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Main contents and objectives of the project
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Aim	for	high-luminosity,	low	cost

Detector	
High-precision,	high-resolution	to	insure	physics	goals

课题2:	Silicon	pixel	detector
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课题1:	Key	accelerator		
													technologies

Build	prototypes: Demonstrate	technologies	
Meet	possible	technical	limitations

Advance research and validation on key technologies of accelerator and detector



任务分解和主要研究: Task Arrangement and Main Research
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Task Task Leader 
Institute Research Content Funds

Task 1: 
Accelerator

Yunlong Chi 
IHEP

Prototypes: low-field dipole magnet, main ring 
vacuum system, electrostatic separator;  

Beam polarization design
974万

Task 2: 
Silicon 

Detector

João Guimarães da 
Costa 
IHEP

Prototype: silicon vertex with low-material 
budget, radiation resistant 1200万

Task 3: 
Hadronic 

Calorimeter

Jianbei Liu 
USTC

Prototype: imaging hadron calorimeter with 
scintillator + silicon photomultiplier tube 

(SiPM)
971万

Total funding: 3145 万



Major Project Milestones:

• Official starting date: May 1, 2018 

• Official kick-off meeting: November 28, 2018 

• First Annual Meeting: April 2019 

• Midterm review: Today 

• Final report: April 2023
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Agenda for meeting
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General Overview: Today

Detailed Discussions: Tomorrow

Zoom room will be provided for 
referees discussion at 2:40 pm 



第⼆年（2019.5-2020.4）

• Task 1: 
• Manufacture the high-precision low-field dipole magnet small experimental prototype  

• Finish engineering design of vacuum tube and bellows, and electrostatic separator 
• Simulation program for storage ring polarization is developed 

• Task 2:  
• Engineering designs of mechanics structure 

• Second ASIC MPW submitted 

• Task 3:  
• Simulate whole HCAL prototype and develop software framework 

• Carry out production of scintillator units 

• Prototype absorber and supporting structure are designed
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Main Milestones

Outcome
• Mid-term report



Task 1 - Mission 1: High precision low-field dipole magnet
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Two small low-field dipole magnet prototypes built

Iron core CT Coil — no iron core

Full scale CT prototype designed
construction to start soon

(ahead of schedule)



Task 1 - Mission 2: Main ring vacuum system
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6-m long vacuum tubes RF shielding bellows NEG Coating setup

(ahead of schedule)



Task 1 - Mission 3: Electrostatic separator
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(ahead of schedule)

Design has been finished and prototype construction has started



第⼆年（2019.5-2020.4）

• Task 1: 
• Manufacture the high-precision low-field dipole magnet small experimental prototype  

• Finish engineering design of vacuum tube and bellows, and electrostatic separator 
• Simulation program for storage ring polarization is developed 

• Task 2:  
• Engineering designs of mechanics structure 

• Second ASIC MPW submitted 

• Task 3:  
• Simulate whole HCAL prototype and develop software framework 

• Carry out production of scintillator units 

• Prototype absorber and supporting structure are designed
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Main Milestones

Outcome
• Mid-term report



  Task 2: Vertex Highlights
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Second version of chip/sensor (TaichuPix2) already produced and under test

(ahead of schedule)

(fresh preliminary results tomorrow)

Chip design already includes all required features
Possibility to move directly to Engineering run, if no problems encountered



  Task 2: Vertex Highlights
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Layout optimization finalized Engineering design on-going

Beam Beam



第⼆年（2019.5-2020.4）

• Task 1: 
• Manufacture the high-precision low-field dipole magnet small experimental prototype  

• Finish engineering design of vacuum tube and bellows, and electrostatic separator 
• Simulation program for storage ring polarization is developed 

• Task 2:  
• Engineering designs of mechanics structure 

• Second ASIC MPW submitted 

• Task 3:  
• Simulate whole HCAL prototype and develop software framework 

• Carry out production of scintillator units 

• Prototype absorber and supporting structure are designed
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Main Milestones

Outcome
• Mid-term report



  Task 3: Calorimeter Highlights
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Design optimization finalized
40 layers of 20 mm steel 

      + 3 mm scintillator
      + 2 mm PCB

Cell size: 4 cm × 4 cm2

Transverse size: 72 × 72 cm2 

based on simulation studies

Optimized tile geometry production method
Injection molding technique to 
produce titles  in large quantities 

Automatic wrapping
and 

batch testing



Midterm term indicators and work package achievement

• Task 1: Accelerator 
• Midterm indicators achieved 

• Midterm work package achieved 

• Task 2: Vertex 

• Midterm indicator achieved 

• Midterm work package achieved 

• Purchase of gantry for precision assembly of detector delayed due to trade conflict 

• Task 3:  
• Midterm indicators achieved 

• Delays in the implementation of the problem (tile production) due to re-optimization 

of the tile size, and COVID-19
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Academic achievements
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Task 1 Task 2 Task 3

Papers 2 2 1

Conferences 
and seminars 
/international

10/4 5/2 15/4

Publications are somewhat limited since this is a technical project. 
More publications are expected when prototypes are finalized and studied.

Some international conferences/workshops are organized by CEPC. 
The “International” numbers above exclude those.

*

* only a selection of talks are included 
in this accounting



Funding Allocation and Implementation
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Project management organization

• Project office 

• Contact person：Zhaoru Zhang  

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

• Contact person of Task 1 (Accelerator)：Yunlong Chi（task leader) 
• Financial assistant: Jie Zhou 

• Contact person of Task 2 (Vertex)：Joao Guimaraes da Costa（task leader) 
• Financial assistant: Zhaoru Zhang 

• Contact person of Task 3 (Calorimeter)：Jianbei Liu（task leader) 
• Financial assistant: Limin Wang
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Project Funds Allocation
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Full funds has been allocated

Implementation: 
Direct fee Task 1 Task 2 Task 3
Midterm 88% 58% 29%

Total 43% 22% 13%



Task 1: Funds allocation and implementation
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预算科⽬名称 Total Budget	un;l	
Midterm

Implementa;on	un;l	
2020/6/30

Rate	of	expense/
total	budget

Rate	of	expense/
midterm	budget

（⼀）direct	fee 878.19 430.49 379.5 43.21% 88.16%

1、device	fee 456 261 333.2 73.07% 127.66%

（1）purchase device 140 75 105.9 75.64% 141.20%

（2）trial	device 296 166 227.3 76.79% 136.93%

（3）modifed device 20 20 0.00 0.00% 0.00%

2、material	fee 116 56 2.9 2.50% 5.18%

3、tes;ng	fee 76.2 24.7 2 2.62% 8.10%

4、power	fee 18 4 0 0.00% 0.00%

5、travel/conference/
interna;onal	communica;on

131.1 53.2 21.9 16.70% 41.17%

6、publica;on 20.29 15.19 1.6 7.89% 10.53%

7、labor 51 13.6 17.9 35.10% 131.62%

8、consult 9.6 2.8 0 0.00% 0.00%



Task 2: Funds allocation and implementation
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预算科⽬名称 Total Budget	un;l	
Midterm

Implementa;on	
un;l	2020/6/30

Rate	of	expense/total	
budget

Rate	of	expense/
midterm	budget

（⼀）direct	fee 1047.700 402.583 234.84 22.41% 58.33%

1、device	fee 196.300 176.2 53.11 27.06% 30.14%

2、material	fee 235.66 112.49 52.01 22.07% 46.24%

3、tes;ng	fee 299.8 9.45 2.20 0.73% 23.28%

4、power	fee 20.64 8.26 0.00 0.00% 0.00%

5、travel/conference/
interna;onal	communica;on

123.81 39.9 44.80 36.18% 112.28%

6、publica;on 8.5 3.4 1.90 22.35% 55.88%

7、labor 157 50.5 81.27 51.76% 160.93%

8、consult 6 2.4 1.56 26.00% 65.00%



Task 3: Funds allocation and implementation
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预算科⽬名称 Total
Budget	un;l	
Midterm

Implementa;on	un;l	
2020/6/30

Rate	of	expense/total	
budget

Rate	of	expense/	
midterm	budget

（⼀）direct	fee 840.5 385.56 111.01 13.21% 28.79%

1、device	fee 135.6 105.6 39.88 29.41% 37.77%

2、material	fee 379.46 179.46 28.05 7.39% 15.63%

3、tes;ng	fee 45 18 5 11.11% 27.78%

4、power	fee 4.6 2 0 0.00% 0.00%

5、travel/conference/
interna;onal	communica;on

128.34 30 16.67 12.99% 55.57%

6、publica;on 6 2 0.07 1.17% 3.50%

7、labor 137.5 47.5 20.13 14.64% 42.38%

8、consult 4 1 0.21 5.25% 21.00%



Planning
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Impact due to Covid-19 pandemic
• International collaboration diminished 

• Travel to/from international partner institutions 

• Collaboration with BINP of Russia on Beam Polarization most affected 

• Work at partner international institutions was reduced but has no critical impact 
• International company bankruptcy might affect availability of packaged readout chip for 
calorimeter project 

