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(ES o EFMIEZEIZ: Task Arrangement and Main Research

Task pESN ITeader Research Content Funds
Institute

Prototypes: low-field dipole magnet, vacuum

Task 1: Yunlong Chi pipe, RF shield bellows, HE separator. 9747

Accelerator IHEP Beam polarization study
Task 2: 3 imar3
- e Prototype: silicon tracker with high-resolution
Silicon Costa o . 12007
IHEP sensor, radiation resistant
Detector
Task 3: : I Prototype: imaging hadron calorimeter with
. Jianbel Liu N - .
Hadronic USTC scintillator + silicon photomultiplier tube 971 /A
Calorimeter (SiPM)

Total funding: 3145 A



Agenda for the review

Today: Detector Tasks

CRLYYYM — 9:10 AM  Leader welcome speech 3B B (i TS ET ULV — 525 PM  Task2 iRRA—: GER5EENER X BRI Tas k 2 : Ve rtex Dete Cto r

. . . 3 YHEF) =2 AN SEERONI R E= T &=
PRLYTH - 9:40 AM  Overview of project TiiE 4550 3R @ papers and confere... @ Task2 self-assess... @ RAA2-ER T AW @ IR BN ERS...

Speaker: Joao Guimaraes da Costa
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m' Lab visit STFHAILIRE

Overview iR _EBMACHR (20'+5)
Speaker: 2213 LIANG Zhijun

LRGNV Overview iR =E{CIR (20'+5)

. O Sensor chip design and testing f£/&23.8 /it 5l (20'+5)
Speaker: Jianbei Liu

Speaker: Ying ZHANG

10:00 AM Group photo and Coffee break &5+ &}
Structure and assembly of detector prototype #RMZZHFALIEM S HIK (20°+5')

. - Speaker: Jinyu Fu
Highlight of HCAL R&D EFESBRHAARTR (20'+5")

Speaker: Yunlong Zhang Coffee break
Analysis of beam test result RiEMLK EHE 2 17 (20'+5")
Speaker: Hif 4 Analysis of beam test result FRifiilli® (20'+5")

Speaker: Shugi Li
AHCAL Calibration .. D a

Discussion (Project group only)
Discussion (Project group only)

Main building A511
Main building A511

D- . R fr I ‘\I n \\ A E T“"—Hzn
Discussion (Refrees only) I ERHiTIL5 R ETHER iscussion (Refrees only) iFZEAERITIESHRETHER
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Agenda for the review

Tomorrow

UV — 12:30 PM - Task1 iR@l—: SEEMAZIE T2 BB FIFIEHLANERZ X EHARILIE

paperlist-acc.pdf |W) taskl-self-assessm.. [w) FHERER Grou.. (W) REI-ERMAIL..

9:00 AM Brief overview

Speaker: Joao Guimaraes da Costa

Sub-task 1: CEPC Booster Dipole Magnet Prototype (20'+5)
FiRA1: CEPCHIEE ZRELERRELIAN,
Speaker: X &

Sub-task 2: Prototype of CEPC vacuum system (20'+5’)
FiRd2: CEPCEZALXBIRFHEMN
Speaker: Haiyi ;8 X

Coffee break

Sub-task3: Electron positron electronic separator (20°+5’)
FIRRA3: IETA B FREFE D EEIFA
Speaker: i f&

Sub-task 4: CEPC polirization study at Z-pole (20'+5)
FiRRA4: CEPCZEERRARMAIINERMEBRAR S 81T
Speaker: Zhe DUAN

Discussion (Project group only)

Main building A511

Discussion (Refrees only) IFZAEITIESIREITHER
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CEPC action plan since CDR — Context of this MOST project

Since 2019
Public release: November 2018 Cement project with
: ' R&D towards:
. (1) Accelerator TDR, planned
e : . for 2023 — just started :
CK CEPC review

Conceptual Design Report
» YEEL Conceptual Design Report

Volume | - Accelerator

. (2) Detector technologies
development and

Volume Il - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545 establishment of seeds for E
, , , International
First for a circular e*e- Higgs factory Collaborations :
August 2018 October 2018 E E Idenﬁfy Chdllenges qnd E

5 : devise solutions :

Download from: hitp://cepc.ihep.ac.cn/


https://arxiv.org/abs/1809.00285
https://arxiv.org/abs/1811.10545

Circular Electron Position Collider (CEPC) - TDR Layout

CEPC as a Higgs Factory: H, W, Z, upgradable to tt-bar, followed by a SppC ~125TeV
30MW SR power per beam (upgradable to 50MW)

