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Project overview — Background



The Large Hadron Collider (LHC) Physics Program
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

Energy (TeV) Luminosity (flo-")
Run 1 (2010-12) /-8 TeV ~ 26
Run 2 (2015-18) 13 TeV ~139

Run 3 (2022-26) 13.6 TeV ~370



The High-Luminosity-LHC Upgrade
Need 10x more data: ~300 fb-! to 3000-4000 fb-1

This project 2030
: Start data-taki
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This project relates to the corresponding detector upgrades



The High-Luminosity-LHC Challenges to Detectors
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per bunch crossing (pile-up events) ~ 200
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Data rates increased 5 to 7.5x nominal design rates

Current detectors cannot cope with such large rates, need:
Larger granularity
Faster trigger rates
New technologies (fast fiming)



The High-Luminosity-LHC Upgrade Delays

HL-LHC startup delayed by 1.5 years during this project

2029
Start data-taking

This project
timescale

HL- LHC

13.6 -14 TeV

. . HL-LHC
inner triplet i .
radiation limit installation

—
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HL upgrade
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2024-2028

2030
Start data-taking

This project
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Need to make same achievements but earlier relative to HL-LHC schedule :



Task arrangement and main research work



1555 A F 25 : Task Arrangement and Main Research

ATLAS
Upgrade

R

TREN 2

TR 3

TRl 2 F

High Granularity Timing

Detector

Inner Silicon Tracker

Muon

Detector

ANIRAA

ADIRAH

Total funding:

Leading Unit

Funds

(7T)

1135

600

2200 hot



ATLAS

EXPERIMENT

This Project: ATLAS Phase-2 Upgrade

—i2 searching for new physics with ATLAS detector

1R &1 IHEP-USTC-NJU-SDU
High Granularity Timing Detector (HGTD)

Upgraded Trigger and Data
Acquisition System
* Single Level Trigger with 1 MHz output

* Precision time reconstruction (30-50 ps) with
 ow-Gain Avalanche Diodes (LGAD)
mproved pile-up separation and bunch-by-bunch luminosity

* Improved 10 kHZ Event Farm

Electronics Upgrades

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

e 40 MHz continuous readout with
finer segmentation to trigger

Additional smaller upgrades
« Luminosity detectors (1% precision)

g « HL-ZDC (Heavy lon physics)
 Muon sMDT chambers

1REM3: USTC-SJTU

TR&A2: IHEP-THU-NJU
New Inner Tracking Detector (ITk)
* All silicon with at least 9 layers up to |n| = 4

New Muon Chambers

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

* Less material, finer segmentation reduced fake rate



Project Decomposition (15 H 415 45 fi#)

TREN2:
High time

resolution Inner Tracker Detector

ilicon 2.1: Silicon Strip Detector

2.2: Timing Pixel Detector

PERFRSEEMIEHRFR AT (IHEP)
AERZIEARNAKE (USTC)
TBEARZE (THU)
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R

1. High Granularity Timing Detector
Physics Requirements and Key Technologies

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

Collisions spread ~250 ps fime 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

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

Hard-scatter jet

Spurious
pile-up jet

Jet from
pile-up

Hard scatter

13



Rai2: Inner Silicon Tracker Upgrade
Physics Requirements and Key Technologies

Current Tracker * Detector Occupancy
‘ * TRT occupancy will reach 100%

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

 Bandwidth Saturation
 Current front-end electronics can not handle the new event rates

New full silicon tracker of large dimensions

larger solid angle

New Inner Tracker

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

14



PRhgi3: Muon Detector Upgrade
Physics Requirements and Key Technologies

To cope with the HL-LHC event rates
NEW highly performant muon chambers
are required for frigger

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

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 elecironics with
higher sensitivity and S/N ratio

15



Progress highlights from each task



High Granularity Timing Detector

DR ]

Research Content, Assessment Index (ZZ42454%, WIS HA)

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

.+ Assessment index (E#ZIgfr) :
« Sensor and detector module fime resolution reach 30-50 ps

Module .
ASIC+LGAD High Voltage supply

LGAD sensor Elecironics
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High Granularity Timing Detector (HGTD)

100%
90%
100%
44%
100%
33%
100%

Chinese team is making key contributions

LGAD Sensors (with 56% monetary international contribution)
ASIC testing

Module Flex electronics

Module and Detector Units assembly

Front-end electronics board (PEB)

