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Cosmic-ray muons constitute a naturally available, highlypenetrating and non-invasive probe for the inspection oflarge-scale targets, including geological formations, civil-en-gineering structures and cultural-heritage monuments. ThisPhD work develops a plastic-scintillator-based detector arrayfor cosmic-ray muon transmission imaging, with emphasis onthe full chain from detector response and system construc-tion to quantitative image reconstruction.
The study first establishes a detector-design procedure basedon Geant4 simulations of particle transport and optical-pho-ton propagation. The effects of scintillator groove geometry,wavelength-shifting fiber configuration, optical coupling con-ditions and SiPM readout scheme on light collection and spa-tial response are investigated in a systematic manner. Aquantitative scaling relation between light-collection effi-ciency and array position resolution is proposed, providing apractical link between the optical performance of individualscintillator strips and the detector parameters relevant tomuographic imaging.
A meter-scale plastic scintillator tracking array is subse-quently constructed and characterized. The detector quality-control procedure includes Compton-edge-based light-yieldcalibration, attenuation-length measurements and channel-response uniformity screening. A 1 m × 1 m three-layer X/Yscintillator array, instrumented with SiPM readout and op-erated with a multi-layer coincidence trigger, is assembledand tested using laboratory flux-ratio imaging measure-ments.
Finally, two-dimensional transmission imaging and three-dimensional ART/SART density reconstruction are imple-mented for limited-angle muography, with application to theScIDEP Pyramid of Khafre case study. Region-of-interest met-rics, including Δρ, Cᵣₑₗ, CNR and Zᴿᴼᴵ, are used to evaluate thedetectability, contrast and reconstruction stability of low-density anomalies.
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