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試料、実験方法、利用の結果得られた主なデータ、考察、結論等を、記述して下さい。（適宜、図表添付のこと） 

Please report your samples, experimental method and results, discussion and conclusions.  Please add figures and 
tables for better explanation. 

1. 試料 Name of sample(s) and chemical formula, or compositions including physical form. 

Kapton film 

Gold-Silver alloy 

Tempo-Tsuho (old Japanese bronze coin) 

 

 

 

 

2. 実験方法及び結果 （実験がうまくいかなかった場合、その理由を記述してください。） 

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

In order to certify the elemental composition measurement results of 2010A0051 for a Tempo koban (an old 

Japanese gold coin) we measured muonic X-rays from standard gold-silver alloy at the MUSE D2 port.  We 

also tried to analyze the elemental compositions of two different mint Tempo-Tsuho coins, old Japanese bronze 

coins. 

The samples were set in a vacuum chamber used for the previous experiment (2010B0080) and three Ge 

detectors were used. 

Two Au-Ag alloy samples with Au content of 80% and 60% were analyzed in order to check the negative muon 

capture probability ratio of Au and Ag.  The summarizing Figure 1 shows that the Au/Ag capture ratio was 

1.97±0.09 slightly higher than the value predicted by the Fermi-Teller Z law.  By using this experimental value 

the elemental composition of the Tempo koban was determined as 72% and 57 % at the sub-surface and the 

interior, respectively. 

Two Tempo-Tsuho coins showed very similar elemental compositions containing copper, tin and lead.  By 

comparing with the measurement data for modern bronze of known composition, we are now estimating the 
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2. 実験方法及び結果（つづき） Experimental method and results (continued) 
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Au 60% Ag 40%:
(muon capture in Au)/ (muon capture in Ag) = 4.27+‐0.33

A(Au/Ag) = 1.95+‐0.15 

Au 80% Ag 20%:
(muon capture in Au)/ (muon capture in Ag) = 1.63+‐0.03

A(Au/Ag) = 1.99+‐0.11  

From μAg 4‐3 and μAu 5‐4 Intensities

A(Au/Ag)
= 1.97+‐0.09  

 

 

 

 

we may conclude that the mint technique at the late Edo era was established and produced coins of uniform 

quality. 

 

 

 

 

Figure 1. Muonic X-ray spectra of Au-Ag alloy samples. 




