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Requirement of Kick-off Mee3ng
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四、Project Management Workflow

Kick-off Meeting:
➢ Clarify the scientific goal of the project
➢ Specify, arrange the research tasks, clarify the responsibility of each task
➢ Establish project internal management system: project and funding 

management, internal academic communication, data sharing mechanism, 
out-reach methods

➢ Establish the project experts panel
➢ Set up the project management office
➢ Work bulletin and project briefing system
➢ Preparation of the project organization implementation plan

Project Kick-offKick-off

Mid-term 
Assessment

Project Adjustment

Annual Report

Project Check and 
Acceptance

Achievement 
Management 

Annual Budget 
Enforcement



Report Outline (报告提纲)

1. Project Overview (项⽬概要) 

2. Project (Task) Arrangement and Main Research Work (项⽬任务（课题）分解和主要
研究⼯作) 

3. Key Points and Project Implementation Plans (项⽬实施关键节点和具体实施计划) 

4. Project Organization and Management (项⽬组织管理机制) 

5. Presentation of Achievement and Assessment Methods (成果呈现形式及测试⽅法)
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Guidance:“大科学装置前沿研究”重点专项2023年度项目申报指南

研究内容: 

按照与 ATLAS 合作协议规定，完成硅径迹探测 器、缪子谱仪和高颗粒度时间探测器相关研发、制造
和安装等工 作。针对 LHC 高能量、高亮度的升级，改造 ATLAS 实验的粒子 探测器系统，开展相关
探测器研制、建造和运行,提升 ATLAS 实 验对物理过程的灵敏度。 

主要包括: 

硅径迹探测器模块建造，径 迹探测器系统集成和运行;缪子谱仪阻性板探测器及相关电子学的研制和
运行;高颗粒度时间探测器研发和建造;新一代有时间 信息的硅像素探测器的研发。  

考核指标:硅微条径迹探测器空间分辨率达到 25 微米。阻性板室探测器:计数率达 1 kHz/cm2，探测
效率高于 95%，时间分 辨率好于 1 ns。高颗粒度时间探测器:研发硅传感器、前端电子 学、探测器模
块组装等，研制出高时间分辨率的探测器模块与前 端读出电路板，其时间分辨率好于 50 皮秒。新一
代有时间信息 的硅像素探测器:研发时间分辨率在 100 皮秒以下的抗辐照传感 器及前端电子学。 
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1.3. ATLAS探测器升级 （共性关键技术）

1. 粒子物理



Guidance: “Frontier Research of Large Scientific Devices" Key Special 2023 Project 
Application Guide

Research content: 
In accordance with the provisions of the cooperation agreement with ATLAS, complete the research and 
development, manufacturing and installation of silicon track detectors, muon spectrometers and high-granularity 
time detectors. For the upgrade of LHC high energy and high luminosity, transform the particle detector system of 
ATLAS experiments, carry out the development, construction and operation of related detectors, and improve the 
sensitivity of ATLAS experiments to physical processes. 

Mainly including: 
Construction of silicon track detector module, integration and operation of track detector system; development and 
operation of resistance plate detector and related electronics; research and development and construction of high 
granularity time detector; research and development of a new generation of silicon pixel detector with time 
information. 

Assessment index: The spatial resolution of the silicon micro strip track detector reaches 25 microns. Resistive chamber 
detector: the counting rate is 1 kHz/cm2, the detection efficiency is higher than 95%, and the time resolution is better 
than 1 ns. High granularity time detector: develop silicon sensors, front-end electronics, detector module assembly, 
etc., and develop a high-time-resolution detector module and front-end readout circuit board, with a time resolution 
of more than 50 pics. A new generation of silicon pixel detectors with time information: develop anti-irradiation sensors 
and front-end electronics with a time resolution of less than 100 picoseconds.
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1.3. ATLAS Detector upgrade (common key technology)

1. Particle Physics



1. 项⽬概要: 
Project Overview — Background
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The Large Hadron Collider (LHC) Physics Program
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ATLAS is one of two large multi-purpose experiments at the LHC at CERN

After Higgs Particle discovery in 2012, the main goals are:

• Study Higgs Boson in detail 
• Search for new physics beyond SM (BSM)

The main limitation to progress is the amount of available data



3000-4000 fb-1

The High-Luminosity-LHC Upgrade
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This project 
timescale

2024-2028

2029 
Start data-taking

Need 10x more data: ~300 fb-1 to 3000-4000 fb-1 

今天
by 2029 LHC accelerator 

will be upgraded to deliver  
higher luminosity

including 12 CCT superconducting  
magnets from China

This project relates to the corresponding detector upgrades



Current detectors cannot cope with such large rates, need: 
Larger granularity 
Faster trigger rates 

New technologies (fast timing)

The High-Luminosity-LHC Challenges to Detectors
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Instantaneous luminosity 
7.5×1034 cm-2s-1

Average number of interactions 
per bunch crossing (pile-up events) ~ 200

LHC HL-LHC
Pile-up

Data rates increased 5 to 7.5x nominal design rates



2. 任务分解和主要研究:  
Task Arrangement and Main Research
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任务分解和主要研究: Task Arrangement and Main Research
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ATLAS 
Upgrade 课题名称 Leading Unit Funds 

（万元）

课题 1 High Granularity Timing Detector 中国科学院⾼能 
物理研究所 (IHEP) 1135

课题 2 Inner Silicon Tracker 中国科学院⾼能 
物理研究所 (IHEP) 600

课题 3 Muon Detector 中国科学技术⼤学(USTC) 465

Total funding: 2200 万元



新

This Project: 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

课题2: IHEP-THU-NJU New Muon Chambers 

• Inner barrel region with new RPCs and electronics 
• Improved trigger efficiency/momentum resolution, 

reduced fake rate

课题3: USTC-SJTU

High Granularity Timing  Detector (HGTD) 

• Precision time reconstruction (30-50 ps) with   
 Low-Gain Avalanche Diodes (LGAD) 

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

课题1: IHEP-USTC-NJU-SDU
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

Additional smaller upgrades 
• Luminosity detectors (1% precision)  

•  HL-ZDC (Heavy Ion physics) 

• Muon sMDT chambers

Other

一起 searching for new physics with ATLAS detector



课题3: 
Muon Detector	

中国科学技术大学（USTC） 
上海交通大学（SJTU）

课题2: 
Inner Tracker Detector	

2.1: Silicon Strip Detector	
2.2: Timing Pixel Detector	

中国科学院高能物理研究所（IHEP） 
中国科学技术大学（USTC） 
清华大学（THU）

Project Decomposition (项目课题分解)
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ATLAS detector phase II upgrade	
Development of detectors with higher counting rates and more radiation resistance 	

Upgrade to more advanced and faster electronics and readout systems

ATLAS experimental physics targets	
Improve the precise accuracy of Higgs boson property measurements	

Increase the sensitivity of new physics

课题1: 
High Granularity Timing Detector	

中国科学院高能物理研究所（IHEP） 
中国科学技术大学（USTC）	
南京大学（NJU） 
山东大学（SDU）

High time 
resolution

silicon
detector 

technology
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Physics Requirements and Key Technologies

课题1：High Granularity Timing Detector

Introduce a new Silicon technology Low Gain Avalanche Diode (LGAD)  
Strong Competitions:  HPK (Japan), FBK (Italy), CNM (Spain), Micron (UK), IME (China)

Timing Detector (HGTD) to reduce pileup at LHC + precise Luminosity measurement 

Collisions spread ~250 ps time scale  →   reach 30-50 ps timing resolution 

Significantly improve compared to ~1 ns precision in conventional silicon sensor 

Adding 4th dimension information for the first time



课题2：Inner Silicon Tracker Upgrade
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Physics Requirements and Key Technologies
Current Tracker

New Inner Tracker 

• Detector Occupancy 
• TRT occupancy will reach 100%  

• Radiation Damage  
• Current tracking detector can not reach the HL-LHC 4000 fb-1  

(ID (400 fb-1), SCT (700 fb-1), IBL (850 fb-1)) 

• Bandwidth Saturation 
• Current front-end electronics can not handle the new event rates 
   (Pixel and SCT: max 2×1034 cm-2s-1)

New full silicon tracker of large dimensions

larger solid angle
60 m2 165 m2

R&D for possible future timing pixel detector 
Further improvement against pile-up 



课题3：Muon Detector Upgrade
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Physics Requirements and Key Technologies

To cope with the HL-LHC event rates 
NEW highly performant muon chambers  

are required for trigger

Thin-gap RPC controls the avalanche charges by decreasing the gap size 
The loss in gas gain will be compensated by GeSi based front-end electronics with 
higher sensitivity and S/N ratio