Flex tails

High-Voltage system (with 84% monetary international contribution)

Software and performance

90% IHEP + 10% USTC
IHEP
IHEP
34% IHEP + 10% USTC
IHEP + NJU
SDU
IHEP + SDU
USTC + IHEP

18



w1 : High Granularity Timing Detector
Progress Highlights

Self-developed radiation-hard silicon sensor based on domestic foundry

« Our LGAD sensors are the most radiation resistant in the World
» CERN is purchasing 66% of IME LGADs — 90% IHEP-IME sensors + 10% USTC-IME sensors

IHEP-IME USTC-IME

y
-
v

Sensor pre-production has been completed

Sensor production for CERN purchased sensors started

main (Pilot batch: 400 good sensors already delivered)

sensor

Negotiating with IME for domestic/in-kind coniracts
to start production of the sensors for this project
(34% IHEP-IME; 10% USTC-IME)

QC
Test
structures

19



High Granularity Timing Detector (HGTD)

* Other key contributions:

* 50% ASIC probing to be done in China, pre-production started

* 50% hybridization, 1st batch of pre-production ALTIROC-A hybrid from IHEP/NCAP
* 100% module flex, pre-production started

* 34% module assembly, loaded two ALTIROC3 detector unit. Approved for pre-production MOdUlEHEX »

e

* 33% flex tails, prototypes done. Approved for pre-production

* 100% front-end electronics board, pre-production starting now

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

* 100% high-voltage electronic systems, prototyped HV supply, pre-production started R e -
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Contributing at CERN to assembly,
integration and installation




tRai2: Inner Silicon Tracker Upgrade
Research Content, Assessment Index (W55 N %, Z1%takn)

* Study radiation hard sensor and readout ASIC

2.1: Inner Tracker construction -« Produce strip detector module (1000 for China)
* Integrate silicon modules into tracker

Barrel System
Test at CERN

e TirAl - * Pixelated LGAD sensor R&D
2.2: Timing Pixel Detector R&D, Fast front-end electronics data buffering, readout, fransmission

Assessment index (EIEFR)

 Complete strip barrel detector with modules with 25 uym spacial resolution
* Timing Pixel detector R&D: Sensor and electronics with time resolution better than 100 ps 21



Rai2: Inner Silicon Tracker Upgrade

Progress Highlights

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

The project team plans to deliver 10% Strip barrel modules
(for this project 200 modules)
Two teams are working in parallel (IHEP and RAL, UK)

Key achievements:

IHEP site approved for production: 17 preseries hybrids + 7 modules
RAL contributions: 20 module prototypes + loading contributions

R&D on Timing Pixel Detector

New Pixelated AC LGAD sensor designhed and submitted for fabrication

Timing Pixel Readout electronics digital design done

L

Strip Module

= = el
— 29 3
% Ry [g m

- Strip Sensor




PRhgi3: Muon Detector Upgrade

Research Content, Assessment Index (W55 4 %, Z1%545)

- ATLAS NEW Barrel Inner layer RPC muon chambers contain: ~1400 m2 RPC singlets
and ~100k channels

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

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

Assessment index (E1ZIgtHxr)
- Parameters to be achieved by dall singlet layers (7% +5F7):
» Counting rate: >1 kHz/cm?2 (old operational RPC specifications: 300 Hz/cm?2)
» Time resolution: <1 ns (old operational RPC specifications: > 1 ns)
» Efficiency: >95%

23



PRhgi3: Muon Detector Upgrade
Progress Highlights

- All BIS panel production finished (~580 panels) in China
 Singlets assembly started at CERN

* Front-end electronics boards delayed but pre-
production of 500 boards started

 Restrictions on FE chips required moving singlet
assembly to MPP

* Plan: start assembly in September



Research team and talent training



Research Team (B4 A A )

Total number of team members: 21

HRFR Title
14
11 W 2
iy
/
1]
0 B @
EEZ Prof. BIlE 4% Associate Prof.  H14% Mid.
IS i Age
10
M i3
8 I W 2
[
S
3
0

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

Average age 42 years old

TRl ] :
FERN=ZREEEMIEIHR T (IHEP)

PEMZFIAKRE (USTC)
FARAZFE (NJU)
LLIZRKRZF (SDU)

IREN2 :
FEMNZESEEYVIEMRRFT (IHEP)
PERFRARARZE (USTC)
BEARFE (THU)

TREAS :

