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To explore violation of neutrino CP symmetry, it is crucial to measure neutrino
interactions with matter with unprecedented precision. The Tokai to Kamioka long-
baseline neutrino oscillation experiment, T2K, is progressing with the development and
construction of a new neutrino detector called SuperFGD, aiming for a detailed
measurement of neutrino interactions. SuperFGD consists of approximately 2 million
plastic scintillator cubes with a 1*1*1 cm? each, arranged to detect charged particles by
recording the deposit energy in the cubes. This detector allows for the capture of ultra-
high-resolution tracks in three dimensions, which was previously impossible, enabling
a more detailed study of neutrino interactions.

We evaluated the measurement capabilities of neutrino reactions using the SuperFGD
detector. The unique features of SuperFGD enable the measurement of low-momentum
particles that were previously impossible with traditional neutrino detectors. Therefore,
optimization of the selection of muon neutrino interactions with a charged pion in the
final-state (CClm) was carried out, contributing to the improvement of neutrino
oscillation measurements.

In this thesis, we first describe the verification of the newly developed readout
electronics boards to realize the SuperFGD detector. We developed a system required
to efficiently verify the operation of multiple-channel readout electronics for about 2
million scintillator cubes in a short time. We conducted the verification of around 240
electronics boards using this system, thereby completing the construction of the
SuperFGD detector.

Next, we describe the evaluation of the detection efficiency of CClxz interactions in
SuperFGD using Monte Carlo simulations. Specifically, we developed Monte Carlo
simulations with NEUT generator and various reconstruction tools with the SFGD.
Due to the size and geometry of SFGD cubes(lcm? each), the detection of short tracks
has been improved. Moreover, the timing precision of new electronics combined with
track matching allowed reconstructing decay electron tracks coming from pion to muon
to electron decay chain using the characteristic decay time of muon(~2.2us).



Implementing cuts based on this information we are able to reconstruct the 90% of the
pion tracks stopping inside SFGD. We assessed the improvement in the detection
efficiency of CC1n" with the SFGD as ~60%.
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