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内容概要

•探测器研究的种类
• 位置测量
• 时间测量
• 能量测量
• 辐照测量

•总结与展望

https://indico.cern.ch/event/1058977/
10th Beam Telescopes and Test Beams Workshop

https://indico.cern.ch/event/1058977/


探测器位置分辨研究
• 束流望远镜，用于研究硅微条、硅像素型探测器
• FNAL

• 空间分辨5 µm
• 硅微条探测器覆盖 3.8 cm x 3.8 cm
• 未来升级为像素型探测器

• DESY
• 6层像素型传感器（MIMOSA26）
• 空间分辨率 ~ 2µm
• 传感器 2cm x 1cm，厚度50µm
• 像素尺寸： 18.4µm x 18.4µm
• DAQ： NI , TLU, EUDAQ
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位置分辨研究 – ATLAS ITk RD53A
• RD53A bump-bonded to 150µm n-in-p planar sensor, 50x50µm2

• Different punch through bias (PTB)
• Irradiated 3.4x1015neq/cm2

• Modules with and without PTB achieve global efficiency above 97%
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位置分辨研究 – ATLAS ITk pixel quad module

• Hit efficiency > 97% for irradiated modules
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位置分辨研究 – ATLAS ITk strip

• Short-Strip modules: S/N 16.9 (>10) efficiency > 99% noise occupancy < 0.1%
6



时间分辨研究 – ATLAS HGTD LGAD
• Low-Gain Avalanche Detector (LGAD)

• Radiation-hard + excellent timing resolution
• 4fC, <70ps, 2.5x1015neq/cm2

• ALTIROC: ~25ps, 2fC, 225 channels
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时间分辨研究 – FASTPIX
• Monolithic pixel sensor 180nm CMOS imaging process

• reaches a timing precision of O(150ps)
• spatial resolution 1.0µm -3.8 µm
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时间分辨研究 – ATTRACT
• Monolithic SiGe BiCMOS pixel sensor

• Power 1.8W /cm2 ,36ps, efficiency 99.9%
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量能器研究 – CMS HGCAL
• 5D (imaging) calorimeter using particle flow

• Silicon and scintillator section

• Measure particle trigger time with ~0.8 ns resolution
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SiPM-on-Tile



量能器研究 –用GNN对 𝝅进行能量重建
• 𝝅- energy reconstruction in HGCAL using Graph Neural Networks (GNNs)

• GNN method substantially improves the
energy resolution compared to simple energy
reconstruction based on 𝜒2 method
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量能器研究 – CALICE AHCal test beams
• AHCal: Analogue Hadronic Calorimeter

• Plastic scintillator tiles, SiPM readout
• Hadronic calorimetry few % resolution

• Good space and time correlations observed.
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Megatile
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IRRAD Beam Commissioning and User Run
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用户需求响应
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• 高能物理实验：
• 位置精度：3 µm
• 能量精度：<2%
• 能量范围：最低至100MeV
• 单质子计数率：1kHz以上
• 次级计数率：100Hz以上

• 航天器探测器测试需求：
• 面积：10×10cm2

• 计数率：1kHz以下

• 测试环境
• 温度环境： -40℃ ~ 100℃
• 磁场环境：~1.5T



总结与展望
• 束流测试线是开展探测器研究的重要基础设施

• 质子、电子、π介子、重离子束流等

• 主要开展的探测器研究包括
• 位置分辨：微条、像素型
• 时间分辨： LGAD、3D、CMOS, SiGe BiMOS等
• 能量测量： SiPM-on-Tile, 5D, HGCal，AHCal
• 辐照研究：材料、电子学、半导体探测器、量能器等

•未来束流测试平台：综合位置分辨、时间测量、能量测量、辐照等
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Backup
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束流测试线的种类
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粒子类型 束流能量 束流强度 供数时间 所属实验

质子 24 GeV CERN/SPS

质子 400 GeV CERN/PS

电子 0.45GeV ~ 6.3GeV 10k 99% DESY

质子 120 GeV 1k~900k 9 m/year FNAL

质子 1~66 GeV FNAL

质子 200 MeV FNAL



CERN has a test beam complex
• East Area

• Momentum : 0.5 GeV/c – 15 GeV/c

• North Area
• Momentum: 10 GeV/c – 400 GeV/c

• Capable to provide
• Protons
• Electrons
• Hadrons
• Pure pions
• Muons
• Tagged photons

• Diverse instrumentation for various purposes
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DESY II Test Beam
• Facility parasitically fed by DESY II synchrotron (PETRA III injector)

• 1 bunch per fill
• 1 MHz circulation frequency
• Energy ramps sinusoidal @ 12.5 Hz, 0.45 ~ 6.3 GeV
• Very high availability (~99% uptime)

• Test beam generation
• 3 primary carbon fiber targets generate bremsstrahlung photons
• Conversion at secondary target to e+/e- up to 6 GeV
• Energy selected with dipole / collimator
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时间分辨研究 – 3D
•小间距3D传感器

• 解耦电荷产生与漂移体积
• 抗辐照能力强 ~1016neq/cm2

• 漂移距离短，上升时间快
• 能量沉积扰动小
• 电场不均匀、造价高、单元电容大
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量能器研究 – CALICE SiPM-on-Tile
• Scintillator telescope with two coincidence triggers (Ch A+G)
• Two additional scintillator tiles (Ch C+E ) to determine time resolution

• Tile size 20x20 with time resolution ~380ps
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CERN Proton Irradiation Facility (IRRAD)
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Ultra Thin Beam Position Monitors
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IRRAD Beam Profile Monitors
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