3 layers of “Thin-gap” RPC muon singlets  
will be installed in the Barrel Inner region



Task decomposition and schedule 
(任务分解和进度安排)
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课题1：High Granularity Timing Detector
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Research Content, Assessment Index (考核指标，研究内容)

• Assessment index （考核指标）:  
•  Sensor and detector module time resolution reach 30-50 ps

Electronics High Voltage supply LGAD sensor Module 
ASIC+LGAD

Develop all key components for the Timing Detector 
• Developed radiation hard LGAD silicon sensor 
• Build large-area ASIC+Sensor Module with robot 
• Develop Front-end electronics, high voltage system, flexible cable 



课题1：High Granularity Timing Detector

• Develop automatic large area module assembly with robot  
• Use Beta source electron (~MeV), electron test beam at DESY(~GeV), or cosmic muon
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Research Method

Automatic assembly robot Timing measurement setup 
With beta source 

Radiation hardness 

CNM

USTC IHEP
IME

CNMCNM

FBK

Acceptor Removal Ratio 
Lower ratio, more radiation hard

Self-developed irradiation hard silicon sensor based on domestic foundry 
• Our LGAD sensors prototype is the most radiation resistant in the World 
• CERN is purchasing 66% of our LGADs; We provided 1/3 as in-kind contribution



课题2：Inner Silicon Tracker Upgrade
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Research Content, Assessment Index (研究内容, 考核指标)

• Complete strip barrel detector with modules with 25 µm spacial resolution 
• Timing Pixel detector R&D: Sensor and electronics with time resolution better than 100 ps

• Study radiation hard sensor and readout ASIC  
• Produce strip detector module  
• Integrate silicon modules into tracker  

Sensor

ASIC

Strip Module Strip Barrel 
Detector

Assessment index （考核指标）

• Pixelated LGAD sensor R&D  
• Fast front-end electronics data buffering, readout, transmission

2.1: Inner Tracker construction

New Inner Tracker 

2.2: Timing Pixel Detector R&D 



课题2：Inner Silicon Tracker Upgrade
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Research Method
Strip Sensor

ABCStar

HCCStar

AMACStar

Strip Module

Sensor and ASIC irradiation studies will be carried out at CSNS 
with proton beam

The project team plans to deliver 10% Strip barrel modules  
(for this project 200 modules) 

Two teams will work in parallel (IHEP and RAL, UK)

Participate in: 
Strip Barrel Stave loading at RAL, UK 

Barrel tracker system integration at CERN

Stave Loading

Pixelated AC LGAD sensor will be designed and fabricated

Timing Pixel Readout Module design with high precision TDC 
(collaboration with Berkeley Labs, et al) 

Testing on bench

R&D on Timing Pixel Detector



课题3：Muon Detector Upgrade

• ATLAS NEW Barrel Inner layer RPC muon chambers contain: ~1400 m2 RPC singlets 
and ~100k channels
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Research Content, Assessment Index (研究内容, 考核指标)

This project: 1/3 of the muon singlet layers and  
QA/QC of front end electronics (FEE)

Assessment index （考核指标）

China will contribute: 
50% of the muon singlet layer (including readout panels) 
50% of the front end electronics board (FEE) and testing

• Parameters to be achieved by all singlet layers (考核指标): 
• Counting rate: >1 kHz/cm2  (old operational RPC specifications: 300 Hz/cm2) 
• Time resolution: <1 ns (old operational RPC specifications: > 1 ns) 
• Efficiency: >95% 



课题3：Muon Detector Upgrade

• Optimize and finalize the readout panel design 
• Such large PCB panels can only be produced in 

China: 1705 mm x 1072 mm 
• Panel flatness of <100 μm 

• Optimize the assembly procedures for the large 
size detector 

• Set up proper quality control and testing 

• Setup automatic procedure to test 50,000 channels 
of front end electronics
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Research Method

Panel flatness qualification

Glass Gas Gap
Prototype

ΔThickness (mm)



Project Schedule
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第一年 第二年 第三年 第四年 第五年

Module and Detector Unit

LGAD sensor

High granularity 
Detector Assembly 
and Commissioning  

Electronics, flex tails

High Voltage Power Supply  课题1: 
High 
Granularity 
Timing 
Detector

Module Assembly

Strip sensor, ASIC Inner track Global integration 
(at RAL and CERN)

课题2: 
   2.1 Strip 
   tracker 

2.2 Timing 
Pixel 

Pixel sensors and electronics  
1st round R&D 
 

Pixel sensors and electronics  
2nd round R&D

Testing

课题3: 
Muon RPC 
Detector 

Gas gap fabrication 

Electronics 

RPC detector fabrication
Muon RPC Detector Assembly 
and Commissioning  

项 
目 
结 
题

2029
2024



2. 任务分解和主要研究:  
Task Arrangement and Main Research
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The team



Research Team (研究团队)
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课题1： 
中国科学院高能物理研究所（IHEP） 
中国科学技术大学（USTC） 
南京大学（NJU） 
山东大学（SDU）

课题2： 
中国科学院高能物理研究所（IHEP） 
中国科学技术大学（USTC） 
清华大学（THU）

课题3： 
中国科学技术大学（USTC） 
上海交通大学（SJTU）

职称 Title

0

4

7

11

14

正高级 Prof. 副高级 Associate Prof. 中级 Mid.

课题1
课题2
课题3

年龄组成 Age

0

3

5

8

10

20-30 30-40 40-50 50-60

课题1
课题2
课题3

Total number of team members: 21                Average age 41 years old



Project Leader (项目负责人)

中国科学院高能物理研究所研究员，博士生导师 

Engaged in track detector research and construction (drift chamber, silicon 
detector) NA38 → CDF → ATLAS, and physics research 

Since 2015，Professor of IHEP, ATLAS Group leader of IHEP 

2006-2015，Assistant and Associate Professor at Harvard University

In 2016, got “1000 talents” grant 国家“千人计划”高层次外国专家长期项目资助

João Guimarães da Costa

就读于:
• Since 2021, member of ATLAS Executive Board 
• Since 2021, ATLAS HGTD project leader 
• 2019-2021, ATLAS HGTD project Resource Coordinator and Deputy Project Leader 
• Since 2016, Convener of CEPC Detector and Physics Group 

• 2019-2023, 作为项目负责人，承担国家重点研发项目“高能环形正负电子对撞机关键技术研发和验证” 
• Until 2016, member of the ATLAS Muon Detector Steering Group 
• Former convener of the ATLAS Standard Model Physics Group and the Higgs to WW Physics Group



Task Leaders (课题负责人)

Zhijun Liang (Task 1 leader) 梁志均（课题1负责人） 
－中国科学院高能物理研究所研究员，中国科学院“百人计划”，博士生导师 

2020-now: ATLAS High Granularity Timing Detector Level-2 convener: Module assembly 
2021-2023: ATLAS publication committee members  
2014-2015: LHC electroweak physics subgroup convener 
2012-2013: ATLAS electroweak physics  group convener

Xin Shi (Task 2 leader) 史欣（课题2负责人） 
－中国科学院高能物理研究所副研究员，博士生导师 

2022-now: ATLAS ITk Strip Barrel UK/China Cluster Manager  
2018-now: CERN RD50 (Radiation Detector R&D) IHEP Team leader 
2015 – now: ATLAS Inner Tracker Phase-II upgrade 
2011 – 2015: CMS Pixel Detector Phase-I upgrade

Yongjie Sun (Task 3 leader) 孙勇杰（课题3负责人） 
－中国科学技术大学副教授 

Since 2015: Muon RPC Phase-II Upgrade of ATLAS (LV3 coordinator) 
2009-2015: End-cap Time-of-Flight system upgrade for BESIII 
2008-now: Time-of-Flight system for Compressed Baryonic Matter (CBM) on FAIR at GSI (Collaboration Board ) 
2006-2013: Muon Telescope Detector (MTD) for RHIC/STAR, U.S.A 
2004-2010: Time-of-Flight system for the STAR Experiment on RHIC at BNL, U.S.A

All hold management 
positions within ATLAS  
for the corresponding projects 



ATLAS Timing Detector Management
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6 team members in  
HGTD leadership positions



International Cooperation (国际合作）

课题1 (HGTD):  
Brazil 
China 
France 
Germany 
JINR 
Morocco 
Netherlands 
Portugal 
Russia 
Slovenia 
Spain 
Sweden 
CERN



International Cooperation (国际合作）
课题2 (ITK): 
Australia

Canada

China

Czech Republic

Denmark

France

Germany

Italy

Japan

Netherlands

Norway

Poland

Russia

Slovenia

South Africa

Spain

Sweden

Switzerland

United Kingdom

USA

CERN



International Cooperation (国际合作）

课题3 (Muon):  
Chile 
China 
France 
Germany 
Greece 
Israel 
Italy 
Japan 
Netherlands 
Russia 
JINR 
Turkey 
USA 
CERN



3. 项⽬实施关键节点和具体实施计划:  
Key Points and Project Implementation Plans

33



第⼀年（2023.12 - 2024.11）

• Tasks 1: 
• Develop full-scale LGAD ultrafast silicon sensors and detector modules 
• Create prototypes of electronics peripheral circuit boards, flexible circuit boards, and high-voltage power 

supplies 
• Task 2: 

• Test silicon microstrip sensor performance and master module production process 
• Conduct literature research on time pixel detector and analyze design requirements 
• Test readout chip performance, prepare long silicon modules, and complete system tests. 