FEMZFIRAKRE (USTC)
LE@AsE (SJTU)

26



Research Team (H/F 5% 1P\ )

Total number of staff team members: 21 team members + 24 others = 45 people

Members listed in task book
 Task 1

* IHEP: Joao, Zhijun Liang, Jie Zhang, Mei Zhao, Lel
Fan, Jinyu Fu, Zhaoru Zhang

* USTC: Yanwen Liu
* SDU: Kun Hu, Yanwen Liu
* NJU: Ligang Xia
* Task 2
* [HEP: Xin Shi, Pellian Liu, Xiyuan Zhang, Weiguo Lu
* THU: Yibao Chen
* USTC: /he Cao
* Task 3
* USTC: Yongjie Sun, Dongshuo Du, Hao Liang
* SJTU: Jun Guo

Other contributors
 Task 1
* |[HEP: Yunyun Fan, Hideki Okawao

* USTC: Lailin Xu, Yusheng Wu, Yongjie Sun, Lel Zhao,
Jigjun Qin, Zhengguo Zhao

* NJU: Zhenwu Ge, Yimin Che, Liangliang Han, Lel Zhang,
Ming QI
* Task 2
* IHEP: Zijun Xu, Yinhong Zhang
* THU: Xin Chen

* USTC: Hongtao Yang, Jigjun QIn, Lel Zhao, Jiaming Li,
Kairen Chen

 Task 3

* USTC: Lailin Xu, Yanwen Liu, Yusheng Wu, Zhengguo
JAglele

* $JTU: Haijun Yang

27



Research Team (B4 A A )

Total number of active members: 21 + 24 + 7 + 35 = 87 people

Team
members Other Staffs Postdoc Students Talents:

14 13 * Yunyun Fan, IHEP, CAS “100

7 talents” project

* Francois Lagarde, USTC, Special
Professor

N
S

Graduated Postdocs (5):
* Tianya Wu, Nanchang University
* Bo Liu, Nankai University

Graduated PhD and Master (>10)

5
5
3
6
8
3
2
3
8
5

28
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HGTD Organization/Management Structure

Resources Coordinator
Ana Henriques

Until
March
2025

Institute Board
Frank Filthaut

(chair) \

/

HGTD PL
J. Guimaraes da Costa
Deputy PL
Sebastian Grinstein
Stefan Guindon

Schedule and Risk Manager
Zhaoru Zhang

8.1 8.2
Sensors Electronics

8.3 8.4
Luminosity, DAQ Modules and
Gregor Kramberger Frank Filthaut and Control Detector Units
Mei Zhao N. Seguin-Moreau Jonas Strandberg Sebastian Grinstein
Jie Zhang Mengqing Wu Zhijun Liang

’8.5, 8.6, 8.7”
Mechanics
Aboud Falou
Peter Teterin

’8.5, 8.6, 8.7”
Services, Assembly
Installation
Sergei Malyukov

Daniela Macina DAQ

8.8 8.8.4
Demonstrator
Stefan Guindon

Simulation
Performance
and Physics

Alexander Leopold

Yusheng Wu

Test beam
Djamel Boumediene
Stefano Manzoni

QC/QA 8.5.1 Alexander Leopold DAQ and
Dominik Dannheim 8.2.1 8.3.1 Production Planing Vessel 8.5.3, 8.5.4, 8.5.5 monitoring Simulation and
ASIC Luminosity and Logistics CO,, Water Testing Infrastructure detector description
Irradiations Ll e Luca Cadamuro 8.5.2 and N, plants Infrastructure
8.3.2 On-Detector Cooling Digitisation
Tenderin 8.2.2 DCS 8.4.1 8.5.6 Analvsi Hella Snoek
endering Peripheral Konstantin Gritsay Bare module 8.6.2. 8.7.1 Cables alysis
Electronics hybrldlzatlcn Tools Sergei Ma|yukov S T ]

Jie Zhang

8.2.3
HV System
Lei Fan

8.2.4
LV System
Olivier Duarte

8.2.3.2
HV Patch Panels
Ricardo Gongalo

Grounding
and Shielding
Laurent Royer

8.3.3
Interlocks
Helena Santos

8.34
DAQ

Monitoring
Song-Ming Wang

Timing calibration
and clock
Louis D’Eramo

8.4.2
Module Flex

Jie Zhang

8.4.3
Module Assemblies

8.4.4
Detector Units
Didier Lacour

8.4.5
Flex Cable Tails
Lucia Masetti

8.5.7
Fibers
Suen Hou

8.6.1, 8.6.3, 8.6.4
Detector assembly
Daniela Macina

8.7.2,8.7.3,8.7.4
Detector installation

8.7.5
Commissioning
Stefan Guidon

Cross cutting groups

performance




HGTD Organization/Management Structure

Institute Board Project Leader: Stefan Guindon Resource Coordinator: FI'O m
Chair: Frank Flithaut Deputy Project Leader: Zhijun Liang Laurent Serin
March