IP

CEPC MDI

H/tt-bar - T
. Off-axis injection Oi*mls Injeciion E
e W and Z 400
O R W & Z Mode
- >f:]—>4><—:|< 2001t FTD
oé—‘" ‘::{
CEP C B S | Quadrupoles
-400 :_ Cryostat Shielding _:
I I R
Z[mm|
On-axis injection / 3 : _a \On-axis injection CE PC ClVll Englneerlng
Outside of the ring nside of the ring
. . CEPC booster ring (100km) A
CEPC collider ring (100km) _ T
Common tunnel for booster/collider & SppC =1
@
g o fD
: O
: A
|

. o _ - Low-field dipole magnets for booster
Critical aspects requiring prototyping: . Ejectrostatic separator

(this project) - Vacuum system




Circular Electron Position Collider (CEPC) - TDR Layout

IP
H/tt-bar

L N J
. H Mode
Outer Ring
Inner Ring W a n d Z
W & Z Mode

CEPC collider ring (100km)

CEPC as a Higgs Factory: H, W, Z, upgradable to tt-bar, followed by a SppC ~125TeV

30MW SR power per beam (upgradable to 50MW)

Off-axis injection

Off-axis injection

Positron Ring / \ Electron Ring

_ RF station

Injection energy 30GeV

On-axis injection /

CEPC booster ring (100km)

CEPC TDR S+C-band 30 GeV linac injector

ESBS: Electron source & bunching system
FAS: First accelerating section

EBTL: Electron bypass transport line
EBTL
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CEPC Civil Engineering

Outside of the ring Inside of the ring

102.94m 250.2m
= il
l: 350.6m

Common tunnel for booster/collider & SppC W <. }}E‘“
g i) o P
g S = : g q},ﬂ
= A
PSPAS: Positron source & pre-accelerating section |
SAS: Second accelerating section
TAS: Third accelerating section
DR: Damping ring
TAS .
" Operation mode ZH Z W+W- tt
oy ~240 | ~91.2 | 158-172 | ~360
I L/ 1P CDR(2018) | 3 32 10
1215m [x1034 cm2s1] | tpR(30MwW) | 5.0 | 115 16 05 |




CEPC Detector Concept Designs

CDR (Baseline Design) ——— IDEA concept
Magnet Particle Flow Approach 2T Magnet = ;*‘:‘ ———— (also proposed for FCC-ee)

(3T/2T) Yoke + Muon (RPC or u-RWELL B | ‘
\ | Preshower (M-RWELL)

\ \

\ Dual-readout calorimeter

/

(7

\ =
LumiCal

Drift chamber
PFA HCAL N

p=
Am—

Silicon wrapper \ M”" %\
\\-—f-—

Yoke + Muon (u-RWELL)

PFA ECAL Si Pixel Vertex

Si Pixel Vertex New RUGEEKe Y,

SIT TPC SET | \ B s PFA HCAL
b Elb \ > ) Partially Yoke

Magnet (3T/2T)

FST concept _ o AR PID (DC+ToF)
(Full Silicon Tracker) o— | |

“ V Silicon Tracker Crystal ECAL
CDR (Transverse bar)




Calorimeter options _PFA Calorimeter |

L

Chinese institutions have been
focusing on Particle Flow calorimeters

R&D supported by MOST, NSFC
and IHEP seed funding

R e e E
75 \: : :; 1 .:. o ;xh'@‘ P
:
b
» »
tal al | digital |
analog! digita analog qgita

Silicon | |Scintillator | MAPS 13c.m.||ator e Mlcro

megas

~ ECAL with Silicon and Tungsn (LR, rane) |

| Fleciromagneic ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC) <« =
O &
~ ®°\>\° : SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France)
, 0«0 Hadronic SDHCAL with ThNGEM/GEM and Stainless Steel (IHEP + UCAS + USTC)
HCAL W|th Scmtlllator+S|PM and Stamless Steel (IHEP + USTC + SJTU) """""""""""

. - \
o ngﬁ:' deinal Crystal Calorimeter (LYSO:Ce + PbWO)
granularity Dual readout calorimeters (INFN, Italy + lowa, USA) — RD52

G 46)




Testing of full size prototypes allow us to face challenges that are otherwise not
visible:

Knowledge acquire in these projects can be put to use to construct the final accelerator
or detectors, either using the same technology or similar technologies

All prototypes in this project are at least being build in China for the first fime, some are
worldwide goals

11



Task 1: Accelerator



Task 1: Low-field dipole magnet for CEPC Booster

When the beam injectionis at 10 GeV, the CEPC Booster requires dipole magnets with a
minimum field of only 31 Gs, and extremely small field error (uniformity 5x10-4)