• Task 3: 
• Design RPC air gap, fabricate key components, and test 
• Design large-area readout board, start fabrication and testing 
• Fabricate prototype RPC detector, test, and produce readout plates and detectors

34• Annual report, design report, test report, ATLAS review report

Main Milestones

Outcome



第二年（2024.12 - 2025.11）

• Tasks 1: 
• Develop full-scale LGAD ultrafast silicon sensors and electronic peripheral circuit boards 
• Produce detector modules, flexible circuit board tail boards, and high-voltage power supplies 

• Task 2: 
• Test sensor and chip performance under various irradiation conditions 
• Complete design of time pixel detector sensor gain layer and prototype circuit 
• Participate in reliability testing, produce silicon modules, test cask plates, develop time pixel sensor optics, 

and verify circuit functionality 
• Task 3: 

• Design RPC gas chamber at BIM/BIR position 
• Fabricate and test 300 honeycomb readout boards 
• Produce 150 single-layer RPC detectors, test front-end electronics, and perform cosmic ray tests

35• Midterm report, design report, test report, ATLAS review report

Main Milestones

Outcome



第三年（2025.12 - 2026.11）

• Tasks 1: 
• Production and development of detector modules and flexible circuit boards 
• Testing electronic peripheral circuit boards 
• Production and development of high-voltage power supplies 

• Task 2: 
• Make long silicon microstrip module and load Chinese group's detector at Rutherford Lab 
• Develop first version of time pixel sensor film and prototype circuit program 
• Build short microstrip module, test in Rutherford Laboratory, and integrate into barrel detector. Test time pixel 

sensor and verify prototype circuit performance 
• Task 3: 

• Complete cosmic ray test of 150 single-layer RPCs 
• Participate in assembly and testing of three-layer detector chamber 
• Improve air gap production process, ensure stability, and participate in CERN site assembly and debugging

36• Annual report, test report, ATLAS review report

Main Milestones

Outcome



第四年（2026.12 - 2027.11）

• Tasks 1: 
• Complete production and development of detector units with multiple modules 
• Assemble electronic circuit boards at CERN 
• Install high-granularity detector disk and all detectors at CERN, start joint commissioning 

• Task 2: 
• Produce short silicon strip module for barrel detector sealing, evaluate time pixel sensor Version 1 and test 

electronics Version 1 
• Produce short silicon microstrip modules, participate in track detector test at CERN, design and simulate 

second version of time pixel detector sensor and circuit 
• Task 3: 

• Participate in on-site installation and commissioning of detector, establish testing platform at CERN 
• Continue on-site installation and commissioning, promptly address and repair any issues

37• Annual report, design report, test report, ATLAS review report

Main Milestones

Outcome



第五年（2027.12 - 2028.11）

• Tasks 1: 
• Conduct overall detector debugging and joint commissioning at CERN for high-particle detectors, and 

finalize project report 

• Task 2: 
• Participate in joint testing of track detector, test time pixel sensor and electronics, write technical design 

document, and summarize experience 

• Task 3: 
• Complete on-site installation, commissioning, and testing of detector, and prepare for project completion 

and acceptance

38• Final report, detector performance test report

Main Milestones

Outcome



4. 项⽬组织管理机制: 
Project Management Organization

39



Project management organization

• MOST Project Responsibility Expert 
• Ma Yugang (Shanghai Institute of Applied Physics, CAS)               (Excused today) 

• Expert Team (9 people) 
• Li Ji (Institute of High Energy Physics, CAS)                                     (Chair) 
• Xiang Dao (Shanghai Jiao Tong University)                                        (MOST expert team) 
• Li Qiang (Peking University) 
• Li Zhankui (Institute of Modern Physics, CAS) 
• Liu Jianbei (University of Science and Technology of China) 
• Sun Xiangming (Central China Normal University) 
• Zhou Daicui (Central China Normal University) 
• Heng Yuekun (Institute of High Energy Physics, CAS) 
• Ouyang Qun (Institute of High Energy Physics, CAS)

40



Project leader — Management responsibilities

• Edit and sign project task book, review project task book; 
• Establish a project management office and a project expert group based on the project leading institute; 
• Formulate the project research plan, make sure the academic direction and research focus of the project; 
• Carry out academic and technical communication and integration among tasks, and promote data sharing; 
• Review the annual summary, technical report and other materials, compile and report project information, 

achievements and other progress reports; 
• Develop project publicity plans and programs to enhance the impact of the project; 
• Formulate the project (task) implementation management system, formulate the approval system of funding 

allocation process; 
• Propose major adjustment suggestions for projects (tasks), including adjustment or change of research objectives, 

contents, personnel and funding; 
• Compile the mid-term assessment and annual report of the project, and cooperate with the completion of the mid-

term assessment and acceptance of the tasks; 
• Cooperate with MOST to complete the project assessment and acceptance; 
• Complete other tasks entrusted by MOST

41



Project management organization

• Project office 

• Contact person：Zhaoru Zhang  

• Academic assistant：Zhijun Liang (Associate professor) 
• Financial assistant：Zhaoru Zhang 

• Contact person of Task 1:  Zhijun Liang（task leader) 
• Financial assistant: Ran Lou 

• Contact person of Task 2:  Xin Shi（task leader) 
• Financial assistant: Ran Lou 

• Contact person of Task 1:  Yongjie Sun（task leader) 
• Financial assistant: Gongxiu Dong 

• Project implementation scheme is finalized
42



Project management organization

• Members of this project have good experience in large scale projects (ATLAS, CMS, RHIC, BES, JUNO, CEPC ) 
and International Collaborations 

• Extensive experience with international publications, international  conferences, paper reviews, scientific 

analysis and results verification, scientific research integrity, etc… 

• The project is well integrated in the overall goals of the ATLAS Collaboration and the wider HEP international 
community  

• All members are part of the ATLAS Collaboration and several hold relevant leadership positions within the 

international structure of the Collaboration  → hence have full support from a wider range of resources 

• In strict compliance with the relevant policies, regulations and requirements of the Ministry of Science and 

Technology, the project will be responsible for organizing academic exchanges, urging task leaders and project 
members to complete research work on schedule, and actively cooperate with the Ministry of Science and 

Technology to report project progress and work inspection on time 

• Provisions for fund management have been formulated, and the project office will supervise the regular use of 
funds (afternoon discussion)

43



Project management organization

• Communication and Inspection Mechanisms 

• Exchange mechanism: 
• Strong integration in the ATLAS global activities, meetings and workshops 

• Regular international meetings being held weekly on diverse topics 

• Weekly internal task-level meetings to coordinate evolution of project 
• (e.g. international meeting on ASIC design every monday) 

• Monthly videoconference meetings on the global project 

• Special meetings  

• Conduct academic exchanges (e.g. ATLAS HGTD Workshop at IHEP next week) 
• Annual meetings: including mid-term meeting and projection completion meeting 

• Documentation archiving: 
• ATLAS Collaboration provides excellent tools for documentation archiving: 

• Indico: Meetings and minutes 

• EDMS database: Specifications and long-term technical documentation archiving 

• CDS: Internal reports and technical working reports archiving  

• Establish a project shared web area in IHEP for sharing and archiving documentation locally 44



Risk Analysis (风险分析)

• The overall risk of the project is low 
• The project team has rich experience in research and development 
• The research unit is supported by multiple detector research and development platforms 

• The two main risks (两个最主要的风险) 
• 风险1: Degradation of international relations prevent access to some advanced technologies 

from abroad (e.g. ASICs) 
• Mitigation: Collaborate with international colleagues to execute some of the tasks abroad (e.g. tracker 

modules construction at RAL) 

• 风险2: Delay of LHC Upgrade Project —  the ATLAS upgrade is organized in a large international 
collaboration involving many institutions with interconnected work with centralized overall 
planning, so delays can occur due to issues outside our control 
• Mitigation: Work with ATLAS management to minimize impact to the project. The large international 

team will ensure that the project is feasible even if delays occur.
45

The project is challenging and a key contribution to the ATLAS upgrade



5. 成果呈现形式及测试⽅法: 
Achievement Presentation and Assessment Methods

46



Expected achievements and Innovations (预期成果与创新点)

47Results from this research can be used for future generation detectors

第一个用于对撞机实验的硅基高精度时间探测器

ATLAS内径迹探测器是最大硅基径迹探测器之一

• First silicon-based timing detector in particle physics 
• Built with the most radiation resistant silicon timing sensors only available in China

• ATLAS Inner Tracker will be one of the largest silicon-based tracking detector 
• Research on the new timing pixel detector has the potential to be used for the next 

generation of the ATLAS pixel detector

• The thin-gap RPC in ATLAS will be the first large-scale operation of such detectors 
• Built with the largest PCBs only available in China 

ATLAS的窄气隙RPC将是此类探测器首次大规模运行



Social and economical benefits (预期经济社会效益) 
，社会)

• The high granularity time detector and inner track detector developed in this project 
are the most advanced semiconductors in the field of particle physics detectors. 