• Work in laboratories at universities and IHEP reduced 

• Main driver of delays in the calorimeter task 

• e.g. production of scintillator tiles, wrapping and testing 

• Other main tasks proceeded without major delays 

• Personnel worked from home on most design activities 

• e.g 2nd version of vertex detector chip finalized at home and submitted to vendor in Israel with no 

impact on schedule
24



Future Integrated Plan (Microsoft Project)
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WBS CKLQHVH NDPH TDVN NDPH DXUDWLRQ SWDUW FLQLVK

1 儈能环形政府电子对撞机加䙏器关䭞技术傼证KH\ WHFKQRORJ\ YHULILFDWLRQ RI DFFHOHUDWRU 1261 GD\V 18/5/1 23/3/1
1.1 CEPC儈精度低场二极磁䫱样

机
CEPC KLJK SUHFLVLRQ DQG ORZ ILHOG GLSROH 
PDJQHW SURWRW\SH

1111 GD\V 18/5/1 22/8/2

1.1.1  小型实傼样机 MLQLDWXUH H[SHULPHQWDO SURWRW\SH 568 GD\V 18/5/1 20/7/2
1.1.1.1  物理设计 PK\VLFDO GHVLJQ 153 GD\V 18/5/1 18/11/29
1.1.1.2  工程机械设计 CRQVWUXFWLRQ PDFKLQHU\ GHVLJQ 153 GD\V 18/11/30 19/7/2
1.1.1.3  加工制䙐 PURFHVVLQJ DQG PDQXIDFWXULQJ 153 GD\V 19/7/3 20/1/31
1.1.1.4  实傼傼证 E[SHULPHQWDO YHULILFDWLRQ 109 GD\V 20/2/3 20/7/2
1.1.1.5  样机改进及测试 PURWRW\SH LPSURYHPHQW DQG WHVWLQJ 66 GD\V 20/3/3 20/6/2
1.1.2  正式磁䫱样机 FRUPDO PDJQHW SURWRW\SH 543 GD\V 20/7/3 22/8/2
1.1.2.1  物理设计 PK\VLFDO GHVLJQ 108 GD\V 20/7/3 20/12/1
1.1.2.2  工程机械设计 CRQVWUXFWLRQ PDFKLQHU\ GHVLJQ 153 GD\V 20/12/2 21/7/2
1.1.2.3  加工制䙐 PURFHVVLQJ DQG PDQXIDFWXULQJ 151 GD\V 21/7/5 22/1/31
1.1.2.4  实傼研究 E[SHULPHQWDO VWXG\ 66 GD\V 21/5/3 21/8/2
1.1.2.5  样机改进 LPSURYH WKH SURWRW\SH 88 GD\V 21/8/3 21/12/2
1.1.2.6  实傼傼证 E[SHULPHQWDO YHULILFDWLRQ 107 GD\V 21/12/3 22/5/2
1.1.2.7  测试傼收 AFFHSWDQFH WHVWLQJ 66 GD\V 22/5/3 22/8/2
1.2 真空系统 VDFXXP V\VWHP 1217 GD\V 18/5/1 22/12/28
1.2.1  真空盒、 屏蔽波纹管、䭰RF

膜装置初步设计

PUHOLPLQDU\ GHVLJQ RI YDFXXP ER[, RF 
VKLHOGHG EHOORZV DQG FRDWLQJ GHYLFH

220 GD\V 18/5/1 19/3/4

1.2.2  工程设计、招投标、签订技术

合同

EQJLQHHULQJ GHVLJQ, ELGGLQJ DQG VLJQLQJ RI 
WHFKQLFDO FRQWUDFWV

220 GD\V 19/3/5 20/1/6

1.2.3  样机加工和制䙐 PURWRW\SH SURFHVVLQJ DQG PDQXIDFWXULQJ 220 GD\V 20/1/7 20/11/9
1.2.4  真空盒、 屏蔽波纹管傼收RF

，真空盒内壁䭰膜实傼

AFFHSWDQFH RI YDFXXP ER[ DQG RF VKLHOGHG
EHOORZV, FRDWLQJ H[SHULPHQW RQ LQQHU ZDOO RI 
YDFXXP ER[

220 GD\V 20/11/10 21/9/13

1.2.5  䭰膜样品检测，抽䙏测试 CRDWLQJ VDPSOH WHVW, SXPSLQJ VSHHG WHVW 220 GD\V 21/9/14 22/7/18
1.2.6  评审傼收，资料归档 RHYLHZ DQG DFFHSWDQFH, GRFXPHQW ILOLQJ 117 GD\V 22/7/19 22/12/28
1.3 䶉电分离器 EOHFWURVWDWLF VHSDUDWRU 1261 GD\V 18/5/1 23/3/1
1.3.1  完成䶉电分离器参数计算 CRPSOHWH WKH SDUDPHWHU FDOFXODWLRQ RI 

HOHFWURVWDWLF VHSDUDWRU
200 GD\V 18/5/1 19/2/4

1.3.2  完成䶉电分离器束流䱫抗分析 TKH EHDP LPSHGDQFH DQDO\VLV RI 
HOHFWURVWDWLF VHSDUDWRU LV FRPSOHWHG

240 GD\V 18/7/10 19/6/10

1.3.3  完成䶉电分离器的整体方案设

计

CRPSOHWH WKH RYHUDOO VFKHPH GHVLJQ RI WKH 
HOHFWURVWDWLF VHSDUDWRU

190 GD\V 19/6/11 20/3/2

1.3.4  完成绝缘支撑件、儈压侸电穿

墙件设计

CRPSOHWH WKH GHVLJQ RI LQVXODWLRQ VXSSRUW 
SDUWV, KLJK YROWDJH IHHG WKURXJK ZDOO SDUWV

220 GD\V 19/4/30 20/3/2

1.3.5  完成䶉电分离器各关䭞䜘件的

机械设计及加工

CRPSOHWH WKH PHFKDQLFDO GHVLJQ DQG 
SURFHVVLQJ RI WKH NH\ FRPSRQHQWV RI WKH 
HOHFWURVWDWLF VHSDUDWRU

140 GD\V 20/5/4 20/11/13

1.3.6  完成䶉电分离器整体组装 CRPSOHWH WKH DVVHPEO\ RI WKH HOHFWURVWDWLF 
VHSDUDWRU

20 GD\V 20/11/16 20/12/11

1.3.7  搭建测试平台，进行䶉电场初

步儈压老练

BXLOG WHVW SODWIRUP IRU HOHFWURVWDWLF ILHOG 
SUHOLPLQDU\ KLJK YROWDJH VRSKLVWLFDWLRQ

140 GD\V 20/12/14 21/6/25

1.3.8  完成儈䱦模吸收器的设计及加

工

CRPSOHWH WKH GHVLJQ DQG PDQXIDFWXUH RI 
KLJK RUGHU PRGH DEVRUEHU

280 GD\V 20/6/1 21/6/25

1.3.9  进行冷却系统和儈䱦模吸收器

的优化设计

OSWLPL]H WKH GHVLJQ RI FRROLQJ V\VWHP DQG 
KLJK RUGHU PRGH DEVRUEHU

210 GD\V 21/8/16 22/6/3

1.3.10  完成䶉电分离器儈压老练和测

试

CRPSOHWH HOHFWURVWDWLF VHSDUDWRU KLJK 
YROWDJH VRSKLVWLFDWLRQ DQG WHVWLQJ

210 GD\V 22/2/3 22/11/23

1.3.11  亩目结仈评审 FLQDO SURMHFW UHYLHZ 0 GD\V 23/3/1 23/3/1
1.4 =能区极化束流的研究与设计 SWXG\ DQG DHVLJQ RI = HQHUJ\ UHJLRQ 

SRODUL]HG EHDP
1217 GD\V 18/5/1 22/12/28

1.4.1  基于共振䘰极化的精确能䟿
测䟿

AFFXUDWH HQHUJ\ PHDVXUHPHQW EDVHG RQ 
UHVRQDQFH GHSRODUL]DWLRQ

1050 GD\V 18/5/1 22/5/9

1.4.1.1  极化扭摆器的参数䘹择 PDUDPHWHU VHOHFWLRQ RI SRODUL]HG WRUVLRQDO 
SHQGXOXP

150 GD\V 18/5/1 18/11/26

1.4.1.2  精确能䟿测䟿的工作模式 A PRGH RI RSHUDWLRQ IRU DFFXUDWH HQHUJ\ 
PHDVXUHPHQW

178 GD\V 18/11/27 19/8/1

1.4.1.3  精确能䟿测䟿的误差分析 EUURU DQDO\VLV IRU DFFXUDWH HQHUJ\ 
PHDVXUHPHQWV

500 GD\V 20/6/9 22/5/9

1.4.2  极化束流对撞 PRODUL]HG EHDP FROOLVLRQV 1108 GD\V 18/5/1 22/7/28
1.4.2.1  极化束流的产生和保持 GHQHUDWLRQ DQG UHWHQWLRQ RI SRODUL]HG 

EHDPV
1108 GD\V 18/5/1 22/7/28

1.4.2.1.1  注入器设计 IQMHFWRU GHVLJQ 861 GD\V 18/5/1 21/8/17
1.4.2.1.2  束流极化度保持数值模拟 BHDP SRODUL]DWLRQ LV VLPXODWHG 

