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粒子物理
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◼粒子物理，也称高能物理, 是对分子(➔化学)、原子(➔凝聚态物理)、
原子核(➔核物理) 研究的自然发展与深化

atom              nucleus               nucleon                  quark
原子 原子核 核子(质子、中子） 夸克

10-10 m               10-14 m                     10-15 m                    <10-17 m 

物质世界的基本组分及其相互作用是自然界最基本的科学问题之一



粒子物理研究的内容与目标
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粒子物理
标准模型
（SM）

强子物理及QCD

中微子

CP 破缺

精确
测量

高能量

高强度

轴子
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宇宙学
标准模型

Higgs

宇宙学

➢ 构成物质世界的基本粒子

➢ 粒子之间的相互作用

➢ 基本粒子的性质

➢ 理解宇宙起源与演化
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只要有绝妙的物理 “概念”就好了，
为什么还要创造新的工具？
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CERN – LHC 大型强子对撞机

• 世界上最大的高能粒子
物理实验装置

• 上万名世界各地的科学家

• 四大对撞实验
（ATLAS，CMS，ALICE, LHCb)

• 2012 发现希格斯粒子

• 2013 诺贝尔奖

• 2025 “基础物理学突破奖”
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../../../../Movies/LHC%20Simulation%20-%201080p.mov
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◼ 世界最大的粒子探测器

（46 米长，25 米高，7000 吨）

https://atlas.cern

◼ 成员超过 5500 人，科学家 3000 人

◼ 42 个国家，182 个单位
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https://atlas.cern/


大型强子对撞机高亮度升级（HL-LHC）

• 计划提高10倍积分亮度，~2030年完成

• 瞬时亮度高达 7.5×1034 cm-2s-1

• 每次对撞堆积事例数高达200
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Current ATLAS Detector



ATLAS Inner Detector 

• The current running Inner Detector (ID) is playing a 
pivotal role in ATLAS physics analyses 

12

• Charged-particle reconstruction, heavy-flavor tagging, 
identification of electrons, photons, muons and tau-leptons 

• Identification of primary and secondary vertices 
• Full reconstruction of exclusive decay modes, tracking of 

interactions and photon conversions
• Pile-up vertices and pile-up jet rejection 
• Particle identification through transition radiation and dE/dx 
• Improve jet energy measurements, determination of isolation 

criteria and measurement of missing transverse energy 



Motivation of Inner Tracker Upgrade
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• Radiation Damage 
• Current tracking detector can not meet the 

HL-LHC: 4000 /fb 
ID (400 /fb) SCT (700/fb), IBL (850/fb)

• Above the design fluences, the intrinsic hit 
efficiencies drop and leakage currents exceed 
power supplies limits, affect on-detector power and 
cooling system

• Bandwidth Saturation
• Current front-end electronics can not handle 

luminosity 7.5×1034 cm-2s-1, <PU>200
Pixel and SCT: 2×1034 cm-2s-1 , <PU>50 

• Detector Occupancy
• TRT occupancy will reach 100% 

Current Inner Detector



ATLAS Phase-2 Upgrade
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New Inner Tracking Detector (ITk)
• All silicon with at least 9 layers up to |η| = 4

• Less material, finer segmentation

New Muon Chambers
• Inner barrel region with new RPCs, sMDTs, and TGCs
• Improved trigger efficiency/momentum resolution, 

reduced fake rate

Upgraded Trigger and Data Acquisition

System

• Single Level Trigger with 1 MHz output

• Improved 10 kHZ Event Farm

Electronics Upgrades

• On-detector/off-detector electronics upgrades of LAr
Calorimeter, Tile Calorimeter & Muon Detectors

• 40 MHz continuous readout with finer 
segmentation to trigger

High Granularity Timing Detector (HGTD)

• Precision time reconstruction (30 ps) with 
Low-Gain Avalanche Detectors (LGAD)

• Improved pile-up separation and bunch-by-bunch 
luminosity 

Additional small upgrades
• Luminosity detectors (1% precision) 

• HL-ZDC (Heavy Ion physics)



