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The search for charged lepton flavor violation (CLFV) plays a vital role in probing a
profound nature that even the standard model (SM) of high-energy particle physics cannot
explain. The muon- to-electron (u-e) conversion process, in which a muon captured by an atom
decays to only a single electron with constant energy of 105 MeV, violating the muon and
electron flavor conservation, is one of the most investigated CLFV channels. The COMET
(COherent Muon-to-Electron Transition) experiment will search for p-e conversion in
aluminum at J-PARC in Japan in a staging approach. The second-phase (Phase-II) experiment
aims for an excellent sensitivity of 1017, which improves the latest record 10000 times and
reaches the conversion rate suggested by several theories beyond the SM.

The Kyushu University group has contributed to the development of the StrECAL detector
system, consisting of the straw tube tracker and electromagnetic calorimeter (ECAL), which
measure the momentum and energy of the 105 MeV electrons with a great resolution. The
straw tube tracker tracks spiral particle trajectories in a magnetic field with layers of
straw-shaped extremely-thin gaseous chambers that can even work in a vacuum to minimize
energy loss. The ECAL has adopted the LYSO inorganic scintillating crystal, which has
desirable properties in energy measurement.

This thesis is to present a simulation-based study result to check the feasibility of the
Phase-II sensitivity based on realistic StrECAL performance. In order to evaluate the
performance, a StrECAL detector prototype was constructed and examined with electron beams
at ELPH in Tohoku University, Japan. The straw tube showed a spatial resolution of around
100 pm, and the ECAL showed an energy resolution of 3.91 + 0.07%, a time resolution of 0.54 +
0.12 nsec, and a position resolution of 7.65 + 0.07 mm at 105 MeV/c; they meet all the
requirements.

With the COMET-official suite for simulation and analysis, the observed StrECAL
performance was successfully reproduced, and full-simulated Phase-II events from the primary
proton beam to the detector response were produced. The reconstruction algorithms were also
developed and implemented by utilizing machine learning techniques, as well as several quality
cuts. They give a momentum resolution of 190 keV/c for the signal electrons with an overall
efficiency of 72.5% while securing a good signal-event purity of 97.6% in the reconstructed
events.

Based on the evaluated analysis performance, the total experimental acceptance of
Phase-II is estimated at 0.034 with the default measurement timing window from 600 to 1200
nsec, which means a single event sensitivity of 1.4 X 10717 can be accomplished in one-year data
taking. Although the systematic uncertainty is evaluated at 11.6% in total, the reconstruction
and analysis parts have only 1.2%. They also show a stable performance for different

timing-window configurations.



