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Muon Induced X-ray Emission (MIXE) [1] is an advanced non-destructive technique that utilizes muons to
analyze the elemental composition within materials. This method is particularly valuable in fields requiring
non-destructive structural analysis, such as archaeology, battery research, meteoritics, environmental science,
geology and mechanical engineering. The use of the high-rate continuous muon beam at the Paul Scherrer
Institute (PSI) has facilitated significant advancements in MIXE technology[2].

To advance the technique towards a universal tomographic method, additional tracking information from incoming muons was employed. This configuration facilitates layer-by-layer scanning of samples, establishing it as the most advanced technique for element-sensitive 3D tomography. To this end, a Twin GEM-TPC (Gas Electron Multiplier based Time Projection Chamber) tracker, initially developed for heavy-ion tracking at FAIR[3], was evaluated and characterized in collaboration with the RD51 collaboration at CERN and the University of Helsinki.

An independent small fiber detector was constructed and used successfully to calibrate the drift time for both GEM-TPC chambers with high precision. The initial proof-of-principle measurements during the 2023 campaign demonstrated the capability of the combined MIXE and tracker setup for element-sensitive imaging with resolutions on the order of 1 mm.

However, the detector initially faced limitations due to multiple scattering in high-density gas (Ar/CO2) mixtures, restricting it to relatively high muon momenta (p \protect $\geq$ 45 MeV/c). To minimize the scattering effect, a gas mixture of helium as the sensitive material and CO2 as the quencher replaced the previous Ar/CO2 mixture, and finally we choose a He/CO2 ratio of 90:10. This adjustment allows for probing the samples at lower muon momenta, closer to the material surface, and enhances spatial resolution. The new prototype, evaluated during the 2024 campaign, demonstrated that we are among the few groups to successfully operate a GEM-based TPC stably with such a gas mixture.

Addtionally, with the new prototype, the samples can be tested at muon momenta down to∼ 25 MeV/c, while
initial results still showing robust imaging capabilities.

For the first time, the combined use of MIXE and low-density gas TPC technologies has realized world-leading, element-sensitive 3D tomography. This report will present the current progress and latest results. Future efforts will further extend the applicability of this technology across diverse fields by upgrading the tracker's performance and increasing detection sensitivity.
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