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1.1 Physical nature of muons
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1.2 Generation of negative muon beams
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1.3 Processes of muonic X-ray emission

Muon Induced X-ray Emissionl (MIXE)
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1.4 Advantages of MIXE method
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Transition metals.
Lanthanoids

Periodic Table Groups

@®High energy, high penetrating capability (~200 times of electrons, induced X-rays with an
energy in 10s keV — 10MeV)

@Energy dependency on atomic number (multiple atoms/elements distinguishable at one time)
@Better sensitivity to low-Z materials (high X-ray energy that can be responded by detectors)

@ Adjustable muon beam momentum (depth analysis of elemental distributions)
@®Non-destructive measurement (no radiation risk to materials)
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1.5 Multi-field applications
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APPLICATIONS


https://link.springer.com/referenceworkentry/10.1007/978-3-030-60016-7_3

1.6 Instruments at muon facilities

Pulsed beam

Continuous-Wave beam
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Il. Simulation on coded aperture imaging



https://www.piet-mondrian.org/composition-checkerboard-dark-colors.jsp

2.1 Existing imaging methods
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2.1 Existing imaging methods
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https://www.sciencedirect.com/science/article/abs/pii/S0168900217311907

2.1 Existing imaging methods

Pinhole imaging + CT
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2.1 Existing imaging methods
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https://www.nature.com/articles/s41598-022-09137-5

2.2 Coded aperture (multi-pinhole) imaging

Direct imaging: 11/ nois= / high efficiency Coded apertne ]

Pinhole imaging: low noise / |0y 27fi<iznsy

Modified Uniformly Redundant Array (MURA) coded mask

Reconstruction

Z. Lin, Z. Pan* et al., NIMA 1034 (2022) 166783

CODED APERTURE


https://www.sciencedirect.com/science/article/pii/S016890022200290X?via%3Dihub
https://opg.optica.org/ao/abstract.cfm?uri=ao-28-20-4344

2.3 Modelling in Geant4

® Muon: 32.9 MeV/c @ 32x32 mm?

@ Sample: 31x31x2 mm3

. ® Coded mask: MURA array 61x61 pixels
@ Detector: CdTe detector
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2.3 Modelling in Geant4

@ Muon: 32.9 MeV/c @ 32x32 mm?
@ Sample: 31x31x2 mm3
® Coded mask: MURA array 61x61 pixels
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https://www.sciencedirect.com/science/article/pii/S016890022200290X?via%3Dihub

2.3 Modelling in Geant4
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2.4 Results and comparison
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3.1 Experimental configuration
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3.1 Experimental configuration

> As three SiPM pixels dropped
can be used!

SETUP MELODY2023
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3.2 Single-source measurement

Rank-7 MURA mask

DETECTION SYSTEM




3.2 Single-source measurement
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3.2 Single-source measurement
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3.2 Single-source measurement
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3.2 Single-source measurement

Reconstructed images varying source-detector distance
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3.3 Double-source measurement

Reconstructed images varying source-detector distance
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4.1 Summary
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The feasibility of using the coded aperture
imaging method in the field of MIXE
imaging was confirmed in Geant4
simulations and alternative experiments

Due to the usage of a coded mask, its
thickness will limit the detectable energy of
muonic X-rays. Thus, the observable
atomic number is limited.

The pixel size limits the position resolution
of a imaging detection system

SUMMARY



4.2 Prospects on instrument developments

®Detector
v CdZnTe: 16x16 cells
v. 1 mm?cell size

v Signal digitization

®Algorithm
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v Machine learning >
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