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Gain Match Studies for Gas Electron Multipliers for the MUSE Experiment at PSI

Abstract

The Proton Radius Puzzle, the discrepancy between proton charge radius measurements from
electron—proton and muon—proton systems, remains a major challenge in modern nuclear physics.
The Muon Scattering Experiment (MUSE) at the Paul Scherrer Institute addresses this problem by
simultaneously measuring electron and muon scattering with alternating beam polarities to control
higher-order corrections affecting the radius extraction. Central to the experiment is a Gas Elec-
tron Multiplier (GEM) telescope used to track individual beam particles at different beam momenta.
This thesis presents the analysis of GEM detector data from raw signals to reconstructed clusters
and hits, including studies of detector efficiency, spatial resolution, and signal response. A detailed
investigation of GEM gain response is also performed, focusing on strip-level gain uniformity along
both X and Y readout axes. Using a custom diagnostics framework within the PSI analysis software,
cluster properties and strip occupancies were analyzed to generate normalized gain maps while ac-
counting for pedestal subtraction, common-mode noise, and dead channels. These results characterize
gain uniformity across the detectors and provide essential calibration input for improving tracking
reconstruction and reducing systematic uncertainties in the proton radius measurement.
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