QXPHULFDOO\
247 GD\V 21/8/18 22/7/28

1.4.2.2  纵向极化束流对撞 LRQJLWXGLQDOO\ SRODUL]HG EHDP FROOLVLRQV1100 GD\V 18/5/1 22/7/18
1.4.2.2.1  自旋旋转器参数䘹择与设计 SHOHFWLRQ DQG GHVLJQ RI VSLQ URWDWRU 

SDUDPHWHUV
400 GD\V 18/5/1 19/11/11

1.4.2.2.2  储存环磁聚焦结构设计与优化 DHVLJQ DQG RSWLPL]DWLRQ RI VWRUDJH ULQJ 
PDJQHWLF IRFXVLQJ VWUXFWXUH

700 GD\V 19/11/12 22/7/18

1.4.3  亩目总结 PURMHFW VXPPDU\ 117 GD\V 22/7/19 22/12/28
1.4.3.1  撰写极化束流运行的物理设计

报告

WULWH WKH SK\VLFDO GHVLJQ UHSRUW RI WKH 
SRODUL]HG EHDP RSHUDWLRQ

117 GD\V 22/7/19 22/12/28

1.4.3.2  同行评议和亩目傼收 PHHU UHYLHZ DQG SURMHFW DFFHSWDQFH 0 GD\V 22/12/28 22/12/28
2 硅径迹探测器关䭞技术傼证 KH\ WHFKQRORJ\ YHULILFDWLRQ RI VLOLFRQ WUDFN 

GHWHFWRU
1261 GD\V 18/5/1 23/2/28

2.1 力学支撑结构 MHFKDQLFDO VXSSRUW VWUXFWXUH 934 GD\V 18/5/1 21/11/26
2.1.1 探测器模块几何排布优化 LD\RXW OSWLPL]DWLRQ 436 GD\V 18/5/1 19/12/31
2.1.2 探测器模块的结构初步设计  PUHOLPLQDU\ GHVLJQ RI ODGGHU VXSSRUWLQJ 

VWUXFWXUH
130 GD\V 18/5/1 18/10/29

2.1.3 探测器整机结构初步设计  PUHOLPLQDU\ GHVLJQ RI GHWHFWRU VXSSRUWLQJ 
VWUXFWXUH

260 GD\V 18/10/30 19/10/28

2.1.4 支撑结构的工程图设计 EQJLQHHULQJ SORW GHVLJQ RI VXSSRUWLQJ VWUXFWXUHV523 GD\V 19/5/1 21/4/30
2.1.5 制䙐模块的力学支撑结构样品  SURGXFWLRQ RI SURWRW\SH RI ODGGHU VXSSRUW 87 GD\V 20/12/31 21/4/30
2.1.6 探测器模块的结构最终设计  FLQDO GHVLJQ RI ODGGHU VXSSRUWLQJ VWUXFWXUH 43 GD\V 21/5/3 21/6/30
2.1.7 探测器整机的结构最终设计  FLQDO GHVLJQ RI GHWHFWRU VXSSRUWLQJ VWUXFWXUH416 GD\V 19/10/29 21/6/1
2.1.8 制䙐探测器整机支撑结构 MDQXIDFWXUH VXSSRUWLQJ VWUXFWXUH RI GHWHFWRU 128 GD\V 21/6/2 21/11/26
2.1.9 完成所有力学支撑结构的研制 CRPSOHWH WKH MDQXIDFWXUH RI DOO PHFKDQLFDO 

VXSSRUW VWUXFWXUHV
0 GD\V 21/11/26 21/11/26

2.2 传感器 TKH VHQVRU 919 GD\V 18/5/1 21/11/5
2.2.1 传感器像素内的电子学设计

，抗辐照元件设计

EOHFWURQLFV GHVLJQ LQ VHQVRU SL[HO, GHVLJQ RI 
DQWL - LUUDGLDWLRQ HOHPHQW

170 GD\V 18/5/1 18/12/24

2.2.2 外围数字电路、触发、时䫏与

电源等模块设计，与芯片抗辐

照性能模拟

PHULSKHUDO GLJLWDO FLUFXLW, WULJJHU, FORFN DQG 
SRZHU VXSSO\ ODGGHU GHVLJQ, DQG FKLS 
DQWL-UDGLDWLRQ SHUIRUPDQFH VLPXODWLRQ

261 GD\V 18/5/1 19/4/30

2.2.3 第一次多亩目晶圆

（ ）流片MPW
1VW MPW 100 GD\V 19/6/17 19/11/1

2.2.4 第二次多亩目晶圆

（ ）流片MPW
2QG MPW 90 GD\V 20/2/18 20/6/22

2.2.5 整合全功能的小䶒积芯片设计 IQWHJUDWLRQ RI IXOO\ IXQFWLRQDO VPDOO DUHD FKLS 
GHVLJQ

190 GD\V 19/5/1 20/1/21

2.2.6 第三次多亩目晶圆

（ ）流片MPW
3UG MPW 108 GD\V 21/1/1 21/6/1

2.2.7 设计大䶒积，全功能的传感器

芯片

DHVLJQ ODUJH DUHD, IXOO IXQFWLRQ VHQVRU FKLS 328 GD\V 20/5/13 21/8/13

2.2.8 第一次工程批硅晶圆加工 FLUVW HQJLQHHULQJ EDWFK VLOLFRQ ZDIHU SURFHVVLQJ60 GD\V 21/8/16 21/11/5
2.3 读出电子学与数据获取系统 RHDGRXW HOHFWURQL[ DQG GDWD DFTXLVLWLRQ 

V\VWHP
1066 GD\V 18/5/1 22/5/31

2.3.1 为初次 的芯片研制前端MPW
电路板

DHYHORSPHQW RI WKH IURQW HQG FLUFXLW ERDUG 
IRU WKH LQLWLDO MPW FKLS

261 GD\V 18/5/1 19/4/30

2.3.2 研制单个传感器芯片的数据获

取系统

DHYHORSPHQW RI GDWD DFTXLVLWLRQ V\VWHP IRU 
D VLQJOH VHQVRU FKLS

220 GD\V 19/5/1 20/3/3

2.3.3 ODGGHU的读出电子学 ODGGHU UHDGRXW HOHFWURQLF 218 GD\V 20/8/31 21/6/30
2.3.4 研制单个探测器模块的数据获

取系统

DHYHORSPHQW RI GDWD DFTXLVLWLRQ V\VWHP IRU 
D VLQJOH GHWHFWRU ODGGHU

472 GD\V 20/3/12 21/12/31

2.3.5 原型机的读出电子学 PURWRW\SH UHDGRXW HOHFWURQLF 132 GD\V 21/7/1 21/12/31
2.3.6 研制探测器原型机的数据获取

系统

DHYHORSPHQW RI GDWD DFTXLVLWLRQ V\VWHP IRU 
WKH SURWRW\SH GHWHFWRU

107 GD\V 22/1/3 22/5/31

2.4 探测器原型机整体设计与组装 TKH RYHUDOO GHVLJQ DQG DVVHPEO\ RI WKH 
SURWRW\SH 

1066 GD\V 18/5/1 22/5/31

2.4.1 制定探测器模块的组装流程 DHYHORS WKH DVVHPEO\ SURFHVV RI GHWHFWRU 
ODGGHU

260 GD\V 18/5/1 19/4/29

2.4.2 制定探测器原型机的组装流程

，开发自动组装系统

DHYHORS WKH DVVHPEO\ SURFHVV RI GHWHFWRU 
SURWRW\SH DQG GHYHORS WKH DXWRPDWLF 
DVVHPEO\ V\VWHP

430 GD\V 19/4/30 20/12/21

2.4.3 探测模块模型试制 GHWHFWRU ODGGHU WUDLO SURGXFWLRQ 66 GD\V 21/4/30 21/7/30
2.4.4 组装与调试俆批探测器模块 AVVHPEOH DQG WHVW WKH ILUVW GHWHFWRU ODGGHU 38 GD\V 21/11/24 22/1/14
2.4.5 组装与测试探测器模块 AVVHPEOH DQG WHVW WKH UHVW RI GHWHFWRU ODGGHUV75 GD\V 22/1/17 22/4/29
2.4.6 组装与调试探测器原型机 AVVHPEOH DQG GHEXJ GHWHFWRU SURWRW\SH 22 GD\V 22/5/2 22/5/31
2.4.7 完成探测器原型机的组装调试 CRPSOHWH WKH DVVHPEO\ DQG GHEXJJLQJ RI 

GHWHFWRU SURWRW\SH
0 GD\V 22/5/31 22/5/31

2.5 测试与数据分析 THVW DQG GDWD DQDO\VLV 1086 GD\V 19/1/1 23/2/28
2.5.1 对第一次 芯片做测试MPW THVW 1VW MPW FKLS 157 GD\V 19/11/4 20/6/9
2.5.2 对第二次 的芯片做测试MPW THVW WKH VHFRQG MPW FKLS 93 GD\V 20/8/4 20/12/10
2.5.3 对第三次 的芯片做测试MPW THVW WKH WKLUG MPW FKLS 53 GD\V 21/6/2 21/8/13
2.5.4 对工程批芯片做测试 THVW HQJLQHHULQJ FKLS 12 GD\V 21/11/8 21/11/23
2.5.5 束流测试与数据分析 BHDP WHVWLQJ DQG GDWD DQDO\VLV 1086 GD\V 19/1/1 23/2/28
2.5.5.1 束流测试模拟、䟽建和分析软

