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Precision Higgs physics at the CEPC”
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projections of 3000 fb ! data are used for comparison. [2]
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In April 2022, the International Committee for Future Accelerators (ICFA) “reconfirmed the international
consensus on the importance of a Higgs factory as the highest priority for realizing the scientific goals of particle
physics”, and expressed support for the above-mentioned Higgs factory proposals. Recently, the United States also
proposed a new linear collider concept based on the cool copper collider (C3) technology [31].
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Table 5.1: Summary of key technologies under R&D essential for CEPC

Table 5.2: Summary of key technologies in engineering applications essential for CEPC

Device type Accelerator Quantity CEPC specifications
S-band copper Linac 11 ~30 MV/m
accelerating tube
vacuum chamber Collider/ Total length  Length: 6 m
and coating Booster 200 km aperture: 56 mm
vacuum: 3 x 107 Torr
NEG coating pump speed for Hy:
0.5 L/s- cm?
BPM and All ~5000 Closed orbit
electronics resolution: 0.6 im
kicker & fast pulser | Transport ~25 Pulse width <10 ns (strip-line)
line trapezoidal pulse width <250 ns (slotted-pipe)
Lambertson septum | Transport line  ~20 Septum thickness <3.5 mm (in-air)
thickness <2 mm (in-vacuum)
Power supply All 9294 Stability 100-1000 ppm
RF-shielded Collider 24000 Contact force 125+25 gffinger
bellows Booster /12000

Device Accelerator  Quantity CEPC specification R&D status
1.3 GHz SRF Booster 96 Q=3x10'" @ 24 MV/m Specification met
cavity (9-cell)
650 MHz SRF Collider 240 Q =4 x 10'°@22 MV/m Specification met
cavity (2-cell)
650 MHz Collider 120 Efficiency: 80% Prototype
klystron Power: 800 kW manufactured
C-band NC Linac 292 Gradient: 45 MV/m Prototype
accelerating tube manufactured
S-band Linac 35 Peak power gain: 7 dB Prototype
bunch compressor manufactured
Positron source Linac 1 Central peak magnetic Specification met
flux concentrator field >6 T
Dual-aperture Collider 2384 Field: 140 Gs-560 Gs Specification met
dipole magnet aperture: 70 mm
length: 28.7 m: harmonic< 5 x 10~*
relative field difference<0.5%
Dual-aperture Collider 2392 Gradient: 3.2-12.8 T/m Specification met
quadrupole magnet length: 2 m: harmonic< 5 x 10~*
aperture: 76 mm
relative field difference<0.5%
Weak field Booster 16320 Field error Specification met
dipole < 1072@60 Gs
Electrostatic Collider 32 Electric field: 2.0 MV/m Specification met
separator field uniformity: 5 x 10~* by prototype
good field region: 46 mm*11 mm
Cryogenic Collider/ 4 ISkW @ 45K Collaboration with
refrigerator Booster IPC CAS,
a refrigerator system
of 25kW @ 45K
has been developed
Ceramic vacuum Transport ~20 75 x 56 x 5 x 1200mm Prototype
chamber and lines in production
coating
MDI SCQ Collider 8 Gradient: 136T/m: length: 2m Prototype
Aperture: 40mm: included angle: 33mrad  in manufacture
Visual instrument All 11 Image accuracy: 5 pm+(5 pm/m) Prototype completed

horizontal angle: 1.8 arc-second

vertical angle: 2.2 arc-second
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Figure 12.3: Cost breakdown of the CEPC accelerator technical systems.
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Table 7.2:

Team of Leading and core scientists of the CEPC

Name

Brief introduction

Role in the CEPC team

Yifang Wang

Xinchou Lou

Yuanning Gao

Jie Gao

Haijun Yang

Jianbei Liu

Hongjian He

Shan Jin Q

z =
Nu Xu [
Meng Wi —

Qinghong Cao

Wei Lu

Joao Guimaraes da Costa
Jianchun Wang

Yuhui Li

Chenghui Yu

Jingyu Tang

Xiaogang He

Jianping Ma

Academician of the CAS, direc-
tor of IHEP

Professor of IHEP

Academician of the CAS. head
of physics school of PKU
Professor of IHEP

Professor of SITU

Z:’ﬁijiIEi A |

Professor of PKU

Professor of THU
Professor of IHEP
Professor of IHEP
Professor of IHEP
Professor of IHEP
Professor of IHEP
Professor of SITU
Professor of ITP

Meghber ¢

The leader of CEPC, chair of the SC

Project manager, member of the SC
Chair of the IB. member of the SC

Convener of accelerator group. vice
chair of the IB. member of the SC
Deputy project manager, member of
the SC

effer of detector group, mem-

of the SC

N N\ IA_I

MANNE
F K

Member of the SC
Member of the SC
Convener of detector group
Convener of detector group
Convener of accelerator group
Convener of accelerator group
Convener of accelerator group
Convener of theory group

Convener of theory group
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Table 7.3: Team of the CEPC accelerator system

Number | Sub-system Convener Team (senior staff)
1 Accelerator physics Chenghui Yu, Yuan Zhang 18
2 Magnets Wen Kang, Fusan Chen 12
3 Cryogenic system Rui Ge, Ruixiong Han 11
4 SC RF system Jiyuan Zhai, Peng Sha 12
5

Beam lnstrgmin[ulipn

6 SC nep |

Yanfeng Sm Junhui uc
lingi_in?u

(3R RS 7T + "'3

Table 7.4: Team of the CEPC detector system

s 41\ :7E BESIII, Daya Bay, JUNO, ATLAS, CMSEIHF R B TE£E

Number | Sub-system | Conveners Institutions Team (senior staff)
1 Pixel Vertex | Zhijun Liang, Qun Ouyang, | CCNU, IFAE. IHEP, NJU, ~ 40
Detector Xiangming Sun , Wei Wei NWPU, SDU, Strasbourg, ...
2 Silicon Harald Fox, Meng Wang, | IHEP, INEN, KIT, Lan- ~ 60
Tracker Hongbo Zhu caster, Oxford, Queen Mary,

RAL, SDU, Tsinghua, Bris-
tol,
USTC, Warwick, Sheffield,
ZJU, ...