ATLAS Inner Tracker (ITk) Upgrade
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Inner Tracking Detector (ITk)
• All silicon with at least 9 layers up to |η| = 4

• Less material, finer segmentation



ATLAS 内径迹硅微条探测器
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约18000 个模块 / 6千万道读出 / 165m2

• 全硅探测器
• 高空间分辨
• 抗辐照
• 低物质量



ATLAS New Inner Tracker (ITk)
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ITk Strip Barrel Detector
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Deliverables

• Complete strip barrel detector with 25µm spacial resolution
• Provide strip module spacial resolution evaluation report

• Radiation hard sensor and readout ASIC study  
• High performance strip detector module production 
• Complex silicon detector system integration 

Contents

Mini 
Sensor

ASIC

Strip Module Strip Barrel 
Detector



• 利用散裂中子源伴生质子束开展读出芯片与硅微条传感器辐照研究
• 开展辐照测试、器件标定、恒温箱制备、仿真模拟等
• 正式成为硅传感器质量保证（QA）国际辐照站点

ATLAS硅微条传感器与读出芯片抗辐照研究

硅传感器
辐照测试 读出芯片

辐照测试
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ATLAS 硅微条探测器模块研制合作
16个不同的资助机构的50个单位共同承担

中国：高能所、清华、中山、上交、山大
承担 1000 个模块制造（10m2 硅探测器）

中英集群
50%桶部硅微条探测器
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硅微条探测器模块研制
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硅微条模块的基本组成
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短微条模块



硅微条探测器研制实验室

自动点胶机

通风橱

光学测量仪

精密天平

高速邦定机推拉力仪

超景深显微镜

显微镜

探针台
干燥柜(x4)

高低温测试

电子学测试

制冷机

复合板
老练箱

高能所万级洁净间
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硅微条模块研制关键流程

29 步
研制流程
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高精度工具国产化
◼ 国内厂家共同研制精密工装夹具，精度达到国际合作组标准

Made in China
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Automatic Module Assembly Machine at IHEP

• Steamline the lifting procedure after apply the glue 

• Improve the uniformity between different operators     
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Standard Operating Procedure (SOP)
• Developed at IHEP for local production

• All SQ 29 steps have been implemented in SOP 

• Interact with ITk central Production Database 
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http://atlasitk.ihep.ac.cn

Connect to ITk
Production Database

http://atlasitk.ihep.ac.cn/


IHEP Site Module Production Status
• Passed PRESERIES stage for Module production

• Produced 75 PRESERIES modules 
(15@IHEP / ~ 50@ RAL)

• Produced ~134 PRODUCTION modules 
(34 @IHEP / ~100@RAL)    

• Manufactured 11 production tooling set and one 
automatic machine in China
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Glue Robot

Cabinet

Metrology

Weight

Wire BonderPull Test

Scope

Scope

Probe
Station

Dry Box (x4)

Thermal Cycling

Electrical Test

Chiller

Hybrid
Burn-in

IHEP Site for ITk Strip Module
New tools made in China

PRODUCTION
Module (x134)

Automatic Tool 
at IHEP



硅微条探测器研制

中国组研制硅微条模块

硅微条桶板
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China ITk @ RAL

• Two FTEs from China based at RAL

• Assembled ~100 modules for China share

• Participated in stave loading activities

• Assist in logistics for IHEP and UV light setup 
for module recovery 
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2 UV lights



CERN Integration 
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• Strip barrel stave loading
• Mount 28 modules (14 each side) on the stave

• Modules on each side rotated by +/-26 mrad

• Thermal cycle the stave after loading

• Barrel tracker system integration
• Tracker with four concentric carbon cylinders 

• Four-barrel layers consists 392 staves 

• Perform power, cooling, data acquisition, system test 

• Started stave reception test at CERN 
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思考题

• Q1: ATLAS 有几个主要的子探测器，在Higgs 发现的过程中分别起到怎
样的作用？

• Q2: ATLAS 径迹探测器是如何工作的？空间分辨精度能达到多少？

• Q3: 硅微条径迹探测器如何实现二维平面的分辨？
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