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Study on Charged-Particle Identification Technique for CsI(Tl) Detectors Based
on QDC-Matrix Algorithm

Li Jianhong! ?, Xu Junhong! 2, Fang Yongde' 2, Jia Zihao" 2, Liang Wen" 2, Tan Yuhong' 2, Feng Xingshuo'*2,
Li Youyul’ 2 SALEH SANUSI" 2, Wang Zhixuan®, Zhang Qianchao3

(1. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Sino-French Institute of Nuclear Engineering and Technology, Sun Yat-sen University, Zhuhai 519082, China )

Abstract: CsI(Tl) detectors are widely employed for charged-particle identification (PID) in nuclear physics exper-
iments owing to their reliable pulse-shape discrimination (PSD) capability. To overcome the limitations of existing
digital PID methods—Iarge data volume, high computational complexity, and insufficient real-time performance—this
paper proposes a QDC-Matrix-based algorithm. The algorithm is based on the tri-exponential decay model of the
CsI(T1) signal, in which the three exponential terms correspond to the fast scintillation component, the slow scintilla-
tion component, and the electronic response component, respectively. By dividing the digitized waveform into multiple
integration segments and exploiting the temporal correlation between each segment integral and the tri-exponential
function, a system of linear equations is constructed. Solving this system yields the amplitudes of the fast and slow
components. Charged-particle identification is then achieved rapidly using the fast-to-slow amplitude ratio, which ex-
hibits a strong dependence on particle species. Unlike conventional approaches that require full waveform data, this
method significantly reduces data transmission and storage overhead. Monte Carlo optimization of the integration in-
tervals further ensures discrimination performance comparable to full-waveform fitting across the full energy range.
Experimental validation on typical fusion-evaporation reaction data demonstrates that the QDC-Matrix algorithm out-
performs the charge-comparison method and achieves results highly consistent with full-waveform fitting, substantially
improving particle-y coincidence statistics. The proposed algorithm provides a new, efficient, and practical solution for
high-performance PID in CsI(TI) detector arrays used in nuclear physics experiments.

Key words: CsI(T1) detector; charged-particle identification; QDC-Matrix algorithm
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