Schedule and Risk Manager:
HGTD management ( by Stefan Guindon) Zhaoru Zhang 2025

L2 Coordinators

8.2 Electronics

Jie Zhang 8.3: DAQ and Controls
\athalie Seguin-Moreau Jonas Strandberg
Frank Filthaut

8.4: Module
Assembly

8.4: Detector Unit
Loading and Testing

8.1: Sensors

8.1 Simulation

Gregor Kramberger
Mei Zhao

Performance
and Physics
Alexander Leopold
Yusheng Wu

Sensors
Gregor Kramberger
Mei Zhao

Lucia Masetti
Luca Cadamuro

Sebastian Grinstein
Zhijun Liang

QC/QA 8.5.1 Alexander Leopold DAQ and

Dominik Dannheim 8.2.1 8.3.1 Production Planing Vessel 8.5.3,8.5.4,8.5.5 monitoring Simulation and
ik IAI\s/IIck Luminosity Land I(.:o%istics CO,, Water Testing Infrastructure detector description
Irradiations ola fakovee tca Ladamuro 8.5.2 and N, plants Infrastructure
8.3.2 On-Detector Cooling Digitisation
Tonderin 8.2.2 DCS 8.4.1 nra Halla Snnal
endering Peripheral Konstantin Gritsay Bare module 8.6.2. 8.7.1 .
Electronics hybridization T L2 d L3 d '|' f | I—l E P }’“
ool an coordinators from where
Interlocks 8.4.2 |< -|- 1 -|-h H GT D m L
8.2.3 Helena Santos Module Flex e p I P e n eW I I I O n O g e e n
HV System Jie Zhang
Lei Fan .|. .|.
8.3.4 STrucCiure
DAQ 8.4.3
8.24 Module Assemblies f _|_ . _|_
et Added L3 Yunyun Fan for support units
Song-Ming Wang 8.4.4 Yunyun
Detector Units
8.2.3.2 o Didier Lacour Fan Detector instalintion
HV Patch Panels Tlmlng calibration
Ricardo Gongalo and °,|°°k
Louis D’Eramo 8.4.5 8.7.5
Flex Cable Tails Commissioning
Grounding Lucia Masetti Stefan Guidon

and Shielding
Laurent Royer




Chinese CORE contribution to
ATLAS Phase-Ill Detector Upgrade

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 ~5.2%

34



Achievements and implementation



%—4 (2023.12 - 2024.11)

Main Milestones
 Tasks 1:

- Develop full-scale LGAD ulirafast silicon sensors and detector modules

- Create prototypes of electronics peripheral circuit boards, flexible circuit boards, and high-voliage power
supplies

* Task 2:
+ Test silicon microstirip 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

Outcome

- Annual report, design report, test report, ATLAS review report

36



Papers and conference talks

Papers: 3 Talks: 35 + 10 = 45 talks

Pabers Domestic International Poster
P talks talks

25 8

1

1

Need to try to publish some results from Task 2 and Task 3

* Note: there are another 5 papers which didn't mention the project in ackownledgements
We are trying to contact journals to add it.

37



Funding current implementation
Total funds: 2200 5 o (48% received, 65% used)

Total
Budget

2200.0
1135.0
500.0

255.0

130.0
250.0
600.0
350.0

100.0

150.0
465.0

315.0
150.0

Funds for ATLAS CORE production items need
to be spent according to implementation of ATLAS project

