcanic rock samples in the Northeast (NE) Japan
Arc, and the Li isotope ratios were measured using KIGAM’s
MC-ICP-MS in dynamic mode. After confirming that the Li
isotope values of the reference rock samples were consistent
with previous study results and were found to be sufficiently
accurate, the Li isotope ratios were measured for several
volcanic samples from the NE Japan Arc. In FY2026, we plan
to systematically conduct the isotopic analyses of Quaternary

volcanoes in the NE Japan Arc using the methods established : il :3 N
through the ITE pI‘OjCCt from FY2024 through to FY2025 by Fig. 1 Li isotope ratio measurem;ant on volcanic roci<

NU and KIGAM. samples by MC-ICP-MS at KIGAM (Feb. 2026).

4-3  Cross-validation of Nd isotope measurement between MC-ICP-MS and TIMS (Dec. 2025~Mar. 2026)

In MC-ICP-MS, unexpected isotopic fractionation, which cannot be corrected, can occur due to
changes in the condition of the solution sample introduction system or the plasma ion source, or due to the
introduction of matrix elements (impurity elements) in the chemically separated sample solution. Dr. Lee,
Daneshvar, and Asahara reanalyzed samples for which the Nd isotope ratio data obtained using KIGAM’s MC-
ICP-MS were considered anomalous for Nd isotope ratios, using the TIMS at NU. Since the cause of this
anomaly could be trace amounts of matrix elements such as Ce and Sm present in the Nd fraction after chemical
separation, we measured the Nd isotope reference material, INdi-1, as well as JNdi-1 samples doped with trace
amounts of Ce and Sm. As a result, normal isotope values were obtained from all samples, including the isotope
reference material.

In TIMS, even if the Nd fraction contains trace amounts of impurities, the Nd and impurity elements
on the filament will evaporate and ionize sequentially as the filament heats up. Experiments using geological
and archaeological samples have confirmed that abnormal isotopic fractionation is less likely to occur or is
less pronounced compared to MC-ICP-MS, where all elements ionize simultaneously. These results suggest
that chemical pretreatment tailored to the sample is as important as instrument calibration in isotope analysis
of various samples.

5. List of publications

1) Daneshvar, N., Azizi, H., Stern, R.J. (2025) Late Jurassic-Early Cretaceous sediment-hosted Zn-Pb mineralization in
western Iran: a world-class example of passive margin mineralization. International Geology Review 68, 162-186.

2) 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, 34798.
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