Edinburgh, Livepool,

Gaseous de-

00

Franco Bedeschi, Zhi Deng,

MCZIBERS

CEA-Saclay,

~ 30

7 Power supply Bin Chen, Fenlr i Long agne o Ning 2 ~
PPy W/ Magpet | FeipengNing | [HEP . 10
Injectiomgeftr ‘ ui‘('heugg &?tt /E F%D‘-I H} ﬁcli%Mh | ‘A’Eﬂl@w i IE ~ 40
9 Mechanichl syster T #Harlli Wang, Lan Dong / D NI i ik N, .
Muc ng,Li, | DU, IHEP, INFN,SITU ... ~ 20
10 Vacuum \\\tB E PC?B]ESI"‘Tw‘J N Q/H E PSI!'J\-__I__ < ‘n ,_Lll e
~ i A
11 Control syste eiGany tj 7 o N hquandang <IN il & ~ 80
12 Linac injector Jingyi Li, Jingru Zhang - Liantao  Wang, Mingshui
Chen
_ . " 3
3 Radiation protection | Zhongjian Ma - 8 | Software | Shengseng Sun, Weidong | IHEP, SDU, FDU, .. ~20
Sum 117 Li, Xingtao Huang
Sum ~ 300
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‘t&‘j‘M\ W%ﬁﬁi\ aﬁ%fﬁzﬁiﬁ

EITENAES

Name

Tatsuya Nakada
Steinar Stapnes

Rohini Godbole
Michelangelo Mangano
Michael Davier

Lucie Linssen

Luciano Maiani

Joe Lykken

lan Shipsey

v v v

VI[IpL
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Hitoshi Murayama
Geoffrey Taylor
Eugene Levichev
David Gross

Brian Foster
Marcel Demarteau
Barry Barish

Maria Enrica Biagini
Yuan-Hann Chang
Akira Yamamoto
Hongwei Zhao
Andrew Cohen
Karl Jakobs

Beate Heinemann

Affiliation

EPFL

CERN

CHEP, Bangalore
CERN

LAL

CERN

U. Rome
Fermilab
Oxford/DESY
IPMU/UC Berkeley
U. Melbourne
BINP

UC Santa Barbara
Oxford

ORNL

Caltech

INFN Frascati
IPAS

KEK

Institute of Modern Physics, CAS
University of Science and Techbnology
University of Freiburg/CERN

DESY

Country
Japan
Norway
India
Switzerland
France
Holland
San Marino
u.s.

U.K.

Japan
Australia
Russia

u.s.

U.K

USA

USA

Italy
Taiwan, China
Japan
China
Hong Kong, China
Germany

Germany

International Accelerator Review Committee

Phillip Bambade, LAL

Marica Enrica Biagini (Chair), INFN
Brian Foster, DESY/University of Hamburg & Oxford
University

In-Soo Ko, POSTTECH

Eugene Levichev, BINP
Katsunobu Oide, CERN & KEK
Anatolii Sidorin, JINR

Steinar Stapnes, CERN

Makoto Tobiyama, KEK

Zhentang Zhao, SINAP

Norihito Ohuchi, KEK

Carlo Pagani, INFN-Milano

International Detector R&D Review Committee

Jim Brau, USA, Oregon

Valter Bonvicini, ltaly, Trieste
Ariella Cattai, CERN, CERN
Cristinel Diaconu, France, Marseille
Brian Foster, UK, Oxford

Liang Han, China, USTC

Dave Newbold, UK, RAL (chair)
Andreas Schopper, CERN, CERN
Abe Seiden, USA, UCSC

Laurent Serin, France, LAL

Steinar Stapnes, CERN, CERN
Roberto Tenchini, Italy, INFN

Ivan Villa Alvarez, Spain, Santader
Hitoshi Yamamoto, Japan, Tohoku

KM, Kb BARBIZREHL . I AE AL, 20158 /0L
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CEPC Input to the ESPP 2018
- Physics and Detector

CEPC Physics-Detector Study Group

Abstract

The Higgs boson, discovered in 2012 by the ATLAS and CMS
Collaborations at the Large Hadron Collider (LHC), plays a central role in the
Standard Model. Measuring its properties precisely will advance our
understandings of some of the most important questions in particle physics, such
as the naturalness of the electroweak scale and the nature of the electroweak
phase transition. The Higgs boson could also be a window for exploring new
physics, such as dark matter and its associated dark sector, heavy sterile
neutrino, et al. The Circular Electron Positron Collider (CEPC), proposed by the
Chinese High Energy community in 2012, is designed to run at a center-of-mass
energy of 240 GeV as a Higgs factory. With about one million Higgs bosons
produced, many of the major Higgs boson couplings can be measured with
precisions about one order of magnitude better than those achievable at the High
Luminosity-LHC. The CEPC is also designed to run at the Z-pole and the W pair
production threshold, creating close to one trillion Z bosons and 100 million W