Received

funds

1066.0

550.0
242.3

123.6

63.0
121.1
290.7
169.6

48.5

72.7
225.3

152.6
2.7

Total

Expense

691.0
332.6
172.2

29.5

57.6
73.2
217.9
135.3

16.4

66.1
140.5

74.2
66.3

Rate %

31.41%
29.30%
34.45%

11.58%

44.32%
29.28%
36.32%
38.67%

16.45%

44.09%
30.22%

23.55%
44 .22%

Task 1
1 Direct fee

1) Device fee

2) Business fee
3) Labor fee

Task 2
1 Direct fee

1) Device fee

2) Business fee
3) Labor fee

Task 3
1 Direct fee

1) Device fee

2) Business fee
3) Labor fee

Project

1 Direct fee
1) Device fee
2) Business fee

3) Labor fee

Budget Expense Rate
932 243.7 26.15%

70 1.5

734 132.1  17.99%
128 110.2 86.09%

Budget Expense Rate
475 149.5 31.48%

415 81.2 19.55%
60 68.4 113.93%

Budget Expense Rate
358 88.6 24.74%

328 74.4 22.69%
30 14.2 47.17%

Budget Expense Rate

1765 481.8 27.30%
70 1.5 2.10%
1477 287.6 19.48%

218 192.7 88.40%




Project schedule and planning



Project Schedule

LG - High Voltage Pow<ar Supply
High Electronics, flex ta''s High granularity
Granularity Module c1d Detector Unit Detector Assembly

and Commissioning

Timing
Detector LGAD sensor

%%;@125 Strip sensor, ASIC Inner track Global integration
151rp at RAL and CERN
tracker Module Assembly ( )
2.2 Timing Pixel sensors and elec fronics Pixel sensors and electronics Tastin
Pixel 1st round R&D 2nd round R&D J

Muon RPC Detector Assembly
and Commissioning

BRER3:
Muon RPC
Detector RPC detector fabricat on

Gas gap fabrication

- Electronics

%—f_ B

2024

Tl
;
I
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“auat~  Institute of High Energy Physics, Chinese Academy of Sciences |

International Integration in ATLAS

China is making significant contributions
to the ATLAS Upgrade project

Visit of ATLAS Management

ATLAS Spokesperson
qu 2024 ATLAS Resources Coordinator

ATLAS Upgrade Coordinator
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July 2024 HGTD Week
IHEP, Beijing e
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Visit of ATLAS Management

ATLAS Spokesperson
June 2024 ATLAS Upgrade Coordinator

HGTD Project Leader

HTTPS://INDICO.THEP.AC.CN/EVENT/21471/ KX



Timeline

» 2024.07.02 Project Kickoff Meeting (Beijing)
» 2024.12 Annual Technical Progress Report

» 2025.04.28 Progress Exchange Meeting (Nanjing)
» 2025.06.07 Progress Exchange Meeting (Beijing)
» 2025.12 Annual Technical Progress Report

» 2026.04 Mid-term Evaluation Preparation Meeting
» 2026.06 Mid-term Progress Report
» 2026.07 Mid-term Evaluation Meeting

» 2026.11 Progress Exchange Meeting (Beijing)

2027.05 Progress Exc

2027.

2027.

1 Progress Exc

nange Meet

nange Meet

[gle
[gle

2 Annual Technical Progress Report

2028.05 Progress Exchange Meeting

2028.09 Project Conclusion Preparation
Meeting

2028.11-12 Project Final Report
2028.11-12 Project Final Review Meeting
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%4 (2024.12 - 2025.11)

Main Milestones
 Tasks 1:

- Develop full-scale LGAD ulirafast silicon sensors and elecironic 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 first batch of silicon modules, develop time
pixel sensor, and verify circuit functionality

- Design RPC gas chamber at BIM/BIR position

* Fabricate and test 300 honeycomb readout boards

* Task 3:
* Produce 150 single-layer RPC detectors, test front-end electronics, and perform cosmic ray tests

Outcome

- Midterm report, design report, test report, ATLAS review report
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Risk Analysis (X% 43 #7)

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

- 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 (1~ & = 22 15 AU

}XLB’;W 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), collaborate internally to help each other achieve the project goals

}XLIK’jZ Delay of LHC Upgrade Project — the ATLAS upgrade is organized in a large international
W 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.

both risks have already materialized — working to mitigate impact
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Assessment indicators and methods

Indicator at the time ) o
Midterm indicator | Final assessment indicator
of project initiation

Small-area prototype||Official silicon
silicon sensors: sensors for ATLAS
better than 50 ps upgrade: 30-50 ps

inal detector module: Test reports, project peer
30-50 ps reviews.

Time resolution

Pre-production

Spatial resolution of Prototype module:
"~ lImodule:

silicon microstrip
track detectors

ull detector: Test reports, project peer

25 microns 25 microns reviews.