件开发
GHYHORSPHQW RI WKH VLPXODLWRQ, 
UHFRQVWUXFWLRQ DQG DQDO\VLV VRIWZDUH

784 GD\V 19/1/1 21/12/31

2.5.5.1.1 模拟软件开发 GHYHORSPHQW RI WKH VLPXODLWRQ VRIWZDUH 261 GD\V 19/1/1 19/12/31
2.5.5.1.2 䟽建软件开发 GHYHORSPHQW RI WKH UHFRQVWUXFWLRQ VRIWZDUH784 GD\V 19/1/1 21/12/31
2.5.5.2 分析软件开发 GHYHORSPHQW RI WKH DQDO\VLV VRIWZDUH 784 GD\V 19/1/1 21/12/31
2.5.5.3 束流测试实傼 BHDP WHVW H[SHULPHQW 60 GD\V 22/6/1 22/8/23
2.5.5.4 数据分析 TKH GDWD DQDO\VLV 85 GD\V 22/8/24 22/12/20
2.5.5.5 发表测试结果，撰写终期报告 PXEOLVK WHVW UHVXOWV DQG ZULWH ILQDO UHSRUW 50 GD\V 22/12/21 23/2/28
2.5.6 完成亩目终期报告 CRPSOHWH WKH ILQDO SURMHFW UHSRUW 0 GD\V 23/2/28 23/2/28
3 成像型强子䟿能器技术傼证 THFKQLFDO YHULILFDWLRQ RI LPDJLQJ KDGURQV 1304 GD\V 18/5/1 23/4/28
3.1 䟿能器原型机物理设计 PK\VLFDO GHVLJQ RI WKH SURWRW\SH RI WKH 

TXDQWL]HU
610 GD\V 18/5/1 20/8/31

3.1.1 䟿能器关䭞参数的䘹取和优化 SHOHFWLRQ DQG RSWLPL]DWLRQ RI NH\ 
SDUDPHWHUV RI WKH TXDQWL]HU

261 GD\V 18/5/1 19/4/30

3.1.2 䟿能器性能模拟研究 PHUIRUPDQFH VLPXODWLRQ VWXG\ RI WKH 
TXDQWL]HU

349 GD\V 19/5/1 20/8/31

3.2 灵敏探测器的研制 DHYHORSPHQW RI VHQVLWLYH GHWHFWRUV 719 GD\V 18/5/1 21/1/29
3.2.1 原材料、器件䟷购 SXUFKDVH RI UDZ PDWHULDOV DQG GHYLFHV 239 GD\V 18/5/1 19/3/29
3.2.2 灵敏单元结构的设计和优化 DHVLJQ DQG RSWLPL]DWLRQ RI VHQVLWLYH 

HOHPHQW VWUXFWXUH
239 GD\V 18/5/1 19/3/29

3.2.3 䰚烁单元生产工艺的研究  RHVHDUFK RQ WKH SURGXFWLRQ WHFKQRORJ\ RI 
VFLQWLOODWLRQ XQLW

393 GD\V 19/4/1 20/9/30

3.2.4 䰚烁单元批䟿生产  BDWFK SURGXFWLRQ RI VFLQWLOODWLRQ XQLW 66 GD\V 20/10/1 20/12/31
3.2.5 䰚烁单元包装工艺的研究  RHVHDUFK RQ SDFNDJLQJ WHFKQRORJ\ RI 

VFLQWLOODWLRQ XQLW
436 GD\V 18/5/1 19/12/31

3.2.6 䰚烁单元批䟿包装  BDWFK SDFNDJLQJ RI VFLQWLOODWLRQ XQLW 66 GD\V 20/10/1 20/12/31
3.2.7 7䰚烁单元批䟿测试装置制作 MDQXIDFWXUH RI EDWFK WHVW GHYLFH RI 

VFLQWLOODWLRQ XQLW
589 GD\V 18/5/1 20/7/31

3.2.8 䰚烁单元批䟿测试  BDWFK WHVW RI IOLFNHU XQLW 44 GD\V 20/12/1 21/1/29
3.2.9 单层灵敏探测器工艺摸索  PURFHVV H[SORUDWLRQ RI VLQJOH-OD\HU VHQVLWLYH

GHWHFWRU
262 GD\V 19/12/2 20/12/1

3.3 读出电子学和数据获取系统  RHDGRXW HOHFWURQLFV DQG GDWD DFTXLVLWLRQ 
V\VWHP

959 GD\V 18/5/1 21/12/31

3.3.1 原材料、电子元器件的䟷购  PURFXUHPHQW RI UDZ PDWHULDOV DQG 
HOHFWURQLF FRPSRQHQWV

698 GD\V 18/5/1 20/12/31

3.3.2 前端读出板和数据接口板的设

计和开发

 DHVLJQ DQG GHYHORSPHQW RI IURQW-HQG 
UHDGRXW ERDUG DQG GDWD LQWHUIDFH ERDUG

719 GD\V 18/5/1 21/1/29

3.3.3 SPIROC芯片功能测试板开发  FXQFWLRQDO WHVW ERDUG GHYHORSPHQW RI 
SPIROC FKLS

370 GD\V 18/5/1 19/9/30

3.3.4 前端读出板和数据接口板的批

䟿制作与测试

 BDWFK SURGXFWLRQ DQG WHVWLQJ RI IURQW-HQG 
UHDGRXW ERDUG DQG GDWD LQWHUIDFH ERDUG

130 GD\V 21/2/1 21/7/30

3.3.5 测试用数据获取板的开发与制

作

 DHYHORSPHQW DQG SURGXFWLRQ RI WHVW GDWD 
DFTXLVLWLRQ ERDUG

436 GD\V 18/5/1 19/12/31

3.3.6 数据获取板的开发与制作  DHYHORSPHQW DQG SURGXFWLRQ RI GDWD 
DFTXLVLWLRQ ERDUG

415 GD\V 20/6/1 21/12/31

3.4 SLPM性能监测和刻度系统的
研究

 SLPM SHUIRUPDQFH PRQLWRULQJ DQG 
FDOLEUDWLRQ V\VWHP UHVHDUFK

479 GD\V 19/5/1 21/3/1

3.4.1 基于 的监测系统的开发LED  DHYHORSPHQW RI LED-EDVHG PRQLWRULQJ 
V\VWHP

479 GD\V 19/5/1 21/3/1

3.4.2 基于光纤的监测刻度系统的研

究

UHVHDUFK RQ PRQLWRULQJ VFDOH V\VWHP EDVHG 
RQ RSWLFDO ILEHU

479 GD\V 19/5/1 21/3/1

3.5 机械设计和制作  MHFKDQLFDO GHVLJQ DQG SURGXFWLRQ 827 GD\V 18/11/1 21/12/31
3.5.1 探测器灵敏层结构 SWUXFWXUH RI GHWHFWRU VHQVLWLYH OD\HU 566 GD\V 18/11/1 20/12/31
3.5.2 原型机吸收体和支撑结构  AEVRUEHU DQG VXSSRUW VWUXFWXUH RI WKH 

SURWRW\SH
501 GD\V 19/5/1 21/3/31

3.5.3 束流测试平台  BHDP WHVW SODWIRUP 436 GD\V 20/5/1 21/12/31
3.5.4 宇宙线测试平台  CRVPLF UD\ WHVW SODWIRUP 262 GD\V 20/11/2 21/11/2
3.6 䟿能器原型机系统䳶成  IQWHJUDWLRQ RI WKH SURWRW\SH V\VWHP RI WKH 

TXDQWL]HU
195 GD\V 21/8/2 22/4/29

3.6.1 探测器灵敏层的组装和测试  AVVHPEO\ DQG WHVWLQJ RI GHWHFWRU VHQVLWLYH 
OD\HU

111 GD\V 21/8/2 22/1/3

3.6.2 整体样机的䳶成  IQWHJUDWLRQ RI WKH RYHUDOO SURWRW\SH 84 GD\V 22/1/4 22/4/29
3.7 䟿能器原型机测试和性能研究  PURWRW\SH WHVWLQJ DQG SHUIRUPDQFH 

