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Abstract  [Background] Complete kinematic measurements in the medium or high-energy region is a common

experimental method to study the structure and properties of exotic nuclides on the neutron-rich side. The experiment
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setup in the Cooling Storage Ring - Radioactive lon Beam Line in Lanzhou (CSR-RIBLLII), a typical nuclear
external target facility, comprises many detectors with different requirements. The anticoincidence (Veto) detector is
an essential part of the external target facility for eliminating the interference of charged particles and measuring
medium or high-energy neutrons with high reliability and performance by combining them with a neutron wall
detector. The original Veto detector with photomultiplier (PMT) readouts has many disadvantages, such as low
detection efficiency and poor uniformity, resulting in significant differences or contradictions between experimental
and calculation results. [Purpose] This study aims to upgrade the original Veto detector using wave length shifter
fiber (WLS) and silicon photomultiplier (SiPM) to improve the detection efficiency of charged particles. [Methods]
Firstly, a new configuration for the anticoincidence Veto detector unit was designed and the detector thickness was
increased by 5 mm compared to the previous Veto detector, resulting in a final thickness of 1 cm. The Veto detector
was embedded with 15, 7, and 3 WLS fibers from both ends, and read using SiPM. Furthermore, to systematically
explore the performance of the detector unit, a linear relationship was calibrated between the number of photons of
the SiPMs and the number of Analog-to-Digital Converter (ADC) channels. This relationship was used to accurately
calculate the threshold value, laying a foundation for calculating detection efficiency. Then, based on Multi-Wire
Proportional Chamber (MWPC), a detection efficiency test platform was established, and time position conversion
and track selection data analysis methods were developed as test methods. Finally, a detailed test on the whole and
each part of the anticoincidence Veto detector unit was carried out on the MWPC test platform. [Results] Test results
show the highest anticoincidence efficiencies of SiPMs at both ends for the Veto detector embedded with 15, 7, and 3
WLS fibers are 99.99%, 99.94%, and 99.82%, respectively; increased by over 22.74% compared with the original
Veto detector. [Conclusions] The new Veto detector based on WLS fiber and SiPM readout meets the needs of the
CSR-RIBLLII external target facility.
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Table 1 Wave length shifter fiber (WLS) parameters

AT R EAR S Pl I A 6T TE IS 7] TR
Minimum diameter / mm  Emission color Emission peak / nm Decay time / ns Decay length / m
1 %k Green 492 2.7 >3.5
&2 SIiPMBH

Table 2  Silicon photomultiplier parameters
BR AN BERT DGV M N i gN ] R 2 D& AT
Number of pixels  Pixel size / pm Spectral response Peak sensitivity Gain (typ.) Measurement condition
/ch range / nm wavelength (typ.) / nm /°C
14 400 50 270~900 450 1.7x10° 25
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Fig.2 Schematic diagram of embedding 15 WLSs in Veto
detector and read out by SiPM
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