25 microns
Simulation verification and
laboratory testing, test

reports

Silicon pixel
detector time
resolution

Better than 10 ns

Better than 1 ns Better than 100 ps

In addition: ATLAS organizes peer-reviews, with external reviewers, at each step of each

upgrade project. Such reporis, will provide an additional basis for each task progress and
achievement assessment



Assessment indicators and methods

Assessment indicators Assessment methods

Indicator at the time , o , o
S Midterm indicator |} Final assessment indicator
of project initiation

Pre-production RPC mounted to ATLAS:
detector: >1 kHz/cm2
1 kHz/cm?2

and evaluation

methods

Experimental test or
acceptance by ATLAS

Prototype detector:
1 kHz/cm2

Counting rate

IF &} RPC Prototype:

Pre-production
Probing efficiency P
> 95%

RPC mounted to ATLAS:
detectors:

Experimental test or
acceptance by ATLAS

Muon Detector >95%

Prototype detector:

Pre-production

RPC installed into the ATLAS|Experimental test or
acceptance by ATLAS

detector:

Time Resolution 1ns

h Y

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
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Conclusions - #:i&

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

It is promoting Chinese industiry on frontier technologies driving development

- Task 1: All items approved, or just about to be approved, to start pre-production
- Sensor production already on-going
- Task 2: Production of modules starting at both IHEP+RAL sites
- Accumulated delays in the overall ITk project are expected to be overcome
- Task 3: Production and qualification of BIS readout panels (580 pieces) finished
Assembly of singlets moved to MPP

Need to keep a careful monitoring of the schedule due to HL-LHC delays but
currently the project is sfill feasible on time

i i A
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o —F (2025.12 - 2026.11)

Main Milestones
 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 fime 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

Outcome

- Annual report, test report, ATLAS review report
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B4 (2026.12 - 2027.11)

Main Milestones
 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 tfrack detector test at CERN, design and simulate
second version of fime pixel detector sensor and circuit

* Task 3:

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

Outcome

- Annual report, design report, test report, ATLAS review report
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BT (2027.12 - 2028.11)

Main Milestones
 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 frack 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

Outcome

- Final report, detector performance test report
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Guidance: “Frontier Research of Large Scientific Devices" Key Special 2023 Project

Application Guide
1. Particle Physics

1.3. ATLAS Detector upgrade (common key technology)

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, fransform 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 frack detector module, infegration and operation of frack detector system; development and
operation of resistance plate detector and related electronics; research and development and construction of high
granularity fime detector; research and development of a new generation of silicon pixel detector with time
iInNformartion.

Assessment index: The spatial resolution of the silicon micro strip track detector reaches 25 microns. Resistive chamber
detector: the counting rate is 1 kHz/cm?2, 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,
efc., and develop a high-tfime-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 fime resolution of less than 100 picoseconds.
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Assessment Indicators (3% $57) SATLAS
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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: 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

56



Project Leader (Jii H 7157 \)

0
7,

UNIVERSITY OF

MICHIGAN

% -
| 160 \':«
S

Joao Guimaraes da Costa

HER SRS EMERRATRR, BLEST

Engaged in track detector research and construction (drift chamlber, 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 ExR"F Ait¥l"SB/RX/MNEE K KERINE 5B

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, fEHFEREA, FIBERESFEITE SR E 0BT B X REARH LRI

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 (3817135 A )

Zhijun Liang (Task 1 leader) #2&E3 (BR& 1755 N)
- R R AR AR IE B b R AR B S

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

All hold management
positions within ATLAS

Xin Shi (Task 2 leader) #1Jik (BBI26 %) for the corresponding projects

- P ER G R Y FEM S R T R, AR

2022-now: ATLAS [Tk Strip Barrel UK/China Cluster Manager
2018-now: CERN RDS&0 (Radiation Detector R&D) IHEP Team leader
2015 — now: ATLAS Inner Tracker Phase-ll upgrade

2011 -2015: CMS Pixel Detector Phase-l upgrade

Yongjie Sun (Task 3 leader) #pEA (FRBI3HTFN)

- P ERFEROR R R AR

Since 2015: Muon RPC Phase-ll 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




Papers

1. ATLAS HGTD collaboration, HGTD DC/DC converter in low temperature and magnetic field operation,
Journal of Instrumentation, 19, C02006 (2024).