UHVHDUFK RI WKH TXDQWL]HU
325 GD\V 22/1/3 23/3/31

3.7.1 数据分析软件的开发和准备  DHYHORSPHQW DQG SUHSDUDWLRQ RI GDWD 
DQDO\VLV VRIWZDUH

174 GD\V 22/1/3 22/9/1

3.7.2 原型机宇宙线测试及质䟿检傼  CRVPLF UD\ WHVWLQJ DQG TXDOLW\ LQVSHFWLRQ RI 
WKH SURWRW\SH

88 GD\V 22/5/2 22/8/31

3.7.3 原型机束流测试前期准备和运

输

 PUHOLPLQDU\ SUHSDUDWLRQ DQG WUDQVSRUWDWLRQ 
RI SURWRW\SH EHDP WHVW

22 GD\V 22/9/1 22/9/30

3.7.4 原型机束流测试及样机运回  PURWRW\SH EHDP WHVW DQG SURWRW\SH WUDQVSRUW
EDFN

43 GD\V 22/10/3 22/11/30

3.7.5 测试数据分析及原型机性能研

究

 THVW GDWD DQDO\VLV DQG SURWRW\SH 
SHUIRUPDQFH UHVHDUFK

87 GD\V 22/12/1 23/3/31

3.8 亩目总结  PURMHFW VXPPDU\ 20 GD\V 23/4/3 23/4/28

KH\ WHFKQRORJ\ YHULILFDWLRQ RI DFFHOHUDWRU
CEPC KLJK SUHFLVLRQ DQG ORZ ILHOG GLSROH PDJQHW SURWRW\SH

MLQLDWXUH H[SHULPHQWDO SURWRW\SH
PK\VLFDO GHVLJQ

CRQVWUXFWLRQ PDFKLQHU\ GHVLJQ
PURFHVVLQJ DQG PDQXIDFWXULQJ

E[SHULPHQWDO YHULILFDWLRQ
PURWRW\SH LPSURYHPHQW DQG WHVWLQJ

FRUPDO PDJQHW SURWRW\SH
PK\VLFDO GHVLJQ

CRQVWUXFWLRQ PDFKLQHU\ GHVLJQ
PURFHVVLQJ DQG PDQXIDFWXULQJ

E[SHULPHQWDO VWXG\
LPSURYH WKH SURWRW\SH

E[SHULPHQWDO YHULILFDWLRQ
AFFHSWDQFH WHVWLQJ

VDFXXP V\VWHP
PUHOLPLQDU\ GHVLJQ RI YDFXXP ER[, RF VKLHOGHG EHOORZV DQG FRDWLQJ GHYLFH

EQJLQHHULQJ GHVLJQ, ELGGLQJ DQG VLJQLQJ RI WHFKQLFDO FRQWUDFWV

PURWRW\SH SURFHVVLQJ DQG PDQXIDFWXULQJ
AFFHSWDQFH RI YDFXXP ER[ DQG RF VKLHOGHG EHOORZV, FRDWLQJ H[SHULPHQW RQ LQQHU ZDOO RI YDFXXP ER[

CRDWLQJ VDPSOH WHVW, SXPSLQJ VSHHG WHVW
RHYLHZ DQG DFFHSWDQFH, GRFXPHQW ILOLQJ

EOHFWURVWDWLF VHSDUDWRU
CRPSOHWH WKH SDUDPHWHU FDOFXODWLRQ RI HOHFWURVWDWLF VHSDUDWRU

TKH EHDP LPSHGDQFH DQDO\VLV RI HOHFWURVWDWLF VHSDUDWRU LV FRPSOHWHG

CRPSOHWH WKH RYHUDOO VFKHPH GHVLJQ RI WKH HOHFWURVWDWLF VHSDUDWRU

CRPSOHWH WKH GHVLJQ RI LQVXODWLRQ VXSSRUW SDUWV, KLJK YROWDJH IHHG WKURXJK ZDOO SDUWV

CRPSOHWH WKH PHFKDQLFDO GHVLJQ DQG SURFHVVLQJ RI WKH NH\ FRPSRQHQWV RI WKH HOHFWURVWDWLF VHSDUDWRU

CRPSOHWH WKH DVVHPEO\ RI WKH HOHFWURVWDWLF VHSDUDWRU

BXLOG WHVW SODWIRUP IRU HOHFWURVWDWLF ILHOG SUHOLPLQDU\ KLJK YROWDJH VRSKLVWLFDWLRQ

CRPSOHWH WKH GHVLJQ DQG PDQXIDFWXUH RI KLJK RUGHU PRGH DEVRUEHU

OSWLPL]H WKH GHVLJQ RI FRROLQJ V\VWHP DQG KLJK RUGHU PRGH DEVRUEHU

CRPSOHWH HOHFWURVWDWLF VHSDUDWRU KLJK YROWDJH VRSKLVWLFDWLRQ DQG WHVWLQJ

3/1 FLQDO SURMHFW UHYLHZ
SWXG\ DQG DHVLJQ RI = HQHUJ\ UHJLRQ SRODUL]HG EHDP

AFFXUDWH HQHUJ\ PHDVXUHPHQW EDVHG RQ UHVRQDQFH GHSRODUL]DWLRQ

PDUDPHWHU VHOHFWLRQ RI SRODUL]HG WRUVLRQDO SHQGXOXP

A PRGH RI RSHUDWLRQ IRU DFFXUDWH HQHUJ\ PHDVXUHPHQW

EUURU DQDO\VLV IRU DFFXUDWH HQHUJ\ PHDVXUHPHQWV

PRODUL]HG EHDP FROOLVLRQV
GHQHUDWLRQ DQG UHWHQWLRQ RI SRODUL]HG EHDPV

IQMHFWRU GHVLJQ
BHDP SRODUL]DWLRQ LV VLPXODWHG QXPHULFDOO\

LRQJLWXGLQDOO\ SRODUL]HG EHDP FROOLVLRQV
SHOHFWLRQ DQG GHVLJQ RI VSLQ URWDWRU SDUDPHWHUV

DHVLJQ DQG RSWLPL]DWLRQ RI VWRUDJH ULQJ PDJQHWLF IRFXVLQJ VWUXFWXUH

PURMHFW VXPPDU\
:ULWH WKH SK\VLFDO GHVLJQ UHSRUW RI WKH SRODUL]HG EHDP RSHUDWLRQ

12/28 PHHU UHYLHZ DQG SURMHFW DFFHSWDQFH
KH\ WHFKQRORJ\ YHULILFDWLRQ RI VLOLFRQ WUDFN GHWHFWRU

MHFKDQLFDO VXSSRUW VWUXFWXUH
LD\RXW OSWLPL]DWLRQ

 PUHOLPLQDU\ GHVLJQ RI ODGGHU VXSSRUWLQJ VWUXFWXUH

 PUHOLPLQDU\ GHVLJQ RI GHWHFWRU VXSSRUWLQJ VWUXFWXUH

EQJLQHHULQJ SORW GHVLJQ RI VXSSRUWLQJ VWUXFWXUHV
 SURGXFWLRQ RI SURWRW\SH RI ODGGHU VXSSRUW 

 FLQDO GHVLJQ RI ODGGHU VXSSRUWLQJ VWUXFWXUH
 FLQDO GHVLJQ RI GHWHFWRU VXSSRUWLQJ VWUXFWXUH

MDQXIDFWXUH VXSSRUWLQJ VWUXFWXUH RI GHWHFWRU
11/26 CRPSOHWH WKH MDQXIDFWXUH RI DOO PHFKDQLFDO VXSSRUW VWUXFWXUHV

TKH VHQVRU
EOHFWURQLFV GHVLJQ LQ VHQVRU SL[HO, GHVLJQ RI DQWL - LUUDGLDWLRQ HOHPHQW

PHULSKHUDO GLJLWDO FLUFXLW, WULJJHU, FORFN DQG SRZHU VXSSO\ ODGGHU GHVLJQ, DQG FKLS DQWL-UDGLDWLRQ SHUIRUPDQFH VLPXODWLRQ

1VW MP:

2QG MP:

IQWHJUDWLRQ RI IXOO\ IXQFWLRQDO VPDOO DUHD FKLS GHVLJQ

3UG MP:

