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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



Task final review: June 19-20

Monday, June 19

Tuesday, June 20

— 9:10 AM Leader welcome speech AP EE » 525 PM  Task?2 ﬁ@:: ﬁﬁ@ﬂ?@ﬂﬂ%ﬁ*@ﬁﬁgﬁﬂ - 12:30 PM  Task1 iR@—: MEEIFAZIE 0 BB FFHEHLINE 2Z X R ARIIE

» 9:40 AM Overview of project Il B 2453

Speaker: Joao Guimarae
— 1200 PM Task3 iRREE=: RL{RELEFREESRIARIIE
@ papers and confere... @] t

9:40 AM Overview iR = B{#;CIR (20'+5")

Speaker: Jianbei Liu

Group photc

Highlight of HCAL R&

Speaker: Yunlong Zh

Analysis of beam test result &R M8 247 (20'+5)

Speaker: Hif

B AHCAL Calibration

Discussion (Project group only)

Main building A511

Discussion (Refrees only) IFZEAIITIESREITHERL

@ papers and confere W] Task2 self-as

ml Lab visit SMHHAIZRE

Overview RRA_BKCIR (20+5)

Speaker: 213 Zhijun

Sensor chip design and testing {£&2% .0 FigiT5MHE (20'+5')
Speaker: Ying ZHANG

Structure and assembly of detector prototype RN AEW S5 AL (20'+5)
Speaker: Jinyu Fu

Analysis of beam test result 5t (20'+5")
Speaker: Shuqi Li

Discussion (Project group only)

Main building

All three tasks passed the review

E] paperlist-acc.pdf E task1-self-assessn

9:00 AM Brief overview
Speaker: Joao Guim

Sub-task 1: CEPC Booster Dipole Magnet Prototype (20'+5")
7iREI1: CEPCA IR — RS RE

Speaker: X /&

Sub-task 2: Prototype of CEPC vacuum system (20'+5’)

Speaker: Haiy

Sub-task3: Electron positron electronic separator (20°+5’)
SErzed]

Speaker: ¥i B5

Sub-task 4: CEPC polirization study at Z-pole (20°+5)

Speaker: Zhe

Discussion (Project group only)

Discussion (Refrees only) iIFZAMBITIESHRETHEERL




Task 1: Accelerator



Subtask Indicator Requirement Result Conclusion

Lowest field <31 Gs 28.5Gs 4/ Surpassed

leading

High precision low-field

dipole magnet prototype 4
> J > 5 Field uniformity <5x104 3x10-4 ¢ Surpassed

Very challenging magnet built and measurement done

| e l
~ 5.00E-05

0.00E+00

-3.00E-05

-1.00E-04

-1.50E-04

-2.00E-04

-2.50E-04

-3.00E-04

4.7 m long 3.50E-04
World Permanent magnets added at the end to
leading help keep the beam uniformity within the

MOST2 requirements



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




Subtask

High precision low-field
dipole magnet prototype

Indicator

Lowest field

Field uniformity

Requirement
<31 Gs

<5x104

Result Conclusion

28.5 Gs J Surpassed World
leading
3x10-4 J Surpassed

Vacuum pipe and RF
shielding bellow
prototype

Vacuum degree

Vacuum leakage

< 2x10-10 Torr

< 2x10-10 Torr.L/s

1.08 - 0.99 ]Sur 45560
x10-10 Torr P

1x10-10 Torr.L/s

First in

Surpassed .
China

RF shield bellows contact force 125425 g/finger 123-135 g/fingeV Achieved

all requirements achieved
well within project timescale
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Task 1: Elecirostatic separator prototype

Most challenging subtask to pass review
Ultra-High-Vacuum tank and electrostatic components finished — Magnet to be finished

Schematic of Electrostatic-Magnetic Separator

Metal-ceramic
support

High voltage
feedthrough
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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



Referee Report:

IReRZHTERY £ 120GeV SEEIE AR FREFR D B3R TFIAVAE, HEJZDEERAZIS N FESS
PERBEARIEIR, FBVHASITER, W T EMHRESMXIE. fBFRED BXRBRAR, #H—TR(K
T CEPCLIZHIERA,