2. Zhenwu Ge et al, An FPGA-based front-end module emulator for the High Granularity Timing Detector,
2024 JINST 19 C03055

3. Low Gain Avalanche Detectors for the ATLAS High Granularity Timing Detector: Laboratory and test
beam campaigns, NIMA1063 (2024) 169237

4. ATLAS HGTD collaboration, An FPGA-based front-end module emulator for the High Granularity Timing
Detector, Journal of Instrumentation, 19, C03055 (2024).

5. ATLAS HGTD collaboration, Evaluation of the prototype Peripheral Electronics Board for the High
Granularity Timing Detector, Journal of Instrumentation, 19, C12012 (2024).

6. Z. Xu et al., MUX64, an analogue 64-to-1 multiplexer ASIC for the ATLAS high granularity timing detector,
Journal of Instrumentation, 18, C03012 (2023).

7. C. Wang et al., Radiation tolerance of the MUX64 for the High Granularity Timing Detector of ATLAS,
Journal of Instrumentation, 19, C03044 (2024).



Domestic conference talks

. Status of ATLAS HGTD Peripheral Electronics Board, The 8th China LHC Physics Workshop, Nanjing, Nov 2022, Parallel Session

The Prototype Design of PEB--a Component of the HGTD On-detector Electronics for the ATLAS Phase-Ill Upgrade, The 9th China LHC Physics Workshop,
Shanghai, Nov 2023, Parallel Session

ATLAS HGTD LRl REUERENASUERE N, £ ABF S ESRRNZEMIYS, 2025.4.17~20, A=
LGADSALTIROC: S R MLATIC: /R EIZRBE S fFrIIMEER, EhRFSAEHERNGEMITR, 2025.4.17~20, K&
ATLAS HGTD INEAUSTC-IMEFE Rz NRIAES £6EA R, EhBEFFMEHRNGEHITE, 2025.4.17~20, K&
LGADIELE R+, ERBEFFMEFIRNBHITSE, 2025F4H17-20H, o&hksE, AR

Construction and Upgrade of ALTIROC Chip Testing System, The 10th China LHC Physics Conference (CLHCP2024), Nov 13 —-17, 2024, 7Siks, BE
ZeEY), ATLASHEHBESSS, B/ ELHCY A, H13-18H, FHi&)

9. EXM¥, ATLASupgrade, ZF1+JE-FELHCYFEZW, HFHEPELHCYFEZ, 11A3-18H, HE

10. 2853y, =T R RN BT AR S K eiass,  SBIUs- 2 AREHRNES T2, SH2326H, Fi

11. 5K, ATLASHGID i f7idkfe, B0 m--Samaafilasiitit <, 5H2320H, Fi

12. SifiF, LGADIRMEIAe SRS, HEYBE A2l <5 T EeER TR <, 2024.8.14-18

13. 5KZ%, The Prototype of the Peripheral Electronics Board for ATLAS High Granularity Timing Detector, 251 JiF [ELHCYIFE S, 2B+ hELHCYFES, 11713-18H, HF5
14. #%F, Development of HGTD Module assembly and loading at IHEP, 28R ELHCY 2, B mTELHCYES, 11H13-18H, FiE

15. 2208 )%, Researchon HGTD module thermal cycle, ZH+ i ELHCYIE Y, i+ ELHCYE S, 11H13-18H, HE

16. )4z, Researches of radiation-resistant LGAD sensors for ATLAS High Granularity Timing Detector, 251 ELHCYIFESL, FHEPELHCYFS, 11 13-18H, FE
17. XM, Researches of imadiation-resistant LGAD detector for ATLASHGTD, 25—+ i B BRI A 2, THI5-17H, 5

18. M%F, ATLASTRIMES TR B TEERNZS (HGTDY H FH RSB A S, S8 =1 m e E i T A SRR 7R T2, THIS-1TH, B

N —
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Domestic conference talks

19.
20.
21.

22,
23.
24,
25.

20.
27 .
28.
29.
30.

31.
32.
33.

34.
395.