There would be about 16000 of such dipoles, 4.7m long, to cover the 100 km

—

Two subscale prototypes were built Iron-core dipole magnet
didn’t satisfy requirements

World
leading

Cosine-Theta (CT) coil iron-core dipole magnet

Built full-size CT coil magnet

13



Task 1: Low-field dipole magnet prototype for CEPC Booster

Full-scale prototype CT coil dipole magnet
After some adjustments it can reach the requirements

14



Subtask Indicator Requirement Result Conclusion

High precision low-field Lowest field <31 Gs 28.5 GS Surpassed World

dipole maqgnet prototype leadin
> J > 5 Field uniformity <5x104 3x10-4 Surpassed g

9.00E-05
0.00E+00
-3.00E-05
-1.00E-04
-1.50E-04
-2.00E-04

-2.50E-04

-3.00E-04

-3.50E-04
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Task 1: Vacuum system and RF shielding bellows prototypes

Prototype 6-m log vacuum chambers for beampipe
Develop technique for NEG coating of the inside of the beampipe (using sputtering technique)

Coating done in sections for 6-m vacuum tube
ultimately achieved good enough uniformity

7 patents developed for this work

16



Subtask Indicator Requirement Result Conclusion
High precision low-field Lowest field <31 Gs 28.5 Gs J Surpassed
dipole magnet prototype
> J > 5 Field uniformity <5x104 3x10-4 J Surpassed
1.08 - 0.99 J
10
Vacuum degree < 2x10-10 Torr «10-10 Torr Surpassed

Vacuum pipe and RF
shielding bellow
prototype

Vacuum leakage

RF shield bellows contact force

< 2x1010 Torr.L/s  1x10-10 Torr./se & Surpassed

125+25 g/finger 123-135 g/fingeV Achieved

World
leading

First in
China
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Task 1: Elecirostatic separator prototype

The Electro-Magnetic Separator is a device consisting of perpendicular electric and magnetic fields.
One set of Electro-Magnetic Separators includes 8 units, total 32 units will be need for CEPC

Schematic of Electrostatic-Magnetic Separator

support

High voltage
feedthrough

18



Subtask Indicator Requirement Result Conclusion
High precision low-field Lowest field <31 Gs 28.5 Gs - Surpassed
dipole magnet prototype
> J > S Field uniformity <5x104 3x10-4 7 Surpassed
1.08 - 0.99

Vacuum pipe and RF
shielding bellow
prototype

Vacuum degree

Vacuum leakage

RF shield bellows contact force

< 2x10-10 Torr
< 2x10-10 Torr.L/s

125+25 g/finger

1x10-10 Torr.L/s

123-135 g/finges 4

«10-10 Torr & Surpassed

urpassed

Achieved

High energy electrostatic
separator prototype

Electric field

Field uniformity

Vacuum

>2 MV/m @
+110 kV

(19%0)10x10 mm?  (0.5%0)46x30 mm? 4%

< 2.7/x108 Pa
(<2x10-19 Torr)

300MV/m@ 4

+116 kV

< 2.6x10% Pa

urpassed

Achieved

World
leading

First in
China

First in
China

19



Task 1: Design of polarization at Z-pole

Considering both vertical and longitudinal polarization

Vertical polarization in the arc Longitudinal polarization at IPs

— Beam energy calibration via the resonant — Beneficial to colliding beam physics

depolarization technique (RD) programs at Z, W and Higgs

— Essential for precision measurements of Z . . : :
P — Figure of merit: Luminosity * f( Pe+, Pe-)
and W properties

, o — ~50% or more longitudinal polarization is
— At least 5% ~ 10% vertical polarization, for

desired, for one beam, or both beams
both e+ and e- beams E (MeV)

44717 44718 44719
l e LR |

= [
=

E | e + o TP
\ _ |\\ |l

= T

=
a®

Cé L
A Y
S 05F Ay
L '
Vo

0 L '-|1
_ _‘I_

- I ‘ : |
0.48 0.482 0.484
Magnet frequency v - 101

L. Arnaudon, et al., Z. Phys. C 66, 45-62 (1995).

* FCC-ee (CERN) focuses on vertical polarization for beam energy calibration.
 Both aspects are being pursued at the CEPC.




