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Bronze, an alloy mainly composed of copper with additions of tin and lead, has been used for creating historical
cultural artifacts across the world. Analysis of the composition of these artifacts provides important insights
into their manufacturing techniques, trade routes, and cultural backgrounds. However, surface degradation
due to aging—such as oxidation, copper carbonate formation, and leaching of lead and tin—has significantly
altered the surface compositions of these materials. Conventional non-destructive X-ray fluorescence (XRF)
techniques are unable to probe sufficiently deep to access unaffected regions. Negative muons generated by
accelerators can penetrate materials to depths on the order of millimeters. By measuring high-energy char-
acteristic X-rays emitted following negative muon capture, the elemental composition at original, unaffected
depths can be non-destructively revealed. At J-PARC MUSE, non-destructive elemental analysis of cultural
heritage materials using high-intensity pulsed muon beams is actively being developed. A hemispherical
chamber system equipped with nine germanium semiconductor detectors optimized for high sensitivity at
low energies has been designed and operated[1]. This presentation introduces a non-destructive elemental
analysis of the bronze dolphins (*Shachihoko”) of Nagoya Castle, believed to have been produced during the
Edo period, as a case study demonstrating the applicability of this technique.

[1] 10.1007/s10751-024-01885-2

Email
mtampo@post.kek.jp

Funding Agency

Supervisors Name

Supervisors Email

Did you request an Invitation Letter for a Visitors Visa Application



Primary author: TAMPO, Motonobu (KEK)

Co-authors: DrKUTSUNA, Takahiko (History of Science and Technology); Mr SAKAI Masashi (Nagoya Castle
Research Center); Mr MURAKAMLI, Keisuke (Nagoya Castle Research Center); Mrs ASAHI, MIsako (Nagoya Castle
Research Center); MIYAKE, Yasuhiro (KEK); PANT, Amba Datt (KEK/J-PARC center); Dr YAMASHITA, Takuma
(Tohoku University); Ms MURATA, Ran (Tohoku University); SHIMOMURA, Koichiro (KEK IMSS)

Presenter: TAMPO, Motonobu (KEK)

Session Classification: Oral Contributions

Track Classification: Muonic X-rays