bosons. It is " electroweak
observables | = Irements are
complement: E S P P U I n p ut 'C also offers
excellent opp s, W, and Z
bosons. The tau leptons

produced from the decays of the Z bosons are interesting for flavor physics. The
clean collision environment also makes the CEPC an ideal facility to perform
precision OCD measurements. Several detector concents have heen nronosed for

the C epts can
“ arXiv: 1901.03170

a r IV . . potential
and t il in the
Conce 3 outline
futur 1 9 O 1 0 3 1 6 9 ribe the
plann * p for the
CEPC ... national

o—

co]labora\lon would be crucml ge. This submission for consideration by
the ESPP is part of our dedicated effort in seeking international collaboration
and support. Given the importance of the precision Higgs boson measurements,
the ongoing CEPC activities do not diminish our interests in participating in the
international collaborations of other future electron-positron collider based
Higgs factories.

% 10> BA\ 'REJZEI—— DA %’ft:&i%

Al

Snowmass2021 White Paper AF3- CEPC | C H E P 20 2 2

CEPC Accelerator Study Group!

ICHEP 2022

1. Design Overview

1.1 Introduction and status

The discovery of the Higgs boson at CERN’s Large Hadron Collider (LHC) in
July 2012 raised new opp for large-scal The Higgs boson is
the heart of the Standard Model (SM), and is at the center of many biggest mysteries,
such as the large hierarchy between the weak scale and the Planck scale, the nature of
the electroweak phase transition, the original of mass, the nature of dark matter, the
stability of vacuum, etc. and many other related questions. Precise measurements of
the properties of the Higgs boson serve as probes of the underlying fundamental
physics principles of the SM and beyond. Due to the modest Higgs boson mass of 125
GeV, it is possible to produce it in the relatively clean environment of a circular
electron-positron collider with high luminosity, new technologies, low cost, and
reduced power consumption. In September 2012, Chinese scientists proposed a 240
GeV Circular Electron Positron Collider (CEPC), serving two large detectors for

Higgs studias and athar tanine ac chawn in Fia 1 Tha —100 Lm tuanal for such a

machine | 1 energies I C H E P 20 18
well beyo S n m n t

The ¢ OW aSS I p u hosted by
China. It the ICFA
Workshop “Accelerators for a Higgs Factory: Linear vs. Circular” (HF2012) in
November 7()!’ at Fermilab. A Preliminary Conceptual ]')emul Repnn (Pre-CDR, the
White R N rroroore o oamrs em - * (the
Yellow I . was <
made. T] . ) [3] P
=0 arXiv: 2203.09451 L
internati 018
In May 2 2 0 O 8 ergy
Physics 5 . 5 5 3 ‘DR,
CEPC ac d by

CEPC International Advisory Committee (IAC). In TDR phase, CEPC optimization
design with higher performance compared with CDR and the key technologies such as
650MHz high power and high efficiency klystron, high quality SRF accelerator
technology, high precision magnets for booster and collider rings, vacuum system,
MDI], etc. have been carried out, and the CEPC accelerator TDR will be completed at

! Correspondance: J. Gao, Institute of High Encrgy Physics, CAS, China
Email: gaoj @ihep.ac.cn

* CEPC RN T EHIAARNHENL B2 5 1 WCHANSE [ R P2 g 1 18
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#8.1: CEPC £EREHBHA (CDR)

akdown Structure (WBS) - Accelerator

» Level |Level 2 |Level 3 |Level 4| Level | Level | Level WBS Element Tile Type Unit__| Number__jprice (10,000 Y| Total Price (10,000 Yuan! WES Element Des
gt (ILAR) 359 ' G ' :
Ein] TOTAL ) 1641673
2 Acceleralor Physics 1000 |
i% 1 64 2 1 Analylic and simulation sludies - |
[] 2 ] Code development - |
2 3 Computing hardware )ﬁ I
2 0 Compuling sonware /{\ 1
X‘{I‘Eﬂ: 99 . 2 2 5 Publication %)‘ 1
3 Colider (Ch 4) Colider ing |es1757 / -1
3 1 Superconducting RF System (Ch 4.3.1) 95200 N -1
i% 5‘%%& 39 2 3 1 1 Cavity 650 MHz 2-cell niobium one 240 180 ®
* 3 1 ] Cryomodule 2K, far 6 cavities one 40 200
3 7 3 Tnput coupler 650 Mz, single window, va| __one 240 ) Q
E% Yy A ]ﬁ‘ > %Q 9 1 3 1 3 HOM coupler coaxial, detachable one 780 5
= —J ML N . 3 1 5 HOM absorber room temperature one 80 0 Q
3 7 5 Tuner end lever wih piezo ane 240 \ L0
3 1 7 Vacuum, valve, cables, tooling, assembly, e(c. one 40 / 16800
B 0.44 T
3 T 9 .
N 3 2z RF Power Source (Ch 4.3.2) [ / . i)
Common: {&ﬂ?\% 1 0 . 6 3 2 1 Kiystron ‘B50MHZBO0KWY SET - 36000
3 2 2 PSM source 120KV/16A SET Jo0| 42000
3 z 3 Circulator and dummy load BODKW 250 30000
Y il & 4 3 2 4 LLRF 25 3000
l‘!.“.n Vagt> 3 2 5 Waveguide BOOKW y 100 12000
3 2 5
A e 5
YRR 1.7 N\
3 2 B ‘X/ \
3 z 9 > O
i@ﬁﬁi 102 3 3 Magnets (Ch 4.3.3) V 304086
3 3 1 Dipoles N 173192
3 3 1 1 Dual aperture dipole one 2384 & 164496
3 ‘I'" 40 3 3 ] 1 1 Colls (main & tam) ™ 287 0.1 287 “Aluminum
?;L 3 3 1 1 2 Camination m 287 06 17.22 Stoel- J23
3 3 T T 3 Stainiess steal $ m 267 04 T1.48 Support and structure
N 3 3 7 7 0 Tead Q m 8.7 02 5.74 Radiation shiekding
’Y Hi ﬁ% 3 3 1 1 5 Other materials ‘ m 287 01 287 Epoxy, painl, elc.
3 3 1 1 O Accessories set 1 0.72 072 Water cooiing, swilh, electric connectors, elc.
3 3 7 7 7 Toolings one 1 12 12 inding former, casting mould, punching die, stacking tooling, efc
Iﬁ'f E %jﬁ ( 1%) 3 3 1 1 B Machining & assembly one 1 15 15
> 3 3 1 7 3 Inspection & test one 1 0.1 0.1
3 3 7 7 0 Package & delvery one 1 05 05
Kﬂﬁ I %Fﬁ (15%) 46 3 3 1 1 [0 Overnead one 1 15 5
J\j‘.} 3 3 1 1 12 Tax one 1 7 7
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Back up
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Budgets for R&D and construction