• They can be widely applied in nuclear physics experiments, synchrotron radiation 
imaging, X-ray imaging, medical imaging, aerospace exploration, etc. 

• Large RPCs can be used in medical imaging and Tomography / Muography in many 
fields, such as archaeology, civil engineering, mining exploration, geology, nuclear 
reactor monitoring, nuclear waste characterization, underground surveys, etc. 

• Conduct research on advanced detector technology to promote relevant domestic 
manufacturers to master key technologies. 

• Outcome is crucial to the completion of the ATLAS Upgrade and future physics 

48



Achievement Presentation and Assessment Methods

49

Assessment indicators Assessment methods 
and evaluation 

methods
Indicator Indicator at the time 

of project initiation
Midterm indicator Final assessment indicator

Task 1:	

HGTD
Time resolution

Small-area prototype 
silicon sensors: 
better than 50 ps

Official silicon 
sensors for ATLAS 
upgrade: 30-50 ps 

Final detector module:	
30-50 ps

Test reports, project peer 
reviews.

Task 2:	

Inner tracker 

Spatial resolution of 
silicon microstrip 
track detectors

Prototype module: 	

25 microns

Pre-production 
module:	

25 microns

Full detector:	

25 microns
Test reports, project peer 
reviews.

Silicon pixel 
detector time 
resolution

Better than 10 ns	

 
Better than 1 ns Better than 100 ps

Simulation verification and 
laboratory testing, test 
reports

In addition: ATLAS organizes peer-reviews, with external reviewers, at each step of each 
upgrade project. Such reports, will provide an additional basis for each task progress and 
achievement assessment



Achievement Presentation and Assessment Methods
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In addition: ATLAS organizes peer-reviews, with external reviewers, at each step of each 
upgrade project. Such reports, will provide an additional basis for each task progress and 
achievement assessment

Assessment indicators Assessment methods 
and evaluation 

methods
Indicator Indicator at the time 

of project initiation
Midterm indicator Final assessment indicator

Task 3:	

Muon Detector

Counting rate

Prototype detector:	
1 kHz/cm2

Pre-production 
detector: 	
1 kHz/cm2

RPC mounted to ATLAS: 	
>1 kHz/cm2

Experimental test or 
acceptance by ATLAS

Probing efficiency	

 

RPC Prototype:	

> 95%	

 

Pre-production 
detectors:	

>95%

RPC mounted to ATLAS:	

> 95%.
Experimental test or 
acceptance by ATLAS

Time Resolution

Prototype detector:	

1 ns	

 

Pre-production 
detector:	

1 ns

RPC installed into the ATLAS 
experiment < 1 ns

Experimental test or 
acceptance by ATLAS



Assessment Indicators of Science and Technology Report
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序号 Report type 数量
Submission 

time 公开类别及时限

1 Annual technical progress report of project 1 December 2024 公开

2 Mid-project technical progress report 1 Before the mid-
term examination 公开

3 Annual technical progress report of project 1 December 2026 公开

4 Annual technical progress report of project 1 December 2027 公开

5 Final technical progress report of the project 1 December 2028 公开



Conclusions - 结语

52

This project is crucial to the completion of the ATLAS Upgrade and future 
physics outcome

It will promote Chinese industry on frontier technologies driving development

谢谢您

• The management system has been established and the implementation plan has 

been formulated 

• The research work has already started for all three tasks 

• The project has very good foundations: 
• The institutions have good support and infrastructure for the project 
• The staff ranks at high level and has strong experience in detector research



Extra Slides
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Assessment Indicators (考核指标)

54

HGTD

Tracker

Muons



Guidance:“大科学装置前沿研究”重点专项2023年度项目申报指南

Research content: According to the cooperation agreement with ATLAS, complete the research, development, manufacturing and installation 
of silicon track detector, muon spectrometer and high Granularity time detector. In view of the upgrade of LHC's high energy and high 
brightness, the Particle detector system of ATLAS experiment was modified, and the development, construction and operation of related 
detectors were carried out to improve the sensitivity of ATLAS experiment to physical processes. Mainly including: construction of silicon track 
detector modules, integration and operation of track detector systems; Development and operation of muon spectrometer resistive plate 
detector and related electronics; R&D and construction of high Granularity time detector; The development of a new generation of silicon pixel 
detectors with time information.


Assessment indicator:  

HGTD: develop silicon sensor, front-end electronics, detector module assembly, etc., and develop a detector module and front-end readout 
circuit board with high time resolution, whose time resolution is better than 50 picoseconds. 

ITK: The spatial resolution of the silicon microstrip track detector reaches 25 micrometers. A new generation of silicon pixel detectors with 
time information: Develop radiation resistant sensors and front-end electronics with a time resolution of less than 100 picoseconds.


RPC detector: The counting rate reaches 1kHz/cm2, the detection efficiency is higher than 95%, and the time resolution is better than 1ns. 

55

1.3. ATLAS探测器升级

1. 粒子物理



Chinese CORE contribution to  
ATLAS Phase-II Detector Upgrade

56

ATLAS ITk HGTD Muons NSW (phase I) Total (kCHF)

kCHF 2043 2100 1028 733 5904

% 3.4% 21% 3.6% 6.5% 2.3%

Focus on key projects to make a sizable contribution with limited resources

Chinese contribution to upgrades of the order of ~2.3% of total cost

Percentage of Chinese authorship on physics analysis papers ~4.3% 



Risk Analysis
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• Delay of LHC Project 
• Type: policy  
• Risk Level: middle  
• Mitigation plan: keep communication with CERN and ATLAS, reduce the uncertainty of LHC to this 

project 

• ASICs for ITk not able to import to China 
• Type: policy  
• Risk level: middle  
• Mitigation plan: send people to RAL in UK to complete the module assembly task 

• Timing pixel front end electronics not able to import to China 
• Type: policy 
• Risk level: middle 
• Mitigation plan:  send people to US or CERN to continue the study. Investigate technology based on 

China



Detailed schedule
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Timing Detector Detailed Schedule

59

ID Task Name Text1 Duration Start Finish

0 1）高粒度时间探测器 1) High granularity time detector 1305 days 2024/1/1 2028/12/29
1 1.1）传感器 1.1) sensor 502 days 2024/1/1 2025/12/2
2 1.1.1）预生产研制（第一批

）
1.1.1) pre production 
development (the first batch)

45 days 2024/1/1 2024/3/1

3 1.1.2）预生产研制（第二批
）

1.1.2) pre production 
development (the second batch)

43 days 2024/3/4 2024/5/1

4 1.1.3）预生产传感器性能测
试

1.1.3) pre production sensor 
performance test

43 days 2024/3/4 2024/5/1

5 1.1.4）预生产传感器评审
（ ）PRR

1.1.4) pre production sensor 
review (PRR)

22 days 2024/5/2 2024/6/1

6 1.1.5）正式生产研制（第一
批）

1.1.5) formal production and 
development (the first batch)

130 days 2024/6/3 2024/12/1

7 1.1.6）正式生产研制（第二
批）

1.1.6) formal production and 
development (the second batch)

