Studies on timing performance of BGO crystal scintillator
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Introduction

The future Circular Electron-Positron Collider (CEPC) is envisioned as a large-scale Higgs factory. For its detector system, a highly granular crystal electromagnetic
calorimeter has been proposed to deliver 5D information, encompassing the x, y, z coordinates, energy (E), and time (t). This calorimeter features a homogeneous structure
with long crystal scintillator bars as the active material, with BGO crystals and SiPMs identified as the preferred components. The role of time information in calorimeters
IS Increasingly critical; it not only helps distinguish pile-up effects but also aids in particle identification, shower reconstruction, and enhances the calorimeter's energy
resolution. Therefore, optimizing and understanding the timing performance of this detector design is of paramount importance. The timing resolution of the detector unit,
consisting of a BGO crystal and two SiPMs, was thoroughly studied through beam tests and simulations under various conditions.
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greatest impact on time .  mpitior the highly granular crystal ECAL. Through comparative analysis, the leading-edge

resolution, while sampling fitting method was identified as the optimal timing technique. Beam tests were

rate and amplification conducted under various conditions, measuring the time resolution of BGO crystals

factor have minimal effect (4 to 40cm) at 1-MIP using a pion beam, with results ranging from 0.45 to 0.75ns. An
on time resolution fr b o prooseas e electron beam was also used to assess a 40/60cm BGO crystal at different shower

depths, achieving an optimal resolution of 0.2 ns. Simulations were performed to
Identify key factors influencing time resolution, such as light yield and decay time.
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