DHVLJQ ODUJH DUHD, IXOO IXQFWLRQ VHQVRU FKLS

FLUVW HQJLQHHULQJ EDWFK VLOLFRQ ZDIHU SURFHVVLQJ
RHDGRXW HOHFWURQL[ DQG GDWD DFTXLVLWLRQ V\VWHP

DHYHORSPHQW RI WKH IURQW HQG FLUFXLW ERDUG IRU WKH LQLWLDO MP: FKLS

DHYHORSPHQW RI GDWD DFTXLVLWLRQ V\VWHP IRU D VLQJOH VHQVRU FKLS

ODGGHU UHDGRXW HOHFWURQLF
DHYHORSPHQW RI GDWD DFTXLVLWLRQ V\VWHP IRU D VLQJOH GHWHFWRU ODGGHU

PURWRW\SH UHDGRXW HOHFWURQLF 
DHYHORSPHQW RI GDWD DFTXLVLWLRQ V\VWHP IRU WKH SURWRW\SH GHWHFWRU

TKH RYHUDOO GHVLJQ DQG DVVHPEO\ RI WKH SURWRW\SH 

DHYHORS WKH DVVHPEO\ SURFHVV RI GHWHFWRU ODGGHU

DHYHORS WKH DVVHPEO\ SURFHVV RI GHWHFWRU SURWRW\SH DQG GHYHORS WKH DXWRPDWLF DVVHPEO\ V\VWHP

GHWHFWRU ODGGHU WUDLO SURGXFWLRQ
AVVHPEOH DQG WHVW WKH ILUVW GHWHFWRU ODGGHU

AVVHPEOH DQG WHVW WKH UHVW RI GHWHFWRU ODGGHUV
AVVHPEOH DQG GHEXJ GHWHFWRU SURWRW\SH

5/31 CRPSOHWH WKH DVVHPEO\ DQG GHEXJJLQJ RI GHWHFWRU SURWRW\SH

THVW DQG GDWD DQDO\VLV
THVW 1VW MP: FKLS

THVW WKH VHFRQG MP: FKLS
THVW WKH WKLUG MP: FKLS

THVW HQJLQHHULQJ FKLS
BHDP WHVWLQJ DQG GDWD DQDO\VLV

GHYHORSPHQW RI WKH VLPXODLWRQ, UHFRQVWUXFWLRQ DQG DQDO\VLV VRIWZDUH

GHYHORSPHQW RI WKH VLPXODLWRQ VRIWZDUH
GHYHORSPHQW RI WKH UHFRQVWUXFWLRQ VRIWZDUH
GHYHORSPHQW RI WKH DQDO\VLV VRIWZDUH

BHDP WHVW H[SHULPHQW
TKH GDWD DQDO\VLV

PXEOLVK WHVW UHVXOWV DQG ZULWH ILQDO UHSRUW
2/28 CRPSOHWH WKH ILQDO SURMHFW UHSRUW

THFKQLFDO YHULILFDWLRQ RI LPDJLQJ KDGURQV
PK\VLFDO GHVLJQ RI WKH SURWRW\SH RI WKH TXDQWL]HU

SHOHFWLRQ DQG RSWLPL]DWLRQ RI NH\ SDUDPHWHUV RI WKH TXDQWL]HU

PHUIRUPDQFH VLPXODWLRQ VWXG\ RI WKH TXDQWL]HU

DHYHORSPHQW RI VHQVLWLYH GHWHFWRUV
SXUFKDVH RI UDZ PDWHULDOV DQG GHYLFHV
DHVLJQ DQG RSWLPL]DWLRQ RI VHQVLWLYH HOHPHQW VWUXFWXUH

 RHVHDUFK RQ WKH SURGXFWLRQ WHFKQRORJ\ RI VFLQWLOODWLRQ XQLW

 BDWFK SURGXFWLRQ RI VFLQWLOODWLRQ XQLW
 RHVHDUFK RQ SDFNDJLQJ WHFKQRORJ\ RI VFLQWLOODWLRQ XQLW

 BDWFK SDFNDJLQJ RI VFLQWLOODWLRQ XQLW
MDQXIDFWXUH RI EDWFK WHVW GHYLFH RI VFLQWLOODWLRQ XQLW

 BDWFK WHVW RI IOLFNHU XQLW
 PURFHVV H[SORUDWLRQ RI VLQJOH-OD\HU VHQVLWLYH GHWHFWRU

 RHDGRXW HOHFWURQLFV DQG GDWD DFTXLVLWLRQ V\VWHP

 PURFXUHPHQW RI UDZ PDWHULDOV DQG HOHFWURQLF FRPSRQHQWV

 DHVLJQ DQG GHYHORSPHQW RI IURQW-HQG UHDGRXW ERDUG DQG GDWD LQWHUIDFH ERDUG

 FXQFWLRQDO WHVW ERDUG GHYHORSPHQW RI SPIROC FKLS

 BDWFK SURGXFWLRQ DQG WHVWLQJ RI IURQW-HQG UHDGRXW ERDUG DQG GDWD LQWHUIDFH ERDUG

 DHYHORSPHQW DQG SURGXFWLRQ RI WHVW GDWD DFTXLVLWLRQ ERDUG

 DHYHORSPHQW DQG SURGXFWLRQ RI GDWD DFTXLVLWLRQ ERDUG

 SLPM SHUIRUPDQFH PRQLWRULQJ DQG FDOLEUDWLRQ V\VWHP UHVHDUFK

 DHYHORSPHQW RI LED-EDVHG PRQLWRULQJ V\VWHP

UHVHDUFK RQ PRQLWRULQJ VFDOH V\VWHP EDVHG RQ RSWLFDO ILEHU

 MHFKDQLFDO GHVLJQ DQG SURGXFWLRQ
SWUXFWXUH RI GHWHFWRU VHQVLWLYH OD\HU

 AEVRUEHU DQG VXSSRUW VWUXFWXUH RI WKH SURWRW\SH

 BHDP WHVW SODWIRUP
 CRVPLF UD\ WHVW SODWIRUP

 IQWHJUDWLRQ RI WKH SURWRW\SH V\VWHP RI WKH TXDQWL]HU

 AVVHPEO\ DQG WHVWLQJ RI GHWHFWRU VHQVLWLYH OD\HU

 IQWHJUDWLRQ RI WKH RYHUDOO SURWRW\SH
 PURWRW\SH WHVWLQJ DQG SHUIRUPDQFH UHVHDUFK RI WKH TXDQWL]HU

 DHYHORSPHQW DQG SUHSDUDWLRQ RI GDWD DQDO\VLV VRIWZDUH

 CRVPLF UD\ WHVWLQJ DQG TXDOLW\ LQVSHFWLRQ RI WKH SURWRW\SH

 PUHOLPLQDU\ SUHSDUDWLRQ DQG WUDQVSRUWDWLRQ RI SURWRW\SH EHDP WHVW

 PURWRW\SH EHDP WHVW DQG SURWRW\SH WUDQVSRUW EDFN

 THVW GDWD DQDO\VLV DQG SURWRW\SH SHUIRUPDQFH UHVHDUFK

 PURMHFW VXPPDU\

H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2 H1 H2
2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Task 1:
Accelerator

Task 2:
Vertex

Task 3:
Calorimeter

by end 2021, complete: 
        - dipole magnet prototype

      - vacuum tubes and RF bellows

by end 2022, complete: 
        - electrostatic separator

      - polarization studies

by end 2021, complete: 
        - first chip engineering run produced

      - manufacturing of detector support structure finished
    - single ladder DAQ ready

early 2022, complete: 
        - prototype

by end 2022, complete: 
        - prototype test beam

by end 2020, complete: 
        - batch production and wrapping of scintillator tiles

early 2022, complete: 
        - prototype

by end 2022, complete: 
        - prototype test beam

by end 2021, complete: 
        - batch production of front end electronics



Task 1: Accelerator Plan

26



Task 2: Vertex Detector Prototype Plan

27



Task 3: Calorimeter Prototype Plan

28

Batch production of 
scintillator tiles: 66 days

Batch testing of 
scintillator tiles: 44 days



Problems and Main Risks
• COVID-19 has significant impacted the calorimeter task schedule. Need to expedite tile 

production, wrapping and testing as much as possible. 

• Continuation of travel restrictions due to COVID-19 could impact tasks long term: 
• CEPC Beam Polarization design. Trying to implement video-based collaboration. 

• Longer timescale, beam testing of vertex and calorimeter prototypes 

• Calorimeter readout chip packaging not available anymore. Try to package chips in China. 

• Trade conflict with USA affected purchase of gantry for precision assembly of silicon vertex 

detector. Purchase of gantry from chinese vendor to be completed in next couple weeks. 

• Funding for 2nd engineering run of vertex chip not available, and schedule very tight. Trying 

to expedite first engineering run by skipping 3rd MPW. 

• Access to international test beam facility
29



Summary

• The project is progressing well towards completion 

• Accelerator and Vertex tasks meeting or exceeding midterm expectations 

• Calorimeter task needs to significantly accelerate production and wrapping of tiles 

• There is some impact due to COVID-19, but we expect to recover, unless travel 
restrictions remain for an additional 1-2 years.  

• Namely, delays on other international projects would have an impact on the 

availability of beam test time 

• Expenses of tasks 1 and 2 are not uniform and are expected to ramp up when 

actual prototypes are produced 

• Skipping 3rd chip MPW in task 2 can generate funds to help for a possible second 

engineering run, if needed. Otherwise, funding issues could be a problem later.
30



Agenda for meeting
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General Overview: Today

Detailed Discussions: Tomorrow



Extra Slides

32



“⼤科学装置前沿研究”重点专项2018年度项⽬申报指南 
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3. 新⼀代粒⼦加速器和探测器关键技术预研 

3.1 ⾼能环形正负电⼦对撞机关键技术验证

Research	content:	Prototype	Verification	of	Key	Technologies	and	High	Resolution	Detection	Technologies	for	Electron	
Positron	Colliders	

Assessment	indicators:	
Validation	of	key	technologies	for	high	energy	circular	electron	positron	accelerators.	
Complete	the	prototype	of	the	enhancer	alternating	two-pole	low-field	magnet.	The	magnetic	field	is	from	31-620	
Gs,	the	field	uniformity	is	5	x	10-4;	Complete	the	prototype	of	bending	vacuum	chamber	and	RF	shielded	bellows,	
the	total	leakage	rate	is	less	than	2	×	10-10	Torr	•	L/s;	Complete	the	prototype	of	electron	and	positron	beam	
electrostatic	separator,	the	maximum	working	field	strength	is	2MV/m,	field	uniformity	is	(1‰)	10×10	mm2;	
Complete	the	design	of	polarized	beam	collision	in	the	Z	energy	region,	beam	polarization	degree	is	larger	than	50%,	
life	time	is	larger	than	60	minutes;	Complete		the	prototype	of	polarization	beam	core	device,	spiral	superconducting	
undulator.	
		
Verification	of	High	Resolution	Detecting	Technology	on	High	Energy	Accelerator.	Complete	the	prototype	of	inner	
silicon	track	detector,	verify	the	main	design	indicators	through	beam	test,	spatial	resolution	is	3-5	microns	(um);	
Design	a	silicon	detector	with	1MRad	Total	ionization	dose;	Complete	the	original	prototype	of	high	granulated	
imaging	type	of	HCAL,	solving	the	key	issues	for	process	and	test.	Doing	beam	test	to	certify	the	main	design	
conclusion.