130 days 2024/12/2 2025/6/1

8 1.1.7）正式生产传感器性能
测试（第一批）

1.1.7) performance test of 
formally produced sensors (the 

130 days 2024/12/2 2025/6/1

9 1.1.8）正式生产传感器性能
测试（第二批）

1.1.8) performance test of 
formally produced sensors (the 

132 days 2025/6/2 2025/12/2

10 1.2）探测器模块 1.2) detector module 886 days 2024/3/1 2027/7/23
11 1.2.1）原型模块评审（ ）FDR 1.2.1) prototype module review (FDR)11 days 2024/3/1 2024/3/15
12 1.2.2）预生产研制 1.2.2) pre production development271 days 2024/3/18 2025/3/31
13 1.2.3）预生产的模块评审

（ ）PRR
1.2.3) pre production module 
review (PRR)

44 days 2025/4/1 2025/5/30

14 1.2.4）模块正式研制（第一
批）

1.2.4) formal development of 
modules (the first batch)

150 days 2025/6/2 2025/12/26

15 1.2.5）模块正式研制（第二
批）

1.2.5) formal development of 
modules (the second batch)

260 days 2025/12/29 2026/12/25

16 1.2.6）多模块探测器单元研
制（第一批）

1.2.6) development of multi 
module detector unit (the first 

108 days 2025/12/29 2026/5/27

17 1.2.7）多模块探测器单元研
制（第二批）

1.2.7) development of multi 
module detector unit (the second 

108 days 2026/12/28 2027/5/26

18 1.2.8）探测器模块性能测量
（第一批）

1.2.8) performance measurement 
of detector module (the first 

152 days 2026/5/28 2026/12/25

19 1.2.9）探测器模块性能测量
（第二批）

1.2.9) performance measurement 
of detector module (the second 

42 days 2027/5/27 2027/7/23

20 1.3）柔性电路尾板 1.3) flexible circuit tail board 532 days 2024/3/18 2026/3/31
21 1.3.1）预生产研制 1.3.1) pre production development165 days 2024/3/18 2024/11/1
22 1.3.2）预生产柔性板测试 1.3.2) pre production flexible 

plate test
42 days 2024/11/4 2024/12/31

23 1.3.3）预生产的评审（ ）PRR 1.3.3) pre production review (PRR) 29 days 2025/1/1 2025/2/10
24 1.3.3）正式生产研制 1.3.3) formal production and 

development
274 days 2025/2/11 2026/2/27

25 1.3.4）正式生产柔性板测试 1.3.4) formal production flexible 
plate test

22 days 2026/3/2 2026/3/31

26 1.4）外围电子学电路板 1.4) peripheral electronics circuit 
board

550 days 2024/2/1 2026/3/11

27 1.4.1）原型模块评审（ ）FDR 1.4.1) prototype module review (FDR)22 days 2024/2/1 2024/3/1
28 1.4.2）预生产研制 1.4.2) pre production development125 days 2024/3/4 2024/8/23
29 1.4.3）预生产的模块评审

（ ）PRR
1.4.3) pre production module 
review (PRR)

23 days 2024/8/26 2024/9/25

30 1.4.4）正式生产研制 1.4.4) formal production and 
development

180 days 2024/9/26 2025/6/4

31 1.4.5）电路板测试 1.4.5) circuit board test 200 days 2025/6/5 2026/3/11
32 1.5）高压电源 1.5) high voltage power supply 783 days 2024/1/1 2026/12/30
33 1.5.1）预生产研制 1.5.1) pre production development 220 days 2024/1/1 2024/11/1
34 1.5.2）预生产的评审（ ）PRR 1.5.2) pre production review (PRR) 71 days 2024/11/4 2025/2/10
35 1.5.3）正式生产研制 1.5.3) formal production and 

development
492 days 2025/2/11 2026/12/30

36 1.6）探测器整体联调 1.6) overall joint commissioning 
of detector

657 days 2026/5/28 2028/12/1

37 1.6.1）探测器单元安装（第
一批）

1.6.2) installation of detector unit 
(the first batch)

137 days 2026/5/28 2026/12/4

38 1.6.2）探测器单元安装（第
二批）

1.6.2) detector unit installation (the 
second batch)

137 days 2027/5/27 2027/12/3

39 1.6.3）探测器整体联调 1.6.3) overall joint commissioning 
of detector

200 days 2028/2/28 2028/12/1

40 1.7）项目文档 1.7) project documents 803 days 2025/12/3 2028/12/29
41 1.7.1）项目中期测试报告 1.7.1) Interim test report of the project22 days 2025/12/3 2026/1/1
42 1.7.1）项目结题报告 1.7.1) project conclusion report 21 days 2028/12/1 2028/12/29

Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3
2024 2025 2026 2027 2028 2029



Silicon Tracker Detailed Schedule
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Schedule – Strip Detector
• 2024: Finish the sensor and ASICs key evaluation test; pass the site 

qualification, start producing long strip module; complete multi-stave small 
system test at RAL, start system integration such as stave reception at CERN 

• 2025: Evaluate the performance of strip sensor and ASICs after irradiation, 
participate in the reliability test during production; produce long strip module; 
receive, test and ship the barrel stave to CERN, complete the workflow.  

• 2026: Complete the long strip module production, start the short strip module 
production; modules make in China will be loaded on stave at RAL and send to 
CERN to integrate onto barrel strip tracker  

• 2027: Complete the short strip module production; barrel strip tracker test with 
different stage. 

• 2028: Complete the strip tracker system test, participate the early run.  
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Schedule – Timing Pixel Detector 

• 2024: Complete literature survey, clarify the design specifications and 
technical path, finish the framework and functional module design of 
sensor and front-end electronics. 

• 2025: Complete design of the first sensor, finish the prototype design of 
the first front-end electronics. 

• 2026: Complete the first sensor test, validate the simulation of the first 
front-end electronics  

• 2027: Complete the second sensor design,  evaluate the first front-end 
electronics, improve the circuit structure and parameters, design the 
second version of electronics. 

• 2028: Complete the sensor and front-end electronics evaluation, release 
document. 
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Muon Detector Detailed Schedule
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Detailed Budget
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  课题1: High Granularity Timing Detector Budget

65

Content Budget (10k RMB) Description

1. Equipment 70 Work stations, LCR meters, HV/LV power supply ...

2 Operation 734

2.1 LGAD 267 150 LGAD sensors wafers 

2.2 flexible cable 105 7500 flexible cable 

2.3 high voltage 70 750 channels of HV modules

2.4 PEB boards 200 160 PEB boards with components and testing 

2.5 modules 68 Wire-bonding, 1000 hybrids

2.3  Travel, meeting, collaboration 24 Travels , meeting 

3  Labor 128 Postdocs, graduate students

Indirect 203

Total 1135



课题2: Silicon Inner Tracker Budget

66

Content Budget (10k RMB) Description

1. Equipment 0 No equipment

2 Operation 415

2.1 Material 356

2.1.1 Strip Barrel Detector 286 Material for making 200 strip modules, including sensors, ASICs, 
hybrid readout flexes, glues

2.1.2  Timing Pixel Detector 70 One readout electronics prototype, two  sensors prototypes

2.2  Test and machining 39 Tooling for strip detector module, Al bonding wires, testing 
material for timing pixel sensor and readout

2.3  Travel, meeting, 
collaboration 

15 Support research activities

2.4  Publication, Patents 5 Publications, patents, etc. 

3  Labor 60 Postdocs, graduate students, financial service

Indirect 125

Total 600



课题3: Muon Detector (RPC) Budget

67

Content Budget (10k RMB) Description

1. Equipment 0 No equipment

2 Operation 328

2.1 Material 209

  2.1.1 RPC gas gaps 67.5 Material for making 90m2 RPC gas gap

  2.1.2  BIS readout panel 112 Material for making 160 readout panels

  2.1.3 Cosmic test station and DAQ 17 Support structure, DCT boards and cables for the test station

  2.1.4 RPC working gas 12.5 Gases for RPC test: Freon, iso-butane, SF6, Ar

2.2  Test and machining 22
Test of the impedance, surface characters, electronics with the instruments 
in commom pool

2.3  Detector shipment 48 Shipment of the detectors to MPI, 8 x 6 times

2.4  Travel, meeting, collaboration 9 Support research activities

2.5  ATLAS M&O 40 Support the ATLAS Common Fund for 1 key member

3  Labor 30 Postdocs, graduate students

Indirect 107

Total 465



Timing Detector Detailed Information
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2 Detector Requirements and Layout ATLAS DRAFT

at different times but close in space lead to ambiguities in the track-to-vertex association.428

This happens when the distance between vertices is of the same order or smaller than the429

resolution of the longitudinal impact parameter of the track, which happens more often for430

tracks in the forward region. The timing information reduces the density of vertices which431

are considered for a given track. In this event you can see the reconstructed vertices are432

also spread in time, due to the association of tracks with timing information of the HGTD.433

The time of HS vertex is also reconstructed using tracks with hits in the HGTD, and allows434

for the effective separation of the HS vertex from pile-up vertices surrounding it in the z435

direction.436
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Figure 2.10: Visualisation of the primary vertices in an event in the z–t plane, showing the simulated
Hard Scatter (HS) with 200 pile-up interactions superimposed. The reconstructed vertices (blue
ellipses) are overlaid along with the reconstructed HS vertex (green star).