The research group has completed the development of the prototype of the 120GeV high-
energy positron-negative electron beam electrostatic separator, and its various indicators
have reached or exceeded the technical indicators required in the mission statement. The
development of the prototype machine was completed, and the key technology of positive
and negative electron bunch separation in the high frequency area of the main ring was
overcome, which further reduced the CEPC engineering manufacturing cost

10



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
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Referee Report on Polarization

£CEPC ZEeRRMCRMR T HE, RAAREHMR FIRMUCRANTE., FEIENZR . FHLIH

IRACRITIENRIRBRACRAEENEN T AIITHER., B TCEPCEIZIRIT R SRR & 597
KBS, ST 7 ZERHARIRILRITENTEIRIT, BRURARER, WERANEFRCER]

REI50% A £, EXEMRPIAEXTFRHEREAN B iehe ¥z 233 RinFan k8 &M, RiiEm
ATF6001, RFEEREREKR. THNSEERFHAENERE, R T BREIREHIIEICEKRE, 5§
RRERE 7 BheRiRsaE85aEIs5p0DIENIE; RILUE ¢ RSB N FEIFE T HIRF X
5, BRER 7 MAERELGERXC)RIFERE. XEMRFIR T 3B IR AYIIENIERIA
IR, RAERRTENPHARBRACRNARE TERSS
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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 build such advanced detectors

14



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 180 nm
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 9 g

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

16



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




Indicators and review report

Indicator Requirement Result Conclusion
Laser test:
| | X: 4.0 um; vy: 4.1 um , World
Spatial resolution 3-5 um oA test Achieved eading
x/y: 4.8-4.9 pm
C Firstin
Total ionization dose (TID) > 1 MRad > 3 MRad Surpassed China
ZiReE S EEESRRERBOFMRAERNR T & E S, BRYIRENNIEREF—RIIX

SRR, A5 T ERRGHEKTE, ... BINEERATIRMIROSILIE, FNEaE—
SHRAFHIESE, AN, BIUFEFRZEAGHE, MEHERTHEBIETH AN
KR
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Task 3: Calorimeter Prototype



Task 3: HCAL Prototype Research Goals

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

High linearity (non-linearity <3%)

Initial prototype design - Actual prototype buiit
0.5x0.5 m2, 35 layer (4A), 3x3cm2 module -+ 0.72x0.72 m2, 40 layer (4A), 4x4cm2 module
SiPM and scintillator coupling - Number of total channels: 12,960

P_aCkaging Assembled HCAL Basic Units Mechanics design

machine = Automatic system
developed to cope

with the large number
of channels

20



Task 3: HCAL Prototype Testing
Three test beam campaigns at CERN: Oct 2022, April 2023 and May 2023

HCAL prototype Pion event display
S |\ e |
ENe 2‘”‘5\4@??:&75 U Lt 70 GeV
s 5 = e =~ |

CEPC AHCAL Prototype L.@

65 million events collected in total 0
- Achieved requirement with second | o | P Resouion 2% 025
test beam data 5

- ECAL tested in front of HCAL

Resolution

10 20 30 40 50 21
primary E(GeV)




Achievements and Assessment Methods

Indicator Requirement Result Conclusion
— . 60%/{(E/GeV) @ 3% o o First in
—nergy resolution (10 GeV < E < 80 GeV) (57.6%)/JE®2.3% +4 Surpassed China
— . . 3% o . First in
=nergy linearity (10 GeV < E < 80 GeV) <27 Surpassed China

This project has made a series of innovative achievements in key technologies including
mass production, packaging and testing of plastic flash units, large area, high integration,
fully embedded readout electronics, large-scale and fast SIPM performance monitoring
and calibration based on LED, which plays an important role in the research and
development of key technologies of cepc.
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Academic Achievements

Accelerator Vertex Calorimeter Total
Patents 8 12 1 2
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



International Collaboration

RS-

PR =) TRAA2 (e =)
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4

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



1\Z&

- 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
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