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【Purpose and Background of the Research】 
Solar flares and coronal mass ejections emit very high-

energy particles called “Solar Energetic Particles (SEPs).” 
Satellites often observe rapid increases in SEP flux, a 
phenomenon known as a SEP event. Large-scale SEP 
events pose a major threat in the current space exploration 
era as they can damage artificial satellites, harm astronauts 
exposed to flux, and cause communication failures. 
Therefore, an understanding of SEPs is necessary. 
However, the long-term occurrence characteristics of SEP 
events, such as their occurrence rate and upper limit are 
poorly understood because SEP events are not directly 
observed and recorded before the 1940s. 

Cosmogenic nuclides such as the 14C of tree rings and the 
10Be and 36Cl of ice cores are known as excellent proxy data 
of past extreme SEP events (tens of times larger than the 
largest SEP events in direct observations). We discovered 
signatures of extreme SEP events such as 775 CE and 994 
CE from the data of cosmogenic nuclides (Figure 1). These 
findings indicate not only the possibility of superflares in 
our sun, but also indicate the possibility of extreme solar 
phenomena in the future, which can profoundly affect the 
modern society. 

The purpose of this study is to identify the largest SEP 
event during the past 10,000 years by analyzing the 14C in 
annual rings and 10Be and 36Cl in ice cores and to clarify 
the frequency and characteristics of extreme SEP events. 
To evaluate the universality and peculiarity of the Sun 
among the sun-like stars, we will compare the data of our 
sun and the stellar flares of the sun-like stars. 

 
【Research Methods】 

To comprehesively detect the signatures of extreme SEP 
events, we will conduct a one-year resolution 14C analysis 
of tree rings over the past 10,000 years (Figure 2). In 

addition, the detected events will be characterized throuh 
10Be and 36Cl analyses of ice coress. 
 

 
【Expected Research Achievements and 

Scientific Significance】 
This research will provide long-term 14C data over the 

past 10,000 years, revealing the occurrence rate of 
extreme SEP events and the largest SEP event during that 
period. Furthermore, as various solar activities have been 
observed during the past 10,000 years, we expect to clarify 
the relationship between the occurrences of extreme SEP 
events and solar activities. 

The obtained data are not only important for 
investigating past solar activity, but are also potentially 
available for other investigations. For example, this study 
provides basic 14C dating data. The 14C spikes can be used 
as a one-year dating point, enabling the ultra-high-
precision 14C dating and one-year synchronization of ice 
cores and sediment cores. Such an unrestricted age 
indicator of regional and natural sample types is 
unprecedented and groundbreaking. 
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Figure 1 SEP events shown in 14C data  

 

Figure 2 Measurement periods for this study 
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