Cost and benefit analysis

CEPC is priceless in revealing potential discoveries & knowledge. CEPC may provide the
Higgs data in 2030s, thus brings upon mankind a new era in the science exploration.

The current CEPC design is optimized. The cost is reduced through innovative design &
new tech. development.

CEPC will host thousands of users and operates for decades. The investment per
researcher per year is comparable, or even smaller than that of other facilities & other
disciplines.

CEPC has the upgradable capability and provides strong boost to the technologies, is a
highland for global talent training & cooperative innovations. It could revolutionize multiple
key-tech. that has huge potential for application.

CEPC attracts significant International collaboration, enhance the international
communication, contribute to the World Peace.

The science city of CEPC could strongly promote local economic.

7.2 Cost-benefit evaluation of the project 33



10/19/2022

Summary

CEPC
« will address most pressing & critical science problems

« adds enormous strategic values; has many advantages;
will be in a leading position if realized.

» design-technologies reaching maturity;
offers great upgrade options and many added values and benefits

* has a strong-experienced team, IHEP support and international
cooperation, which are keys to bring CEPC to fruition

* schedule follows China’s 5-year planning; expects to complete R&D and
preparation to build the facility and carry out the science program

 will position China to be a leading position in particle physics and
contribute to the world in a major way.
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Scientific objective: Higgs field & Challenges to the SM

u Ttk Beg ¥y P the

Yﬁlasalz V@ H

10/19/2022

Hierarchy: From neutrinos to the top
mass, masses differs by 13 orders of
magnitude

Naturalness: Fine tuning of the Higgs
mass

Masses of Higgs and top quark: meta-
stable of the vacuum

Unification?
Dark matter candidate?

Not sufficient CP Violation for Matter &
Antimatter asymmetry

Most issues related to Higgs

36
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New Physics High Precision

~10 TeV ~1%
v Dark Matter <>~ Higgs: 1%-0.1% <
v Extended Higgs v EW:0(10°-10%)
v Composite Higgs Vs current
v' Supersymmetry v Flavor
Operation mode Z w Higgs
Center-of-mass energy (GeV) 91 160 240
Operation time (year) 2 1 10
Instantaneous luminosity/IP (1034cm—2s~1) 115 16.0 5.0 <
Integrated luminosity (ab—*, 2 IPs) 60 3.6 12
Event yield (30 MW) 2.5 x 1012 1.0 x 108 2.5 x 10°
Event yield (50 MW 4.0 x 10" 1.6 x 105 4.0 x 106

10/19/2022

ERHFE A

SRR (BEZR)

L

Design & Implementation

J

Detector Detector & Accelerator
— Particle Flow v’ Multi-purposed Acc.
v" New concept Detector
v High Granularity < v Cost, added values
v Good Resolution v Spill-over
v' Reliable PID -
v' Management
v Collaboration
High Lumi,
—> 1034-36¢m 251 Accelerator
2 IPs/100 km
v Higgs: 20 abl <«—p
v Z: 100 ab-1 v Switchable Operations
eV W: 6 abl v Upgradability
v Top: 1 ab?l v Large Piwinski angle

with Crab-waist

2.1 XERIZE M & 2.2 8 AL



CEPC Measurement Precision

Table 2.1: Precision of the main parameters of interests and observables at CEPC, from Ref. [ 1] and the references
therein, where the results of Higgs are estimated with a data sample of 20 ab—!. The HL-LHC projections of

3000 fb—! data [2] are used for comparison

Higgs W, Z, and top
Observable HL-LHC projections CEPC precision | Observable Current precision CEPC precision
My 20 MeV 3 MeV My 9 MeV 0.5 MeV
'y 20% 1.7% 'y 49 MeV 2 MeV
o(ZH) 4.2% 0.26% Miop 760 MeV O(10) MeV
B(H — bb) 4.4% 0.14% Mg 2.1 MeV 0.1 MeV
B(H — cc) - 2.0% 'y 2.3 MeV 0.025 MeV
B(H — gg) - 0.81% Ry 3x107° 2x 1071
B(H — WWH) 2.8% 0.53% R. 1.7 x 10~2 1x1073
B(H — ZZ%) 2.9% 4.2% R, 2 x 1073 1 x10-%
B(H — 1777) 2.9% 0.42% R 1.7 x 1072 1 x 1074
B(H — vv) 2.6% 3.0% A, 1.5 x 1072 3.5 x 107
B(H — p*tpu™) 8.2% 6.4% A 4.3 x 1073 7% 1077
B(H — Z~) 20% 8.5% Ay 2% 102 2 x 104
Bupper(H — inv.)  2.5% 0.07% N, 2.5 x 1072 2x10°*
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Accelerator Design, R&D & Maturity
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Accelerator Cost (billion CNY) (o:16 BEPCII
R&D /HEPS