2.4 Radiation hardness437

One of the most important parameters of the HGTD will be radiation hardness of the438

sensors and electronics. Given that the HGTD will be installed with a pseudo-rapidity439

coverage of 2.4 < |h| < 4.0, it is crucial that the detector can withstand the lifetime of the440

HL-LHC running. At the end of the HL-LHC (4000 fb−1), the maximum neutron-equivalent441

fluence at a radius of 120 mm should reach 6.8 ⇥ 1015 neq cm�2 and the total ionising dose442

(TID) will be about 4.2 MGy, as shown in Fig. 2.11. To account for uncertainties in the sim-443

ulation, a safety factor of 1.5 is applied to both numbers. An additional factor of 1.5 is444

applied to the TID due to uncertainties in the behaviour of the electronics after irradiation.445

This leads to a total safety factor of 1.5 for the sensors that are most sensitive to the particle446

fluence, and 2.25 for the electronics which are more sensitive to the TID. After applying447

these, the detector would need to withstand 10.2 ⇥ 1015 neq cm�2 and 9.5 MGy.448

12 8th March 2019 – 19:06

Pileup is a major challenges  
at high luminosity 

- Additional fake jets 
- Affects reconstruction of physics objects 
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at different times but close in space lead to ambiguities in the track-to-vertex association.428

This happens when the distance between vertices is of the same order or smaller than the429

resolution of the longitudinal impact parameter of the track, which happens more often for430

tracks in the forward region. The timing information reduces the density of vertices which431

are considered for a given track. In this event you can see the reconstructed vertices are432

also spread in time, due to the association of tracks with timing information of the HGTD.433

The time of HS vertex is also reconstructed using tracks with hits in the HGTD, and allows434
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2.4 Radiation hardness437

One of the most important parameters of the HGTD will be radiation hardness of the438

sensors and electronics. Given that the HGTD will be installed with a pseudo-rapidity439

coverage of 2.4 < |h| < 4.0, it is crucial that the detector can withstand the lifetime of the440

HL-LHC running. At the end of the HL-LHC (4000 fb−1), the maximum neutron-equivalent441

fluence at a radius of 120 mm should reach 6.8 ⇥ 1015 neq cm�2 and the total ionising dose442

(TID) will be about 4.2 MGy, as shown in Fig. 2.11. To account for uncertainties in the sim-443

ulation, a safety factor of 1.5 is applied to both numbers. An additional factor of 1.5 is444

applied to the TID due to uncertainties in the behaviour of the electronics after irradiation.445

This leads to a total safety factor of 1.5 for the sensors that are most sensitive to the particle446

fluence, and 2.25 for the electronics which are more sensitive to the TID. After applying447

these, the detector would need to withstand 10.2 ⇥ 1015 neq cm�2 and 9.5 MGy.448
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at different times but close in space lead to ambiguities in the track-to-vertex association.428

This happens when the distance between vertices is of the same order or smaller than the429

resolution of the longitudinal impact parameter of the track, which happens more often for430

tracks in the forward region. The timing information reduces the density of vertices which431

are considered for a given track. In this event you can see the reconstructed vertices are432

also spread in time, due to the association of tracks with timing information of the HGTD.433

The time of HS vertex is also reconstructed using tracks with hits in the HGTD, and allows434

for the effective separation of the HS vertex from pile-up vertices surrounding it in the z435

direction.436
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ellipses) are overlaid along with the reconstructed HS vertex (green star).

2.4 Radiation hardness437

One of the most important parameters of the HGTD will be radiation hardness of the438

sensors and electronics. Given that the HGTD will be installed with a pseudo-rapidity439

coverage of 2.4 < |h| < 4.0, it is crucial that the detector can withstand the lifetime of the440

HL-LHC running. At the end of the HL-LHC (4000 fb−1), the maximum neutron-equivalent441

fluence at a radius of 120 mm should reach 6.8 ⇥ 1015 neq cm�2 and the total ionising dose442

(TID) will be about 4.2 MGy, as shown in Fig. 2.11. To account for uncertainties in the sim-443

ulation, a safety factor of 1.5 is applied to both numbers. An additional factor of 1.5 is444

applied to the TID due to uncertainties in the behaviour of the electronics after irradiation.445

This leads to a total safety factor of 1.5 for the sensors that are most sensitive to the particle446

fluence, and 2.25 for the electronics which are more sensitive to the TID. After applying447

these, the detector would need to withstand 10.2 ⇥ 1015 neq cm�2 and 9.5 MGy.448
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Pileup is a major challenges  
at high luminosity 

- Additional fake jets 
- Affects reconstruction of physics objects 

200 interactions 

At v = c, 1 mm corresponds to 3 ps ⇒ Gain is not from time-of-flight information, but from knowing times of each vertex collision 
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Ti
m

e
 in

fo
rm

a
tio

n

Bu
nc

h 
c

ro
ss

in
g

 ti
m

e
sc

a
le

: 
 h

un
d

re
d

th
 o

f p
ic

o
se

c
o

nd
s

30 ps



The High Granularity Timing Detector
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2 Detector Requirements and Layout ATLAS DRAFT

Figure 2.1: Position of the HGTD within the ATLAS Detector. The HGTD acceptance is defined as the
surface covered by the HGTD between a radius of 120 mm and 640 mm at a position of z = ±3.5 m
along the beamline, on both sides of the detector.

A custom ASIC (ALTIROC), which will be bump-bonded to the sensors, is being developed286

to meet the requirements on time resolution and radiation hardness. The ASIC will also287

provide functionality to count the number of hits registered in the sensor and transmit this288

at 40 MHz to allow unbiased, bunch-by-bunch measurements of the luminosity and the289

implementation of a minimum-bias trigger. After optimising the layout for timing per-290

formance and cost, the detector design described in this document will give an average of291

three (two) hits per track at r < 320 mm (r > 320 mm). A description of the detector layout292

optimisation is presented in Sec. 2.2. It covers the pseudo-rapidity range 2.4 < |h| < 4.0.293

Each end-cap is the integration of one hermetic vessel, two instrumented double sided294

layers (mounted in two cooling/support disks), and two moderator pieces placed inside295

and outside the hermetic vessel. Each cooling/support disk is physically separated in two296

half circular disks. Furthermore, the layers are rotated in opposite directions with respect297

to one another by 15° in order maximize the hit efficiency.298

A global view of the various components of the detector and its main parameters are shown299

in Fig. 2.2 and Tab. 2.1.300

2.2 Detector layout and optimisation301

The goal of the detector design is to provide the best possible time resolution in order to302

effectively suppress the effects of pile-up in the forward region. Tracks are associated to303
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ATLAS DRAFT 2.2 Detector layout and optimisation

Peripheral	
Electronics	

Moderator/	
outer	part	

Doubled	sided	
Silicon	layers	

Front	&	Back	disks	

1	

Moderator/	
Inner	part	Front	cover	

Back	cover	

Outer	ring	

Inner	ring	

EC	LARG	Cryostat	

CO2	cooling	
manifolds	

Figure 2.2: Global view of the HGTD to be installed on each of two calorimeter extended barrels.
The various components are shown: hermetic vessel (front and rear covers, inner and outer rings),
two instrumented double sided layers (mounted in two cooling disks), two moderator pieces placed
inside and outside the hermetic vessel.

vertices using the longitudinal impact parameter, reconstructed using the ITk. The current304

ITk layout is shown in Fig. 2.3. Fig. 2.4 shows the resolution, sz0 , of the longitudinal track305

impact parameter, z0, from the ITk as a function of h, for pT = 1 GeV and pT = 10 GeV306

muons. The resolution is shown for both digital and analogue clustering. Digital clus-307

tering shows a similar performance to analogue clustering for pT = 1 GeV muons and a308

10–20 % degradation in sz0 for pT = 10 GeV muons. In this report, performance studies309

have been performed with an ITk layout including a sensor pitch of 50⇥50 µm and digital310

clustering.311

For good spatial separation of the HL-LHC collision vertices, sz0 should be significantly312

better than the inverse of the average pile-up density, 600 µm. Fig. 2.4 shows that, in the313

central region, sz0 is well below this limit. In the forward region, however, the resolution314

exceeds the limit by a large factor, reaching 3 mm for particles with low transverse mo-315

mentum (pT) at |h| ⇡ 4, due to the combination of geometric projection and, as shown in316

