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Advanced Non-Destructive Element-Sensitive 3D
Tomography Using Muon-Induced-Xray-Emission

(MIXE)

Muon-Induced X-ray Emission (MIXE) [1-4] is a non-destructive analytical technique that leverages negative
muons to probe elemental and isotopic compositions by detecting characteristic muonic X-rays emitted during
atomic cascades and gamma rays from nuclear capture processes. By controlling the muon beam momentum,
MIXE enables depth-resolved analysis, spanning microns to centimeters, making it ideal for studying compo-
sitional variations in fragile, valuable, or operando samples. Significant advancements in MIXE technology
have been achieved at the Paul Scherrer Institute (PSI) [5-7], facilitated by the high-rate continuous muon
beam.

To establish a universal tomographic approach, additional muon tracking was incorporated using a twin GEM-
TPC tracker, originally developed for heavy-ion detection at FAIR [8]. This enabled precise reconstruction of
muon trajectories and correlation with emitted X-rays, yielding three-dimensional, element-specific informa-
tion. The resulting technique, MIXE Tomography (MIXE-T), offers high-resolution, depth-resolved elemental
analysis for a broad range of applications.
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