Magnets
Vacuum
RF power source
Mechanics
Magnet power supplies
SCRF
Cryogenics
Linac and sources
Instrumentation
Control
Survey and alignment
Radiation protection
SC magnets
Damping ring

Total

4.47
3.00
1.50
1.24
1.14
1.16
1.06
0.91
0.87
0.39
0.40
0.17
0.07
0.04

27.3%
18.3%
9.1%
7.6%
7.0%
7.1%
6.5%
5.5%
5.3%
2.4%
2.4%
1.0%
0.4%
0.2%

20.0%
10.0%
5.0%
N.A
0.5%
5.1%
3.0%
2.0%
2.3%
0.1%
1.4%
0.1%
0.2%
N.A.
49.7%

7.0%
8.0%
2.0%
6.6%
6.5%
2.0%
2.5%
2.5%
3.0%
0.5%
1.0%
0.2%
0.1%
N.A.
41.9%



Accelerator design: Compatible Operation

DESIGN GOAL

Compatible operation for |

SOLUTIONS

Higgs, W, Z and Top runs )

10/19/2022

Partial/full partial double ring design with special
RF station bypass scheme

RF station by pass
O o™ ] w0 scheme for Higgs, W, Z

Booster 3 '9;[5 H 30/50 MW Mode 3[C_[MS
N 1B B
Outer Ring 160 m 48 m 48 m 160 m

—— ; 10 CMs T — -7 10 CMs :
nner Ring o —=" ~——

3CMs W 30/50 MW & 3 CM

Booster =1 Z 10 MW Mode =

- E =]
Outer Ring

Inner Ring ,* 10 CMs

4 IP design in progress...
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Accelerator design: Environmental Friendly Design

DESIGN GOAL SOLUTIONS

High efficiency Klystron
High Q SRF cavity
Dual Aperture Magnets

Environmental friendly &
economic operation

}: 'lllllllllll' |

\\P\\\“‘

High Q SRF Cavity & Module High Efficiency Klystron Dual Aperture Magnets

10/19/2022 42
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Accelerator design: Pursing high Luminosity

DESIGN GOAL

SOLUTIONS

Increase Luminosity

Lattice optimization for all energies
Crab waist scheme with large cross
angle and sextuples

e I e
E ttbar: ex=1.4nm, B=1.04m/2.7mnH jﬁ Higgs: ex=0.64nm, B=0.33m/1mm!
= JJ_H B - W— - S i
_ | | ' e -

g:z:\ J M]E ’ ; I . E
! W: €x=0.87nm, B=0.21m/1mm% | E Z: €x=0.27nm, B=O.13m/0.9mmﬂ\z
b | e d - R
}MM | —— M;: E:ﬁkmL- #*I,—,L:
| NP IS [EPUSMUUIIE EEPIIPUI [IIEEP SIS [P EEEUIMIS I S f j : f
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Accelerator technology Maturity

* Intensive R&D covers systems with a high budget ratio:

» magnet (27%), vacuum (18%), RF power source (9%), mechanical (8%), superconducting RF (7%),
cryogenic(7%), beam source and linac (6%), instrumentation (5%), and alignment (2%)

RN
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State-of-the-art SRF cavities

650 MHz 2- & 1-cell SRF cavity test results

1
10 v T ? ] AR RS RN AR RN E R
- mlo_ 000000000000000,,. | - RN - ]
otdelifay. ZceII L S },:. covee ssee,,,.  1-cell
“‘-'. ] ! . .00: ..I”QC ‘ ;
‘ -- | | E ! 1 1 I. “\ |
’ Q | 1 1 I 1 o e ® 9 o' : 'S
2 PR ] S S
° NI AR aI
G 10" CEPC"’T}Ehr oW 0o R WERE - FEI3a lZEEET paaass EEEEIS
n ] ® 1#fE: PRIR K ! ! ! ! !
& 2ufE. Al i ! i i !
——— Y CEPCI& 17 it b | i | l |
W D1#+HOM Coupler ¥ CEPCILWIF 47 : : : : :
A D2# | i | | i I [20K |
® D3# 1 00 b e e
20K 0 5 10 15 20 25 30 35 40 45
109 1 1 1 1 1 acc(MVlm)
T T L e e S S s A BRI
E, .. (MV/m) Ve(MV)
L 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 L 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 0 20 40 60 80 10$ 120 140 160 180
m
vc (MV) peak( )
IHEP 1.3 GHz 9-cell Cavity Horizontal Test IHEP 1.3 GHz 9-cell Cavity Vertical Test
SEN0 7777771717 T T 17T 5E10 T T T T T
E | 4 N5EP
v NBEP
E L4 L] T o NBEP
L Al en:a.o".x A | ..C. 410 b Jes K. *ey, Iy > N10EP |1
b e ? s [ ¥ SR LI LA 4 N5 mig-T
E0E g0 L ¢ CEPG spec A ARG A H sl
S High power test * * ¢ ! ; a et e
with input coupler a0 b i ; e 204 * * NomidT |
o SHINE & LCLS-Il  LOLS-I-HE o . L > N10 mid-T
e spec spec =} * b S R
2E10 | 1 t - o o O LCLS-IIASHINE spec LELSHI-HE spec
S F 0 .
2E10F O v B e yam ]
| v v o :; Gah: At
e 1300-N8 horizontal test @ 2K| SR S54RaETH!
| IR LT -
1E10 | oo, Sel 3
L FEL spec oP] ¥ *I
1E10 1 1 1 1 1 1 1 1 1 1 1 1 sEg 1 1 L | 1 1 =0 L e
0 2 4 6 8 10 12 14 16 18 20 22 24 0 5 10 15 20 25 30 35 40
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700.0