Fig. 2.5, increased material. As a result, ITk by itself cannot associate such forward tracks317

to the correct vertices in an unambiguous way.318
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Pixel detector with coarse spatial resolution but precision timing (30-40 ps per track) 

Pseudorapidity coverage: 2.4<|η|<4.0  
Radial extension: 12 cm < R < 64 cm 

2 disks per endcap

2 rings per disk: 
 inner ring replaced at 2000 fb-1

σt ~ 40-85 ps/hit up to 4000 fb-1 



• HGTD aim to reduce pileup contribution at HL-LHC	

• Timing resolution is required to be better than 30 ps (start) - 50 ps (end) ps per track	
• 6.4 m2 area silicon detector and ~ 3.6 × 106 channels	

• High Granularity: Pixel pad size: 1.3 mm × 1.3 mm	

• Radiation hardness : 2.5x1015 Neq /cm2 and 2 Mgy	
• Chinese team is making key contributions:	

• >88% LGAD sensor (IHEP + USTC) - 15%	

• 45% detector assembly (IHEP + USTC) - 10%	

• 100% front-end electronics board (IHEP +NJU) - 100%	

• ~33% flex tail (SDU) - 33%	

• 50% ASIC testing (IHEP)	
• 16% high-voltage electronic systems (IHEP+ SDU) - 16%	

• Software and performance (USTC)

High Granularity Timing Detector (HGTD)
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ATLAS China team in HGTD management

74

• ATLAS China team played a leading role in HGTD 	
– Joao (IHEP) is project leader, Level-1 management role in ATLAS	
• The first project leader in ATLAS China team 	

– 5 Level-2 conveners (Module, Sensor, Electronics, Risk, Simulation)	
– 2 Level-3 conveners (PEB, high-voltage )	
– 1 Speaker committee



LGAD sensor after Irradiation

• IHEP-IME/FBK/USTC-IME LGAD with carbon-enriched doping 
• Significantly lower acceptor removal ratio, more radiation hard  

• After  2.5×1015  neq/cm2 , LGADs were operated at voltages below 550 V  
• Test beams at CERN and DESY, confirm the feasibility of  LGAD timing detector for HL-LHC 
• IHEP and USTC made leading contribution to radiation hard LGAD sensors  
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70 ps

Acceptor Removal Ratio	
Lower ratio, more radiation hard



LGAD sensors pre-production

• Lots of prototypes R&D in LGAD in last few years, active vendors includes: 
• IHEP-IME (China), USTC-IME (China), IHEP-NDL(China), FBK (Italy), CNM (Spain), HPK (Japan) …  

• HGTD just finalized the CERN tendering. The preliminary production plan:  
• IHEP-IME: 78% (54% from CERN tendering+24% in-kind contribution) 
• CNM: 12% in-kind contribution 
• USTC-IME: 10% in-kind contribution
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3rd 

2nd 

1st 

Share of production 	
between vendors

Pre-production LGAD sensors from China 



HGTD module assembly
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• IHEP is contributing 50% of HGTD hybrids 
• Bump bonding to hybridized  LGAD and ASIC 
• IHEP made full size hybrids with ALTIROC chip 

• 6 module assembly site at HGTD project  
• IHEP, USTC, Mainz, France, IFAE, Morocco  

• IHEP is largest site,  34% of module assembly 
• USTC is responsible for 11% of assembly  

• IHEP/USTC developed gantry system  
• Automatic glue dispending, assembly 

Gantry @ IHEP Gantry @ USTC 

Hybrids in X ray image Hybrids	
 Profile view

China 
45%



Peripheral Electronics Boards, flex tail, HV power supply 

78
7

➢ IHEP and NJU developed Peripheral Electronics Boards prototype 
➢ SDU developed long flex tail prototype (75cm) 
➢ IHEP developed high voltage power supply prototype 

Long Flex tail prototype (75cm)

Modular Peripheral Electronics Boards prototype

High voltage power supply prototype



Silicon Tracker Detailed Information
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Subtask 2: Inner Tracker (ITk) Upgrade

80

• Radiation hard sensor and ASIC study 
• Strip detector module production     
• Complex silicon tracker system integration 

2.1 ITk Strip Barrel Detector

• Pixelated LGAD sensor R&D 
• Fast front-end electronics R&D

2.2 Timing Pixel Detector



2.1 ITk Strip Barrel Detector 

81

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



2.2 Timing Pixel Detector 
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Deliverables 

• Complete timing pixel sensor prototype with timing test report  
• Advance fast front-end pixel electronics key technology 

• Pixelated LGAD sensor fabrication and timing evaluation  
• Fast front-end electronics data buffering, readout, transmission

Contents

DiscriminatorAmplifier

Test 
Signal

TDC
Input Memory

Readout
Control

DiscriminatorAmplifier

Test 
Signal

TDC
Input Memory

Output

AFE
(Analog Front End)

DSP
(Digital Signal Processing)

AFE
(Analog Front End)



Innovation Point
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• ATLAS Inner Tracker will be the large charged tracking detector 
for the energy and luminosity frontier.  
• High tracking reconstruction efficiency and pattern recognition while 

keeping the material budget low  
• The radiation hardness and complexity of the system represents the 

large scientific instrument of this kind  

• The new timing pixel detector has the potential to be used for 
the next generation of the ATLAS pixel detector to explore new 
physics 



Sensor Irradiation Study
• Carried proton irradiation of strip mini-sensor at 

CSNS for quality assurance (QA) site 
• 80 MeV proton fluence up to 1.6x1015 neq/cm2 
• Developed temperature and humidity control chamber  

• Sensor characterization at IHEP  
• I-V, C-V, to check if any early breakdown 
• CCE (Charge Collection Efficiency)
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Mini 
SensorWafer

ColdBox@CSNS

Beam



ASICs Irradiation Study
• Three types of ASIC on strip module  

• ABCStar : Strips readout front-end chip) 
• HCCStar : Interface between hybrid and stave 
• AMACStar: Monitor and control voltage, current, temp 

• Contributed to design and verification of ABCStar 

• ASICs TID studied with X-ray machine at IHEP 

• Carry SEE test for ASICs at CSNS
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Strip Barrel Module Assembly
• China plan to deliver 10% strip barrel modules  

• For this project 200 modules 

• Assemble detector modules precisely metrology 
and glue robot machines  

• Thermal cycle modules 10x from -35°C to +40°C 
• Mimic the experimental situation at ATLAS
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Glue Robot

Cabinet

Metrology

Weight

Wire BonderPull Test

Scope

Scope

Probe 
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Dry Box (x4)

Thermal 
Cycling

Electrical Test

Chiller
Hybrid 
Burn-in

IHEP Site for ITk Strip Module 



Barrel Tracker System Integration

• 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 
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Inner Tracker (ITk) Strips Silicon Tracker

• China-ITk  will deliver 10% strip barrel modules  
• 1000+ strip modules, 10m2 sensor area 
• 500 modules done at RAL + 500 modules at IHEP  

• Contributions to strip sensor and ASICs 
• Design and verification of ABCStar chip 
• Sensor and ASICs Irradiation @CSNS 

• Will contribute to strip barrel system integration, 
installation and commissioning
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RAL Site Module Production and Stave Loading

• Two FTEs from IHEP based at RAL (one postdoc + one student) 
• Contributed to RAL site module production and stave loading  
• Contributed to beam test and analysis  
• Active on tools design tweak, wire bond oscillation test, etc  
• IHEP postdoc instrumental in study of recent “cold noise” problem 
• Will be involved in the tracker system integration in the future 
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 Radiation Hard Strip Sensor & ASIC Study 

• Carried proton irradiation of ITk strip mini-sensor @CSNS for quality 
assurance (QA) site  

• Sensor irradiation characterization @IHEP 

• Contributed to design and verification of ABCStarV0  
• ASICs TID studied with X-ray machine  at IHEP    
• Carried SEE test at CSNS for ABCStarV1, HCC and AMAC 
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Timing Pixel Sensors R&D
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• Pixeled LGAD sensor will be designed and fabricated  
• TCAD simulation and design  

• sensors geometry structure, substrate properties, process 
parameters 

• Sensor Layout and fabrication: 
• Mask design and controllable fabrication process 
• Electrical system for timing information, Beta source testing 
• Timing resolution before and after irradiation be less than 

100ps 
  



Timing Pixel Readout Electronics
• Timing Pixel Readout Module design 

• Analog front end design: Amplification and 
discrimination combined with high-precision TDC to 
extract time information  
(By international cooperation ) 

• Strategy and architecture design for TDC data 
buffering and  fast readout 

• Readout system prototype design 
• Pixel Readout Module provides power supply and 

bias for the AFE array and DSP 
• Readout Board is responsible for the data collection, 

data transmission, and configuration 
• Interface card connects the Pixel Readout Module 

and Readout Board 
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Muon Detector Detailed Information
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Task 3: Participating units and personnel

94

• Lead unit: University of Science and Technology of China, project leader: Sun Yongjie

• Participating unit: Shanghai Jiaotong University, head of the unit: Guo Jun

• Participants: 12 people

• University of Science and Technology of China: 9 people, including: 4 deputy seniors and 5 others

• Shanghai Jiaotong University: 3 people, including: 1 deputy senior, 2 others

• 分工：
• 关键技术研究部分：根据已有基础条件和专长合理分工，最大程度发挥各单位的研究力量，保证各关键技术研究按时完成。
• 探测器与电子学的制作和测试：共同集中人力，在中科大完成，尽量避免大面积探测器的运输专场。
• 探测器的现场安装和调试：则由两家单位按合适比例共同承担

• Division of labor:
•  Key technology research part: According to the existing basic conditions and expertise, give full play to the research force of each unit to 

the maximum extent, and ensure that the research of each key technology is completed on time.