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

34



第三年（2020.5-2021.4）

• Task 1: 
• Smal prototype of magnet fully tested 

• Design of magnet complete 

• Processing of the vacuum tube, the coating experiment device and the shielding bellows are completed  

• Task 2:  
• Mechanical structure completed 

• Second ASIC MPW tested 

• ASIC design optimized and completed 

• Task 3:  
• Batch production of readout electronics, development of data acquisition system  

• Development of beam test platform and cosmic ray test platform 

35

Main Milestones

Outcome

• Annual report



第四年（2021.5-2022.4）

• Task 1: 
• Completed the formal prototype of the dipole magnet and measurement system 

• Prototypes of vacuum tube and RF bellows completed 

• High pressure experiment was carried out on the electrostatic separator  

• Task 2:  
• Silicon wafer processing of large area sensor submitted 

• Assembling and installing the prototype  

• Task 3:  
• Integrated calorimeter prototype.  

• Carry out the cosmic ray test of the prototype 
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Main Milestones

Outcome

• Annual report



第五年（2022.5-2023.4）

• Task 1: 
• Complete the performance test of dipole prototype 

• Complete tests of prototypes of vacuum tube, RF bellows and electrostatic separator 
• High pressure experiment was carried out on the electrostatic separator  

• Task 2:  
• Test beam and data analysis 

• Finish assembling of prototype  

• Task 3:  
• Test beam and data analysis 

• Finish assembling of prototype 

37

Main Milestones

Outcome
• Final report, paper and experimental equipment



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

• MOST Project Responsibility Expert 
• Zhao Hongwei (Institute of Modern Physics, CAS) 
• Wang Qiuliang (Institute of Electrical Engineering, CAS)  
• Xu HongJie (Shanghai Institute of Application Physics, CAS)  

• Expert Team (8 people) 
• Xu Nu (Institute of Modern Physics, CAS) 
• Tang Chuanxiang (Tsinghua University)  
• Lv Junguang (Institute of High Energy Physics, CAS)  
• Li Jin (Institute of High Energy Physics, CAS)  
• Gao Yuanning (Peking University)  
• Youjin Yuan (Institute of Modern Physics, CAS) 
• Hu Guo Chaoying (IN2P3-CNRS-University of Strasbourg, IPHC) 
• Zhentang Zhao (Shanghai Institute of Applied Physics, CAS)

39



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.
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5. 成果呈现形式及测试⽅法: 
Achievement Presentation and Assessment Methods
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Achievement Presentation and Assessment Methods
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一、亯ⴤⴤ标及㘹核指标、䇺⎁方式/方⌋ 

 

亩ⴞⴞ标、成果与㘳核指标㺘 

 

亯目目标 1 
成果名

称 

成果 

类型 

对应的䈴从

（任务）2 

考核指标 3 
考核方式（方

法）及䇺价手段
5 

指标 

名称 

立亯时已有

指标值/状

态 

中期指标值

/状态 4 

完成时指标

值/状态 

1. 开 展 
CEPC 增 强

器关䭞䇮备

儈㋮度低场

二极⻱䫱、弯

䖜ⵏオⴂ、

RF 屏 㭭 波

㓩㇑和ⵏオ

ⴂ内㺘䶒䭰

吸气剂㟌、儈

㜭正䍏⭥子

束䶉⭥分⿫

器Ⲵ⹄制；开

展 CEPC 在 
Z 㜭区极化

束流Ⲵ加䙏

儈㋮度

低场二

极⻱䫱 

□新理䇰 □新原理 

□新产品   □新技

术  □新方法  ■关

䭤䜞件 □数据库 □

䖥件 □应用䀙决方

案 □实僂㻻置/系统  

■工程工㢰  □标准  

□专利  ■䇰文  □

其他 

䈮仈 1：加

䙏器关䭞技

术Ⲵ⹄发和

傼䇱 

儈㋮度低

场二极⻱

䫱场强和

均匀性 

最低工作⻱

场 127Gs，
⻱场均匀度

5×10-4 

最低工作⻱

场 60Gs，⻱

场均匀度
5×10-4 

最低工作⻱

场 31Gs，⻱

场均匀度
5×10-4 

同㹼专家㓴现

场测䈅，测䈅报

告将写入儈㜭

环型正䍏⭥子

对撞机加䙏器

关䭞技术䇮䇑

和测䈅报告 

⹄制弯

䖜ⵏオ

ⴂ、RF
屏㭭波

㓩㇑和

ⵏオⴂ

内㺘䶒

□新理䇰 □新原理 

□新产品   □新技

术  □新方法  ■关

䭤䜞件 □数据库 □

䖥件 □应用䀙决方

案 □实僂㻻置/系统  

■工程工㢰  □标准  

䈮仈 1：加

䙏器关䭞技

术Ⲵ⹄发和

傼䇱 

ⵏオⴂ极

䲀ⵏオ 
5×10-10Torr 3×10-10Torr 2×10-10Torr 

同㹼专家㓴现

场测䈅，测䈅报

告将写入儈㜭

环型正䍏⭥子

对撞机加䙏器

关䭞技术䇮䇑

和测䈅报告 

ᒫ�ɰ ��ᶭو�

Assessment method and means of evaluation: 
Expert review in the visit to prototype
Test report will be included in "CEPC accelerator key technology design report and testing report”
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Achievement Presentation and Assessment Methods
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Assessment method and means of evaluation: 
Expert review in the visit to prototype
Test report will be included in "CEPC accelerator key technology design and test report”

器⢙⨶⹄ウ

与䇮䇑。 
2. ⹄制出⹵

径䘩探⍻器

原型机，并傼

䇱其オ䰤分

䗘⦷䗮到 3-5 
微㊣; 䇮䇑

出抗⭥⿫䗀

射总剂䟿䗮

到 1MRadⲴ
⹵探⍻器。 
3. 完成对䟷

⭘䰚⛱体作

为⚥敏层Ⲵ

成像型强子

䟿㜭器技术

方案Ⲵ傼䇱 

䭰吸≄

剂㟌 
□专利  ■䇰文  □

其他 

ⵏオⴂ总

┿⦷ 
5×10-10 

Torr•L/s 
3×10-10 

Torr•L/s 
2×10-10 

Torr•L/s 

同㹼专家㓴⧠

场⍻䈅，⍻䈅报

告将写入儈㜭

⧟型正䍏⭥子

对撞机加䙏器

关䭞技术䇮䇑

和⍻䈅报告 

RF屏㭭⌒

㓩㇑接䀖

力 
125r50g 125r30g 125r25g 

同㹼专家㓴⧠

场⍻䈅，⍻䈅报

告将写入儈㜭

⧟型正䍏⭥子

对撞机加䙏器

关䭞技术䇮䇑

和⍻䈅报告 

儈㜭正

䍏⭥子

束䶉⭥

分⿫器 

□新理䇰 □新原理 

□新产品   □新技

术  □新方法  □关

䭤䜞件 □数据库 □

䖥件 □应用䀙决方

案 ■实僂㻻㖤/系统  

■工程工㢰  □标准  

䈮仈 1：加

䙏器关䭞技

术Ⲵ⹄发和

傼䇱 

䶉⭥分⿫

器⭥场强

度 

1.8MV/m@
±60kV 工作

⭥压 

完成䶉⭥分

⿫器Ⲵ初步

䇮䇑，以实

⧠：
2MV/m@±1
10kV 工作

⭥压Ⲵ⭥场

强度㾱≲ 

2MV/m@±1
10kV 工作

⭥压 

同㹼专家㓴⧠

场⍻䈅，⍻䈅报

告将写入儈㜭

⧟型正䍏⭥子

对撞机加䙏器

关䭞技术䇮䇑

和⍻䈅报告 
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Achievement Presentation and Assessment Methods

44(1) Final report: ”CEPC accelerator key technology design and test report”

□专利  ■䇰文  □

其他 

䶉⭥分⿫

器⭥场均

匀性 
无 

完成䶉⭥分

⿫器初↕䇮

䇑，以实⧠ 
(�Å)�0î�0 
mm2Ⲵ场均

匀性 

(�Å)�0î�0 
mm2 

同㹼专家䇴䇞，

䶉⭥分⿫器䇮

䇑报告将写入

儈㜭⧟型↓䍏

⭥子对撞机加

䙏器关䭞技术

䇮䇑和⍻䈅报

告 

䶉⭥分⿫

器㞄体ⵏ

オ度 
6×10-10Torr 

完成䶉⭥分

⿫器初↕䇮

䇑，以实⧠
2×10-10Torr
Ⲵ㞄体ⵏオ

度㾱≲ 

2×10-10Torr 

同㹼专家㓴⧠

场⍻䈅，⍻䈅报

告将写入儈㜭

⧟型↓䍏⭥子

对撞机加䙏器

关䭞技术䇮䇑

和⍻䈅报告 

CEPC
在 Z 㜭

区ᶱ化

束⍱䘀

㹼时Ⲵ

整体⢙

⨶䇮䇑 

□新理䇰 □新原理 

□新产品   □新技

术  ■新方法  □关

䭤䜞件 □数据库 □

䖥件 □应用䀙决方

案 □实僂㻻㖤/系统  

□工程工㢰  □标准  

□专利  ■䇰文  □

其他 

䈮仈 1：加

䙏器关䭞技

术Ⲵ⹄发和

傼䇱 

在Z㜭区

ᶱ化束⍱

Ⲵ加䙏器

⢙⨶⹄ウ

与䇮䇑 

 