Subtask Indicator Requirement Result Conclusion
High precision low-field -ouest el <51 Cs 28.3 & World
dipole magnet prototype leadin
> J > U Field uniformity <5x104 3x10-4 g
1.08-0.99 &
| Vacuum degree < 2x10-10 Torr «10-10 Torr W
Vacuum pipe and RF Eirct i
shielding bellow Vacuum leakage <2x10-10Torr.L/s  1x10-10 Torr.L/se 4 Surpassed 'rs_ I
China
prototype
RF shield bellows contact force  125+25 g/finger  123-135 g/fingeg 4" Achieved
Electric field >2 MV/im @ 39MVIm@ g urpassed
+110 kV 1eky W U
High energy electrostatic e uniformi B P — y First in
separator prototype ield uniformity (1%0)10x10 mm?2 (0.5%0)46x mm? #Surpasse China
< 2./x108 Pa a A
Vacuum (<2%10-10 Torm) < 2.6x108 Pa Achieved
Beam polarization > 50% Pavg > 70% Surpassed
. . : World
Polarization design leadin
Beam lifetime > 60 min >00min % Achieved 4 9

21



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 report and testing report”




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”




Achievement Presentation and Assessment Methods
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(1) Final report: "CEPC accelerator key technology design and test report”



Task 2: Vertex Detector Prototype



Task 2: Vertex Detector Prototype Research Goal .
Resolution

Produce a world class vertex detector prototype

' - : ATLAS/CMS d
- Spatial resolution 3~5 pym (pixel detector) (10_20u”p'g;a €

- Radiation hard (>1 MRad)

Alice upgrade
(5~10 pm)

This project (3~5 um
project (3~5 pm) World

leading

Key ingredient:

Full size sensor/ASIC
(2-4 cm?)

Major goal: develop the know-how in China
350-700 MRB to be such advanced detectors

26



Task 2: Vertex Detector Prototype Development

- Developed first full-size CMOS monolith imaging sensor in China, adequate for the
productlon of thls vertex detector and other silicon-based devices

T — ....-..._.......‘

Full size 1024x512 Pixel array, Chip Size: 15.9 x 25.7 mm?2
25x25um?2 pixel size allowing high spatial resolution

Process: Towerjazz 180nm
Fast Periphery digital readout , high-speed data interface

LR

h_deltaX

7300
0.2073

~4.78 um

51.29/28

umber of Event

- Resolution of <5 ym demonstrated with:

N
N
a
=)

0.004624
325.3+6.3

} roo
: sonstant

® I ase r teSts o n be n c h : ean  -0.2251+ 0.0636
E Sigma 3.98¢

3.982 + 0.046

| /% Standard
- test beam telescope . | f \ process

- test beam with full size CEPC vertex prototype bt B i

Distribution of residual X Distribution of residual X
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Task 2: Vertex Detector Prototype Development

- First in-depth full scale silicon vertex prototype developed in China allowing for the
studies of mechanical structures, low-mass materials, and cooling procedures

Full scale ladder

10 TaichuPix chips
= ®

FPGAD d
| adder readout system —

Vertex detector configuration for test beam

Three double sided ladders in two sets, for a total of 12 layers

Twice the layers that a particle would transverse in a real detector

28



Task 2: Vertex Detector Prototype Test Beam

Two test beam events at DESY, Germany:
- December 2022
- April 2023

Prototype connected with readout electronics
12 layers of sensors visible

—8.05 0.04 —0.03 -0.02 -0.01 0 0.01 .02 0.03 0.04_ 0.05 —8.05 70.04 —0.03 —0.02 -0.01 0 0.01 02 0.03 0.04[ r(‘)1]05

Y edic) [M

meas predict

residual(x __ -x_ . ,.) [mm] residual(y
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Requirement

3-0 Um
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Achievement Presentation and Assessment Methods

Assessment method and
means of evaluation:

\ [E4TEF .
(B L R SE
5, BETTEL
P& 315 75 (6] 7

AR MRS

REHNJEAH

Bt 5 A H

&, UEEAT &
K ILH)

- 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

[FIAT T K P
(FE PLAZ B HY
an SRR
T FHPEE)

(*) Final report: "CEPC Detectors Test Report”

Result Conclusion

L aser test:
X: 4.0 um: v: 4.1 uym

- Y - Achieved Wo.rld
Beam test: leading
X/y: 4.8 ym

First In

> 3 MRad Surpassed China



Task 3: Calorimeter Prototype



Task 3: HCAL Prototype Research Goals

Typical HCAL

. R&D of SiPM based HCAL prototype
. High energy resolution ( 60%VE/GeV®3% )

- High linearity (non-linearity <3%)

