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particles. Since the light directly emitted is always weak, the photomultiplier tube (PMT) is used to realize the photoelectric conversion and the electron
multiplication. The time to digital convertor (ITDC) and charge to digital convertor (ODC) are two kinds of signal analysis plug-in which can record the time
and charge information of the input signal. In recent years, the development of the fast analog-to-digital converters (FADC) which can record the whole
waveform makes it possible to offline analyze the information carried by the waveform with different methods and obtain more information.

charge comparison method whose performance strongly depends on the energy range of the incident particle. Inspired from literatures, a model based on
convolutional neural network (CNN) was developed and the accuracy of the piled-up n/y discrimination for CLLB crystal can reach 97%. Besides the energy
information carried by the pulse, the time information is also important when reconstructing the particle trajectory especially in the application of time-of-
flight detectors. The traditionally used timing methods, including the leading edge discrimination (LED) and the constant fraction discrimination (CFD), are
easily realized in the circuit but obviously the time information of the pulse has not been precisely obtained since only part of the signal is used in the timing

Machine Learning Applications in
PMT Waveform Analysis

|I ..|.-
|

ICHEP 2022

1
-

b 7 { 18 %4k f if 24 L_ Ila;':; Wu Q1, Peng Shuo, QIAN Sen, Chen LingYue
BTN T Al Institute of High Energy Physics, Chinese Academy of Sciences

It of High Esengy PFindact Chesids Acadsimy of Sosnied

Introduction

In high energy physics experiments, the radiators are widely used which emit light pulses at certain wavelength when interacting with the incident

Pulse shape discrimination is a waveform-based method to discriminate between different kinds radiations. The traditional used PSD method is the

analysis. A CNN-based model has been built and the timing results show a 50% improvement compared with the CFD method.

1. PSD using charge comparison method 2. CNN based piled-up PSD method
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; 3. CNN based timing method _‘
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» A piled-up n/y discrimination system with the CLLB crystal based on CNN has been developed and the accuracy can reach 98.6% for double pulses.
» The CNN method has been proved to well identify the different time properties in the PMT waveforms and realized the correction. The time

improvement can reach 50% compared with CFD with the Cherenkov data.

» More features are expected to be well extracted and corrected with the machine learning method from the PMT waveforms, such as the energy, the

nonlinearity and the energy resolution of the PMT-based detection system.
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