•  Production and testing of detectors and electronics: gather manpower together, complete it at the University of Science and Technology of 
China, and try to avoid the transportation of large-area detectors.

• On-site installation and commissioning of the detector: it shall be jointly undertaken by the two units in an appropriate proportion.



Task 3: Organizational management and safeguards

• This topic implements the overall responsibility system of the person in charge of the project. 
• The person in charge of the project organizes and coordinates the development and 

implementation of various research work of the project. The project leader designates the 
specific person in charge of all aspects according to the research content of the project. 
They maintain close communication and exchange with the project leader and carry out 
various research work under the leadership of the project leader. 

• The project will regularly organize regular meetings of the research group to discuss and 
solve specific technical problems; hold a second research group seminar every year to 
discuss the important issues in the implementation of the project; hold a year-end summary 
meeting every year to check the progress of the project and arrange the specific work of 
the year. 

• The project will strictly implement the policy requirements of the State and the Ministry of 
Science and Technology for the "National Key Research Plan". The participating units of the 
project and the countries where the participating units are located and the key laboratories 
of the Ministry of Education will support human resources, laboratory sites and related 
conditions such as researchers, support personnel and graduate students to ensure the 
smoothness of the project. Implement and achieve the goal.
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Task 3: Risk analysis and countermeasures

• The risk of adjusting the progress of large-scale international cooperation: there 
are many participating units, and the tasks undertaken by each unit are 
intertwined and supported by each other; and are affected by the entire ATLAS 
experiment and HL-LHC upgrade plan. 

• Response measures: Actively participate in the communication and discussion related 
to the upgrade project, keep abreast of the latest developments of each task, 
reasonably adjust the specific work arrangement, and ensure that each task is 
completed on time. 

• Risk of long-distance transportation of large-area detectors: Each unit 
undertakes different assembly steps, involving the detector transportation chain 
of Italy, China, Germany and Switzerland. 

• Countermeasures: Reasonable design of detector support, packaging and protection 
structure to avoid damage to detector transportation
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RPC Detailed Construction Scheme
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Thin-gap RPC for Muon trigger
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● Thin-gap RPC will be installed in the ATLAS Barrel Inner region to cope with HL-LHC: ~1400 m2 
area, ~100k channels in total.	

● USTC-SJTU-SDU cluster will contribute ~½ of the readout panel production, ½ of RPC singlet 
assembly, ½ of FEE board construction and correlating QA&QC.(2026.6)	

● R&D carried out with various improvements: honeycomb panel, double-end readout method, 
signal attenuation study, etc.	

● 4 prototypes has been constructed. Get ready for mass production, Quality Control and 
Assurance for ~300 Large size RPC singlets. 



Thin-gap RPC for Muon trigger
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Built & qualified full-size singlets

 Graphite 
layer

10 𝑘 Ω /𝑆𝑞  Graphite 
layer

100 𝑘 Ω /𝑆𝑞

 Honeycomb readout panel

Gas flow simulation @ SJTU

R&D on signal attenuation

Trigger size: 200 x 130 cm2

Panel flatness qualificationGas gap prototype

Distribution of time difference [ns] Difference of Hit Position [cm]

Spatial resolution: 1.05 cmTime resolution: 411 ps

Double-end readout

Cosmic ray trigger system by SDU
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BIS type RPC

• BIS-1 is the largest RPC in the phase-2 upgrade.	
• Both BIS-1 and BIS 2-6 types are very wide, which is 
out of the capability of normal photo-etching 
facilities. 	

• A Chinese factory is the only supplier in the world 
for such large PCBs.	

• The production of such large honeycomb readout 
panels is also time and space consuming. 	

• The flatness of the readout panel is strict, to ensure 
the flatness of the gas volume. 
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BIS-1: 1705 mm x 1072 mm ± 1 mm     (96 panels)	
BIS 2-6: 1705 mm x 890 mm ± 1 mm    (480 panels)

Flatness-2D Flatness-1D



Work basis and background
• USTC take charge of the tast#3, the ATLAS muon detector upgrade, is one of the national key institutes 
in the field of the particle detector and related electronics. 	

• USTC has take part in BEPC-BES, LHAASO, HIRFL-CEE, etc. for detector and electronics R&D.	
• USTC has made great progress on the thin-gap RPC in the last MOST project.
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 Graphite 
layer

10 𝑘 Ω /𝑆𝑞  Graphite 
layer

100 𝑘 Ω /𝑆𝑞

Production of the large readout panel

R&D on signal attenuation

Large-scale cosmic ray trigger system

Real size detector under test

RPC gas gap production facility 



The up-to-date RPC production time line

• This table shows the up-to-date RPC production time line with the first priority, which contains the core part of the production. 	
• The main task for China-cluster is the BIS part (which covers all of 8 small sectors), including the strip PCB production, the 

honeycomb readout panel production, (half of) the FEE board production, the singlet construction and integration, and the QA&QC 
of all the products.	

• In total, the work related to 288 BIS singlets.	
• (From the time line, we can also find the “singlet integration” time is very limited. This is due to the fact that the delivery of the FEE 

ASIC is delayed again. This also makes the time for the QA&QC on the singlets very tight.)	
• The table doesn’t contain the QA&QC on the chambers, which needs also manpower contributions from China.	
• From 2026 to 2028, the main work will be the installation and commissioning at CERN.
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Milestones

HPL

gas	gaps	BIL

gas	gaps	BIS

BIS	Strip	PCB	
production

BIS	Singlet	
construction

BIS	Singlet	
integration

BIL	Strip	PCB	

BILSinglet	
construction

BIL	Singlet	
integration

FE	PCBs

13% 25% 40% 55% 70% 85% 100%

93% 107%13% 27% 40% 53%

1% 12% 29% 47% 64% 82% 100%

98%

27% 40% 53% 67% 80% 93% 100%

67% 80%

12% 24% 36% 48% 60% 72% 84% 96%

2% 25% 40%11%

93% 107%13% 27% 40% 53% 67% 80%

75%

13% 25% 50% 75% 100%

84%

100%

100%

54% 69%

90%

4% 22% 39% 56% 74% 91%

13% 25% 40% 60%

3% 3%

Dec
2023 2024

Jun Jul Aug Sep Oct NovDec Jan Feb Mar Apr May Dec
2025

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Jun Jul Aug Sep Oct NovJan Feb Mar Apr May

 100% = 576 BIS strip panels 

 100% = 288 BIS singlets

 50% ≈ 5000 FEE boards 



Work sharing (under discussion)
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➢Stations 5-9@S7 are not critical in installation 
sequence	

➢30 gas gaps to be assigned to USTC-cluster.	
➢(very likely,) ½ of the strip panel production, single 
assembly and triplet assembly

➢Eta=0@S9 has priority-2 in installation sequence	
➢18 gas gaps to be assigned to USTC-cluster.	
➢And also the strip panel production, single assembly 
and triplet assembly

The core part!  

➢BIS8C has priority-3 in installation sequence	
➢24 gas gaps to be assigned to USTC-cluster.	
➢And also the single assembly and triplet assembly



Risk 

• The ATLAS upgrade is organized in a large collaboration. The plan and 
the scheme of the upgrade are decided by the collaboration. 	

➔Take in-depth cooperation with the collaboration and other institutes.	
➔Be aware of the plan and scheme at all the time.	
➔Take responsive actions in case of new situation.	
➔Keep the responsible work in healthy condition.
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