已有不含ᶱ

化插入件Ⲵ

lattice 䇮䇑 

明⺞ᶱ化插

入件Ⲵ基 
本参数䘹择

和㋮⺞㜭 
䟿⍻䟿Ⲵ工

作⁑式；⁑

拟⹄ウ束⍱

ᶱ化度大于

50%Ⲵ实⧠

ᶑ件 

 
束⍱ᶱ化度

大于 50%，

束⍱ 寿命

大于 60 分 

䫏 

同㹼专家䇴审，

束⍱ᶱ化⢙⨶

䇮䇑报告报告

将写入儈㜭⧟

型↓䍏⭥子对

撞机加䙏器关

䭞技术䇮䇑和

⍻䈅报告 
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Assessment method and 

means of evaluation: 

- Expert review in the visit to 
prototype
- Test report will be included 
in final report (1)

- Peer expert review
- Design report will be 
included in final report (1)
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⹄制出

⹵径䘩

探⍻器

原型机 

□新理䇰 □新原理 

□新产品   □新技

术  □新方法  □关

䭤䜞件 □数据库 □

䖥件 □应⭞䀙决方

案 ■实僂㻻㖤/㌱㔕  

□工ぁ工㢰  □标准  

□专利  ■䇰文  □

其他 

䈮仈 2：⹵

径䘩探⍻器

关䭞技术傼

䇱 

⹵径䘩探

⍻器原型

机Ⲵオ䰤

分䗘⦷ 

无 

⹄制出小型

传感器㣟

⡷，像㍐单

元尺寸小于

或ㅹ于 25
微㊣ ×25
微㊣。 

3-5 微㊣ 

同㹼专家䇴审。 
(䙊䗷ᶏ⍱实

傼，⿫㓯分᷀数

据㧧得オ䰤分

䗘⦷。䈕⍻䈅㔃

᷌写入原型机

䇮䇑与⍻䈅报

告，以供同㹼专

家䇴审) 
 

所䇮䇑Ⲵ

抗䗀➗⹵

传感器㜭

承受Ⲵ总

剂䟿 

无 

完成传感器

Ⲵ初↕䇮

䇑，䙊䗷仿

ⵏ初↕傼䇱

其抗䗀➗性

㜭 

1 MRad 

同㹼专家䇴审 
(提供传感器Ⲵ

䇮䇑与⍻䈅报

告供专家䇴审) 

⹄制出

儈仇㋂

度强子

䟿㜭器

原型机 

□新理䇰 □新原理  

□新产品  □新技术  

□新方法  □关䭤䜞

件 □数据库  □䖥

件 □应⭞䀙决方案    

■实僂㻻㖤/㌱㔕   

□临床指南/㿺㤹  

□工ぁ工㢰 □标准  

䈮仈 3：成

像型强子䟿

㜭器技术傼

䇱 

䟿㜭器㜭

䟿分䗘 无 

完成原型机

⢙⨶䇮䇑，

⁑拟得到原

型机㜭䟿分

䗘䗮到

60%/�(E/G
eV)�3%(10
GeV<E<80

GeV) 

60%/�(E/G
eV)�3%(10
GeV<E<80

GeV) 

利⭘儈㜭㋂子

ᶏ对原型机䘋

㹼⍻䈅，⿫㓯分

᷀⍻䈅数据㧧

得性㜭指ḷ。同

㹼专家䇴审⍻

䈅报告。 
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Assessment method and 
means of evaluation: 

- Peer expert review
- Beam test and offline 
analysis; report to be 
included in final report (2)

- Peer expert review
- Provide sensor design and 
test report for expert 
evaluation

(2) Final report: ”CEPC Detectors Test Report”
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⹄制出

⹵径䘩

探⍻器

原型机 

□新理䇰 □新原理 

□新产品   □新技

术  □新方法  □关

䭤䜞件 □数据库 □

䖥件 □应⭞䀙决方

案 ■实僂㻻㖤/㌱㔕  

□工ぁ工㢰  □标准  

□专利  ■䇰文  □

其他 

䈮仈 2：⹵

径䘩探⍻器

关䭞技术傼

䇱 

⹵径䘩探

⍻器原型

机Ⲵオ䰤

分䗘⦷ 

无 

⹄制出小型

传感器㣟

⡷，像㍐单

元尺寸小于

或ㅹ于 25
微㊣ ×25
微㊣。 

3-5 微㊣ 

同㹼专家䇴审。 
(䙊䗷ᶏ⍱实

傼，⿫㓯分᷀数

据㧧得オ䰤分

䗘⦷。䈕⍻䈅㔃

᷌写入原型机

䇮䇑与⍻䈅报

告，以供同㹼专

家䇴审) 
 

所䇮䇑Ⲵ

抗䗀➗⹵

传感器㜭

承受Ⲵ总

剂䟿 

无 

完成传感器

Ⲵ初↕䇮

䇑，䙊䗷仿

ⵏ初↕傼䇱

其抗䗀➗性

㜭 

1 MRad 

同㹼专家䇴审 
(提供传感器Ⲵ

䇮䇑与⍻䈅报

告供专家䇴审) 

⹄制出

儈仇㋂

度强子

䟿㜭器

原型机 

□新理䇰 □新原理  

□新产品  □新技术  

□新方法  □关䭤䜞

件 □数据库  □䖥

件 □应⭞䀙决方案    

■实僂㻻㖤/㌱㔕   

□临床指南/㿺㤹  

□工ぁ工㢰 □标准  

䈮仈 3：成

像型强子䟿

㜭器技术傼

䇱 

䟿㜭器㜭

䟿分䗘 无 

完成原型机

⢙⨶䇮䇑，

⁑拟得到原

型机㜭䟿分

䗘䗮到

60%/�(E/G
eV)�3%(10
GeV<E<80

GeV) 

60%/�(E/G
eV)�3%(10
GeV<E<80

GeV) 

利⭘儈㜭㋂子

ᶏ对原型机䘋

㹼⍻䈅，⿫㓯分

᷀⍻䈅数据㧧

得性㜭指ḷ。同

㹼专家䇴审⍻

䈅报告。 
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* Final report: ”CEPC Detectors Test Report”

Assessment method and 
means of evaluation: 

- Peer expert review
- Beam test and offline 
analysis; report to be 
included in final report (2)

- Peer expert review
- Beam test and offline 
analysis; report to be 
included in final report (2)

■论文   □发明专

利   □其他 

䟿㜭器㜭

䟿线性 无 

完成原型机

物理䇮䇑，

模拟得到原

型机㜭䟿线

性䗮到
3%(10GeV
<E<80GeV) 

3%(10GeV
<E<80GeV) 

利用儈㜭粒子

束对原型机䘋

㹼测䈅，离线分

析测䈅数据㧧

得性㜭指标。同

㹼专家䇴审测

䈅报告。 

科技报告考

核指标 

序号 报告类型 6 数量 提交时间 公开类别及时䲆 7 

1 亩目年度技术䘋展报告 1 2019年 6月 公开 

2 亩目中期技术䘋展报告 1 中期检查前 公开 

3 亩目年度技术䘋展报告 1 2021年 6月 公开 

4 亩目年度技术䘋展报告 1 2022年 6月 公开 

5 亩目最终技术䘋展报告 1 结仈傼收前 公开 

6 儈㜭环形对撞机探测器䇮䇑报告 1 2021年 4月 公开 

7 儈㜭环形对撞机探测器测䈅报告 1 2023年 4月 公开 

8 儈㜭环型正䍏电子对撞机加䙏器关

䭞技术䇮䇑和测䈅报告 
1 2023年 4月 公开 
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Project Organization Issues: Communication Issues
• Meetings: 
• Schedule monthly short videoconference meetings on the global project 
• Weekly or biweekly video conference meetings on various research topics 

• (e.g. international meeting on ASIC design every monday) 
• Satellite Meetings with CEPC International Workshops (e.g. Hong Kong, Oxford, ….) 
• Next Annual Meeting (with reviewers) in November — suggest immediately after CEPC 

workshop — Options: Nov 23-24 (weekend) or Nov 25-26 (M-T) 

• Documentation archiving: 
• Indico: Meetings and minutes 

• DocDB: Internal reports and technical reports archiving  

• Need new project webpage 

• Project management: 
• Common gantt software 47



Task 1: Beam Polarization at Z-pole

• To address the great challenges in polarized e+ source, propose to convert the 

e+ damping ring into a e+ polarizing ring, by introducing asymmetric wigglers 

to boost self-polarization build-up down to ~20 second, this novel idea looks 

promising to facilitate polarized e+/e- colliding beams 

48

RF cavity

RF cavity

Wigglers

Wigglers

Injection

Extraction

To maintain beam polarization during acceleration in the booster, 
we found that at least one Siberian snake is required, an idea of 
using fixed field solenoids as a partial snake is being investigated.