State-of-the-art P-band Klystron

600.0 Power vs. High Voltage
500.0
400.0
300.0
200.0

100.0

0.0
70 75 80 85 90 95 100 105

80.0%

A | A | %
= » “ "
T R \' ] | — - r”
& 4 7 y / e
.‘ i |
| | [ | Ve il s
J o L4 1 b
| | = 4 1 - > (s
70.0% —— *——e ‘ ‘ o7 Al /] B A
. g g S o 8 — \
i el k S ', taE g} "\ ’
o 3 > 4 P g i 1 E
60.0% | P 4 : - o | A
- 1 { - v 1 1 S o r
v -l 1 . | v
I B8 5 - 7 P L ’ .
/N ¢ R, Ly — { ! 2
, ) i £ =
¥ 7‘ . , -
| ! > LB \

50.0%
40.0%
30.0%
20.0% Power vs. Efficiency
10.0%

0.0%
70 75 80 85 90 95 100 105

70.5% @ 630kW efficiency in the present status
Goal: ~80% efficiency
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Quench Current w.r.t. Background Field of the IBS Racetracks Coils

200
v
160 =
<120
an %
o -
-
40
0
[

®  The 1" IBS racetrack
#  The 2" IBS racetrack
* 1 curve of IBS
v. v I curveof IBS
o

S4-u i
M 4 ¢
"% s auan

Comments from SUST reviewers :
a) ..the new results that can have a strong impact on the conductor and magnet community.

2 8 1 12

4 6
Background Field (T)

14

Viuv)

After heat-zreasment

State-of-the-art High Field Magnet

lron based HTS coll

]

—a— 34174 .1 i‘ Loy ih:ﬁ al |~.wur»

@42K/0T

e

34 DPC affer heat-treatment 434 DPC aficr epoxy improgmating  Six DPCs In series

——V,, .. D347 ums- CPC

© 1 % 40 0

1(A)
Ic measwrement under 4.2 K usd 30T

»

Vi

Col after epoxy impregmiting  Ic measurement at 32 T

—e— 1% <ol " gt o
. 2%<of O34-17H.-6 1 PR AL
—a— 3¢ <ol
v A¥ <ol
+_6¥ <ol
@42KI20T

00A (245008
BAT1:1008 :

Ic: 75A

osAsigHHE |

b) ..demonstrated the great potential of Iron-Based Superconductor in the development of next-generation accelerators.
c) Itis of certain significance in the path of applications of Iron-Based Superconductor...

Preparation for the future SPPC upgrade, and significant

10/19/2022

potential for multiple applications

Dual aperture SC dipole (NbTi+Nb3Sn)
achieves 1247 T at4.2 K

1 Xf.w "
/' LPFLU 1
thermal cycle
10 iy
- i
; LPFI-U test after 2" thermal cycle: 6865 A& 12.47T@ 4.2 k
EJ 9 LPFI-U first test resulf: 6664 A& 12.15T @ 4.2 k- 2*() 14 mm
L LPFI-S test result: 5507 A& 10.71 T @ 4.2 k- 2%} 12 mm
8 | LPF1 fest resull: 5122A & 10.23 T @ 4.2 k- 2*0 10 mm
7 —— Test result of LPF1
—+— Test result of LPF1-S
—— First test of LPF1-U
6 | —— LPF1-U test after 2 thermal cycle

PR I I I |

U [T (T N I [T U S N N

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Magnetic field strength,

J. RRR, Cu ratio,
EM force, quench protection,

Filament size,

BRLM

Matertal,

Cross section, e

Processing, Magnetic field quality,
Persistent current effect,
Coll stress,

Training history

Quench protection

J. and RRR degradation
Hot spot, voltage,

J. & strain curve of

Stress and dimension the
control

O

Impregnation quality control Pre-stress control Training, Thermal-

Thermal stress control Dimension control, ‘magnetic
Mechanical strength and Mechanical Stability Instability.
stability Thermal cycle,
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Feasibility study: Polarized Beams

DESIGN GOAL SOLUTIONS

(" Resonant Depolarization for ) / o ] \
e . .  Injection of polarized beams
10-¢-level precision beam — ) ]
« Polarized beam generation from the source

energy calibration atZ, W .. ) . .
- 9y / « Polarization maintenance with “Spin resonance free”

4 h booster design

>50% longitudinal polarization —p
0B - . « Solenoid-based spin rotators in the collider rings
for Z, W and even Higgs y