L5, ATLASTRIZS TR R s,  FEYEE e maeH <58 TR ER 3R, 8H12-18H, Fi
XM, Researches of iradiation-resistant LGAD detector for ATLASHGTD, S EYH 2o mEReB 25+ I me BN YRz R, 8H12-18H, H &)
IHZE%, Automatic module assembly and loading system development for ATLAS HGTD, H B S=ammeE 238 1V e E R 2R 21, 8H12-18

H, &8

=€, Readiness of the detector assembly at USTC for ATLASHGTD, ZEPU -S04 8 i HRllestiiiT 2, 2024.523-26
fFiE R, Pre-production of USTC-IME LGAD for ATLASHGTD, 2B VU 2 SRR S HRNIZE T2, 2024.523-26
L, Characterization of USTC-IME LGAD pre-production sensors for the HGTD, &5 1 /ELHCYIEE A1 2=, 2024.11.13-17

JE FEfi,  Development of data acquisition system for the HGTD,

B ELHCYIEER 2, 2024.11.13-17

Development of ATLAS ITk strip module £+ =

E|LHCYEBSIN £RF 2024.11.13-17

Radiation effects of ASICs for ATLAS ITk strip upgrade T /@R ELHCYIESIN BEF. FEIE 2024.11.13-17

ATLAS ITk Strip Sensor Irradiation at CSNS £+
Irradiation test of HCCStar ASICs in CSNS Topica

Irradiation test for BETSEE at CSNS for ATLAS IT

2024.9.30-10.4
ATLASTERFEIRMZZ A oA R B0 fEF SRz

EPELHCYIIESIN EHxRlE 2024.11.13-17

Workshop on Electronics for Particle Physics 2024 &2/l 2024.9.30-10.4

K strip upgrade Topical Workshop on Electronics for Particle Physics 2024 [t TJ[E

SHER kT E 2024.5.23-26

4H-SiC FUFIRMZSRIARE 71 M H 350 & =0

B+ SINRNZZH LA R sKE1E 2024.5.23-26

Mass production of RPC readout panels for ATLAS Phase-Il upgrade and R&D on thin gas gap production at USTC  FETPjaEE*

FNRFARSIN LR 2024.8.12-18

The thin RPC gas gap development for the ATLAS Phase-Il upgrade ETEPELHCIESIX TR 2024.11.13-16
The RPC assembly for the ATLAS Phase-ll upgrade £+ @HELHCH)IE =X Francois Lagarde 2024.11.13-17




International conference talks

1. HGTD Status Overview, ATLAS WEEK, Thessaloniki, Greece, Jun 2024, Plenary Session.

2. Tests of the Prototype Peripheral Electronics Board for the High Granularity Timing Detector, Topical Workshop on Electronics for Particle Physics
2024, Glasgow, Scotland, Sep 2024, Poster.

3. Low Gain Avalanche Detectors for the ATLAS High Granularity Timing Detector: laboratory and test beam campaigns, PSD2023, 2023.12.3~8, A&
4. SiC AC-LGAD Timing Pixel Detector 1st DRD3 week on Solid State Detectors R&D 5 fix 2024.06.17-21

5. Mass production of RPC readout panels for ATLAS Phase-Il upgrade and R&D on thin gas gap production at USTC  XVII international Conference
on Resistive Plate Chambers and Related Detectors (RPC2024) Dongshuo Du 2024.9.9-13

6. ZhijunLiang, Module assembly in HGTD, ATLAS week, 23 10H-14H, #i-t-HWE

7. #E1%, TheHigh-Granularity Timing Detector for ATLAS at HL-LHC, [EFMEEIRNZS I (Pixel2024) , 11H1822H, vEEHRH it

8. Jingbo Ye, Overview of the ATLAS High-Granularity Timing Detector: project status and result, FEFRAESHAN #8218 (HSTD2023) , 12H3-8H, I K EHE

9. ZhenwuGe, HGTD status overview, ATLAS Week, 20 June, 2024

10. Ymmmn Che, HGTD statusreport, ATLAS Upgrade Week, 14 November, 2024



Expected achievements and Innovations

oF A T X AL S G ) Ak ik e A EE ST ] R0 i

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

ATLAS P 308 £8 0 g 22 e N A AL £8 M 4 2 —
« ATLAS Inner Tracker will be one of the largest silicon-based tracking detector

» Research on the new fiming pixel detector has the potential to be used for the nexi
generation of the ATLAS pixel detector

I = > N » g 22 H- N S—
ATLAS ) 7= S BRRP CHR A2 L S 2% B IR R8T T
* 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

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



Social and economical benefits (7 #4555 1255 4:5)

* The high granularity fime 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, synchroiron 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, eic.

- Conductresearch 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
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Risk Analysis SATLAS

EXPERIMENT

 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
e 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
e Risk level: middle

 Mitigation plan: send people to US or CERN to continue the study. Investigate technology based on
China




