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New Developments in Completely non-destructive analytical methods for Ancient Bronze artifacts
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This project focuses on PGA-prompt gamma-ray analysis, an effective technique for quantifying trace elements. By
combining it with muonic X-ray analysis for quantifying major elements, we aim to create and implement a fully non-
destructive analytical method for bronze artifacts.

In developing and validating this new analytical method, we will actively utilize bronze artifacts for which quantitative
chemical composition data has already been obtained via ICP analysis. Specifically, by performing PGA-prompt gamma-
ray analysis and muonic X-ray X-ray fluorescence analysis on bronze artifacts that have undergone ICP analysis, we will
cross-check existing quantitative data with new quantitative data. Through this process of verifying analytical data and
resolving issues, we will develop a more reliable, fully non-destructive analytical method for bronze artifacts.

In fiscal year 2025, the first year of this research project, we conducted PGA-prompt gamma-ray analysis and muonic X-
ray analysis on four bronze mirrors. While detailed examination remains a future task due to the lack of reported formal
measurement analysis results, our focus on utilizing ICP analysis data revealing quantitative chemical composition
enabled us to identify various issues with the preliminary analysis results. Moving forward, we aim to accumulate further
measurement data and, through interdisciplinary discussions with researchers involved in data analysis and measurement
method development, strive to create a reliable, completely non-destructive analysis method for bronze artifacts.
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1 2025 FEDAEAREN
x1 2025 FEOAERRERD [CP HHTHER

&5 #X Cu Sn Pb As Sb Zn Ag S Bi Ni Fe Co Au Mn Ca P Si Al a5t
[©) FigHERE (H-5) 70.75 | 22.19 | 5.243 | 0.33 | 0.392 | 0.003 | 0.129 | 0.029 | 0.041 | 0.076 | 0.052 | 0.034 | 0.006 - 0.03 | 0.008 | 0.062 | 0.008 | 99.4
@ EE T 68.34 | 24.64 | 4.81 | 0.010 | 0.010 | 0.002 | <0.001 | 0.040 | 0.003 | <0.001 | 0.010 | 0.001 | <0.001 - 0.020 | 0.005 | 0.010 | 0.005 | 97.9
® i EREEBR 78.14 | 13.74 | 4.89 | 0.348 | 0.304 | 0.006 | 0.117 | 0.103 | 0.036 | 0.073 | 0.057 | 0.013 <0.001 | 0.035 | 0.011 [ 0.08 | 0.002 | 98.0
@] SRR E AT AE SR 68.32 | 22.61 | 5.15 | 0.298 | 0.286 | 0.005 | 0.112 | 0.085 | 0.029 | 0.066 | 0.060 [ 0.018 | 0.004 - 0.050 | 0.033 | 0.188 | 0.040 | 97.4

K2 PGA-BIE vy MOMOMBIER

EAR No.3 EA No.2 EXR No.4
(= RBR R ERR) (BEE#TE) (WRIBEE N TTIESCER)
55,000 [s] B&5¢ 45,000 [s] B&5¢ 24,000 [s] B&5¢
wt% unc. wt% unc. wt% unc.

Cu (648.80 keV) 77.32% 0.860% 69.32% | 0.735% 72.32% 0.807%
Sn (1171.28 keV) 21.37% 0.247% 29.74% | 0.277% 26.64% 0.314%
Ag (657.50 keV) 0.415% 0.006% 0.180% | 0.003% 0.368% 0.006%
Co (1830.800 keV) 0.368% 0.025% 0.316% | 0.014% 0.364% 0.016%
Cl (1951.400 keV) 0.252% 0.002% 0.237% | 0.002% 0.040% 0.001%
Hg (5967.02 keV) 0.191% 0.003% 0.212% | 0.003% 0.199% 0.003%

Ni (8998.31 keV) 0.081% 0.006% 0.070% 0.007%
Total wt% 100% 100% 100%
Cu + Sn wt% 98.7% 1.1% 99.1% 1.0% 99.0% 1.1%
w/o Cu wt% 22.7% 0.3% 30.7% 0.3% 27.7% 0.3%

w/o Cu + Sn wt% 1.31% 0.04% 0.95% 0.02% 1.04% 0.03%
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