Unpolarized
electron I— . . _ . . ) i
I RHIC 1
source I " 1
| " iy ]
electron 0.100| ; B\D\.ﬁﬂ-ﬁ?_. |
—— : : >
— I H _J.--'- . |
; 0.010} S
ositron i A 10 {
) P - VEPP-4M ey ca o
Polarized — | . % E'%GS b -
electron Positron \_ 0.001 ELSA® -7 i i - { =
source damping/polarizing ring IP1 v ; _5 ’_‘,,-'* -:____-' cerc-2l | 9
0y =" ~ 21 1 !
[ =" 1 iigc-rest| i 5 ;
. electron P e i il o . '
- t P 2 R H | '
I L : ¥ = H ¥ { ]
_ _--~"" Negligible i i '
C=145m = 10 I - . . ' 'i"' 'i' H | I
Asymmetric P polarization loss L i 4k i
wigglers A Spln rotator I i X X i . X ] 1 LI 1 | 1 1 1 - 1
P2 10-10 10 107* -2000 -1500 -1000 -500 0 500 1000 1500 2000

a=d{ay)d@ GX (m)

Extension for polarized beams Spin resonance free booster Spin rotators in Collider rings
10/19/2022 48



Novel Acceleration Principle: PWFA Wakefield

PWFA plasma acceleration

acceleration technology:
« Cascaded Acceleration

\-\ Positron Acceleration

High bunch charge

Time = 200.00 [w;!]

-
"I High Energy Conversion: la
esot 10=->45.5 GeV |'I
025 | I

_E 0.00 L — " —_— o
0325 T -
-0.50 b Y

L
075 II'
. 'I
] 2 1 6 B o i°
£l
10/19/2022

an alternative option for hig
performance Linac, promoting

/

h

1.00

0.75¢

0.50¢

0.25¢

0.00

-0.25¢

-1.00

e- acceleration

Gunl — - B
Gun2 — 1 10GeV 45GeV
> = -~ PWFAI >
i— PWFAI —
45GeV
Ly Lty ]
acceleratlon
charge_slice_xz
Time = 1000.00 [w;?] Ll ]
_ _ . 6,=20um, 6,=10um
Middle Energy Conversion: ¢ 5 150
1025 GeV I 100 1
50 \T/\
— -6 — T -
= 2 5 o] - -
X |48 & N
> a =50:1 /7\_—,
-10 ~100
-12 -150 -
-14 T T T y
5 3 21 ; 8_3 500 400 300 200 100 0
! E[um]
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Key technologies validated by BEPC Il & HEPS

Device type Accelerator Quantity CEPC specifications

S-band copper Linac 111 ~30 MV/m

accelerating tube

vacuum chamber Collider/ Total length Length: 6 m

and coating Booster 200 km aperture: 56 mm
vacuum: 3 x 10719 Torr
NEG coating pump speed for Hy:
0.5 L/s- cm?

BPM and All ~5000 Closed orbit

electronics resolution: 0.6 um

kicker & fast pulser | Transport ~25 Pulse width <10 ns (strip-line)

line trapezoidal pulse width <250 ns (slotted-pipe)

Lambertson septum

Transport line  ~20

Septum thickness <3.5 mm (in-air)

thickness <2 mm (in-vacuum)

Power supply All 9294 Stability 100-1000 ppm
RF-shielded Collider 24000 Contact force 125+25 g/finger
bellows Booster /12000

BEPC, BEPC Il: 40 years experience of designing,

constructing, and operating collider.

HEPS: light source with highest brightness

through advanced accelerator technology.

All the CEPC systems are well covered by currently accumulated technologies, the R&D, and validation projects.

10/19/2022
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Compared to New collider Designs

Luminosity [10** cm2s]

-
-—a
s

10° 10°

Vs [GeV]
Twin LC with energy recovery
~heafi~on coll. acceleration linac{dE) compressor
L I e & - -
e .
/ gu_of 1 - i 1 [ i1 |
{ — }/{ - —
( deceleration decompressor
\ e E-5GeV ]
NN N
Ne. et _ = o beam dump
€--->= —_————— . €
e ler(-dE~0.
\“\9' a wiggler(-dE~0.025 GeV)
from DRs

~2.5km

* Multiple new proposals in recent years, especially in the snowmass studies
* Handful of new electron positron collider design (i.e., C3, HELEN, etc)
* Colliders with different particles: Muon collider, Photon Collider, electron-photon collider

Compared to the electron-positron Higgs factories, the luminosity and scientific potential of these new designs are
relatively limited, and corresponding technologies are relatively immature.
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Detector Design & R&D
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Status and maturities of the current technologies

Detector design

Well understood Physics Requirements. 007y
006:— CEPC [ ]2Z — vvqq (ud) Cleaned ] IDEA Concept
o %;‘ijj;:qc‘l‘:z o 2T Magnet (also proposed for FCC-ee)
Significant International Collaboration s o E
S o004 3 Preshower (u-RWELL)
. . .. < 0.03- A
PFA oriented design emphasizing the performance of 2 ] _
ECAL & Pid to enhance the physics cases, especially oot : Silicon wrapper
flavor, etc. o LN/ L
60 80 100 120 140 160
m (GeV) Yoke + Muon (u-RWELL)
(Baseline Design) PFA approach with Full Silicon -
Particle Flow Approach Tracking Si Pixel Vertex
Magnet — -
(3T /2T) Advantage: the HCAL absorbers act as part
Yoke + Muon (RPC or u-RWELL) Muont+Yoke  PFA HCal of the magnet return yoke.

Challenges: thin enough not to affect the jet
| resolution (e.g. BMR); stability.

Transverse Crystal bar ECAL

LUMiCath

Advantage: better 7%y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

PFA HCAL

PFA ECAL Drift chamber
that is optimized for PID
Advantage: Work at high luminosity Z runs
L. Challenges: sufficient PID power; thin enough
Si Pixel Vertex not to affect the moment resolution.