- Initial prototype design

- 0.5%0.5 m2, 35 layer (4A), 3x3cm?2 module
- SiPM and scintillator coupling

- Actual prototype built

- 0.72x0.72 m2 , 40 layer (4A), 4x4cm2 module
- number of total channels: 12,960

Automatic system
developed to cope

of channels

with the large number

32



Task 3: HCAL Prototype Testing

Three test beam campaigns at CERN: Oct 2022, April 2023 and May 2023
Pion event display Team at CERN

HCAL prototype
N 1~/ |

v 4%

- 3 —~ -
1‘* ,_“',L.T"’_/__

i

65 million events
collected in total

* Pi+ Resolution

Resolution

Linearity < 2% Resolution

30 40 50 60 70 80
primary E(GeV)
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Achievements and Assessment Methods
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(10 GeV < E < 80 GeV)

3%
(10 GeV < E < 80 GeV)

3%(10GeV
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Assessment method and
means of evaluation:

- Peer expert review

e =ciagLll - Beam test and offline
ERELEEE analysis; report to be

IR 5

A R RERL T
RS S B AL

cluded in final report (*)

v vdl - Peer expert review
iy e (IRt | - Beam test and offline
G|  analysis: report to be

17 L KPP

. oo ,
e ncluded in final report (*)
(*) Final report: "CEPC Detectors Test Report”

Result
(57.6%)/JE®2.3%

<2%

Conclusion
First In
Surpassed China
Surpassed First in

China
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International Collaboration

RS-

PR =) TRAA2 (e =)

Iﬁ?ﬂﬁBll\fé‘E%ﬁi 75 T oF [0 52 B R A 2 ' fﬁBﬁ%@?ﬁE?ﬁﬂﬁPlb “
{=[E|DESYSLIw = % [F] FI| 5 A 2 {=[E|DESYSLIw =

UME B E RS CALICE Col laboration »

{E[E|DESYSLIE = CERN

4

The pandemic made international collaboration much complicated, and prevented
collaboration with UK and US institutes within the vertex detector project



Academic Achievements

Accelerator Vertex Calorimeter Total
Patents 8 3 1 12
Papers 11 5 8 24
Proceedings 2 1 3
Conferences 16 18 28 62
PhD Students 6 8 4 18
Master Students 23 3 26

Postdocs 2 1 3



1\2&

- All indicators have been achieved in the project
- Several world-leading and china-first achievements were made

- Long-lasting knowledge was acquired that will help us progress further in the future

. Detalls will follow in the next talks
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Electrostatic Separator R&D

Introduction

m The Electro-Magnetic Separator 1s a device consisting of perpendicular electric and magnetic fields.

m  One set of Electro-Magnetic Separators including 8 units, total 32 units will be need for CEPC.

50m

.
24, 8mm
Electrostatic  2.0MV/m 46mmX 1lmm  5X10%
separator
Dipole 66.7Gauss  4m 46mmX 1lmm  5X10*

Metal-ceramic
support

High voltage

UHYV tank feedthrough

Coil Electrode

Structure drawing of Electrostatic-Magnetic Separator




Assessment Indicators of Science and Technology Report

5= Report type Nz RRHE] IR S AR
1 Annual technical progress report 1 2019 F 6 F Ny
2 Annual technical progress report 1 RERFUE R N
3 Annual technical progress report 1 2021 & 6 N
4 Annual technical progress report 1 2022 £ 6 F /N3
5 Annual technical progress report - final report 1 ] Ny
A igh Energy Circular Collider Detector Design 1 0001 %E 4 e
Report
7 Collider D;EC?OEQGTrgsyt Clg%lg?)gratr(task 2+3) 1 2023 5 4 23
q High Energy Circular Electron-Positron Collider Key 1 2003 E 4 I\

Technology Design and Test Report



Project management organization

Risks and Response Measures

There may be some risks in the implementation of this project, but they can be effectively
avoided by different kinds of methods:

- Intermediate small-scale prototypes
. Strengthening international communication/collaboration

Examples:

- Precision of accelerator dipole magnet can be explored and achieved by means of small prototype

- Technical limit of coating for bending vacuum box and Detector design errors can be effectively avoided
through international communication and learning from the experience of others

- Due to the installation accuracy of detector and the delay risk of calorimeter packaging process,
automatic control system and automatic packaging scheme can be used to ensure the accuracy and
progress.

- Chip embargo/submission rules: problem can be managed by integrating into international collaboration
(e.g. ATLAS)
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Project management organization - Initial Expert Team

MOST Project Responsibility Expert

- Zhao Hongwei (Institute of Modern Physics, CAS)

- Wang Qiuliang (Institute of Electrical Engineering, CAS)

- Xu HongdJie (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)
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