Feasibility Study of Cherenkov–Scintillation Separation in Liquid Scintillators Using Frequency-Domain Analysis
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Cherenkov light provides directional information of incident charged particles, which is highly desirable for liquid scintillator–based detectors. In conventional liquid scintillators, however, Cherenkov signals are typically overwhelmed by scintillation light due to their much lower light yield. Although Cherenkov photons are emitted promptly and exhibit faster rise times than scintillation photons, this potentially distinguishing timing information is significantly degraded by detector responses such as the transit time spread of photomultiplier tubes, making direct event-by-event separation challenging. As a result, various approaches have been explored, including time-domain–based methods [1], studies of water-based liquid scintillators with reduced scintillation yield [2], the use of fast photodetectors such as LAPPDs [3], and machine-learning–based waveform classification [4].
Motivated by these challenges, we present a simulation-based feasibility study exploring the possibility of distinguishing Cherenkov and scintillation contributions using a frequency-domain analysis combined with conventional time-domain features. Differences in arrival time and rise time are expected to appear as distinct characteristics in the frequency spectrum of the detected waveform. PMT waveform simulations are performed for both LAB-based and water-based liquid scintillators, and characteristic features in the time and frequency domains are analyzed. The achievable separation performance under various detector conditions is presented, along with the requirements and intrinsic limitations of the proposed approach.
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