Si Tracker Si Vertex
SIT TPC SET
FTD ETD
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Sub-detectors and Key techs

Table 3.2: All sub-detectors and the key technologies

Sub-detector

Key technology

Key Specifications

Silicon vertex detector

Spatial resolution and materials

orp ~ 3 pm, X/ Xo < 0.15% (per layer)

Silicon tracker

Large-area silicon detector

o(-L) ~2x 1075 @ X100 (GeV )

pXsin3/2 6

TPC/Drift Chamber

Precise dE/dx (dN/dx) measurement

Relative uncertainty 2%

Time of Flight detector

Large-area silicon timing detector

o(t) ~ 30 ps

Electromagnetic

Calorimeter

High granularity

4D crystal calorimeter

EM energy resolution ~ 3% /+/ E(GeV)

Granularity ~ 2 x 2 x 2 cm?

Magnet system

Ultra-thin
High temperature

Superconducting magnet

Magnet field 2 — 3T
Material budget < 1.5X
Thickness < 150 mm

Hadron calorimeter

10/19/2022

Scintillating glass

Hadron calorimeter

Support PFA jet reconstruction

Single hadron o4 ~ 40% /\/E(GeV)
Jet o)y’ ~ 30%/+/E(GeV) .y




CEPC EM calorimeter

* PFA-oriented High granularity calorimeters were constructed based on mature technology
e Scintillators + iron hadron calorimeter (AHCAL)
 Scintillators + TungstenCAS EM calorimeter (Sci-W ECAL)

Sub-detector Specification Requirement =~ World-class level CEPC prototype
Scintillator-W Energy Resolution < 3%/VE 12.5% [18] to be measured
ECal Granularity ~ 2cm X 2cm dmm X Smm
Prototyping [19]
Scintillator-Steel HCal | Single Hadron Energy Resolution < 60%/vE 57.6% [20] Prototyping
|
AHCAL Sci-W ECAL
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CEPC Vertex detectorR & D

e CEPC Vertex detector sensor R & D timeline
e Based on Tower Jazz CIS 180nm process (Jadepix , TaichuPix)
e Based SOI 200nm process (CPV chip)

2015 2017 2019 2020 2021

i | i‘|
JadePix-1 JadePix-2/MIC4 JadePix-4/MIC5

180nm CIS process

200nm SOI proCess

CR\V=

10/19/2022
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CEPC TPC detector R & D
* Highlights of CEPC TPC detection technology R&D Htips QoL ars 10,1015/ nima.2022.167241

https://doi.org/10.1109/NSS/MIC44867.2021.9875566

* Pad readout towards pixelated readout TPC to increased PID to 2-3% https://doi.org/10.1088/1748-0221/15/09/C09065
. . https://doi.org/10.1088/1748-0221/15/05/P05005

« Massive production and assemble MPGD lab has been setup at IHEP httos./fdrclol org/ 10.1142/502 1775 X204 10146

» Very activate international collaboration with LCTPC and RD51 e a1 ons oot 1% oa 03001

Prototype plan at IHEP

* Realization of pixelated technology collaborated with Tsinghua

Module To be addressed by R&D
size

=300 pm X300 pm * Research on pixelated readout technology
* Developedthe readout chip , realization

by Tsinghua University 1-2cem® . Optimization of cluster profile and pad size
+ Developedthe Micromegas ¢ Study of the ‘dN+dx’

detector sensor atIHEP * Study the distortion using UV laser tracks
* Developmentof the new 100 cm? and UV lamp to create ions disk

module and prototype in the * In-situ calibration with UV Laser system

end of 2022 + Study of the ‘dE/dx+dN,,/dx’

—Micromegas
detector

Design+assembled
___Pixelated +Produced at IHEP

readout
— PCB board

Bump
bond

& Tsinghua University

. ) T < University
. ])L‘l“ﬂ“’(ulﬂ]]ll.\blﬂnlﬂu
- = 25
Readout chip  11rv o/ rcinonua
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CEPC Team @ LHC upgrade

ATLAS high granularity timing detector ~34% modules and sensors Project leader
(HGTD) (~¥2700modules, sensor by Chinese foundry) Coordinators in Sensors/ modules
LHCb UT tracker upgrade System design, test and integration Deputy project leader
ATLAS ITK strip detector upgrade ~10% modules in Barrel (100 modules ) Coordinator in China/UK cluster
CMS HGcal ~20% modules (~100 m? area) silicon module
High luminosity LHC upgrade Contributing 13 CCT magnetic
ATLAS ITK strip upgrade ATLAS HGTD CMS HGcal

Module prototyplng Sensor developed by IHEP module prototyping
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Organization @ R&D stage

CEPC has a complete and competitive core team that is well-positioned to realize and operate

this prRIRG N Board composed of 32 institutions, including multiple top university/institutes

Management team with comprehensive experience in project initiation, design, construction,
operation, maintenance, management, and upgrade.

IARC & IDRC composed of leading experts of this field, provide valuable guide

IAC composed of global renowned scientists and top laboratory or project leaders who have ample
experience in project management, planning, and execution of strategies

Younger talents responsible for physics study and key technology R&D. The CEPC accelerator & detector

R&D team composed of ~400 staffs, with equivalent number of postdocs and students.

10/19/2022

Institution Board

International

Sk B ‘_ Advisory Committee
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Core R&D team: young and active scientists

Table 7.4: Team of the CEPC detector system

Institution Board

Steering Committee L o

International
Accelerator Review _>

Project Director
Committee

International
Advisory Committee

International
4_ Detector R&D Review
Committee

o mmmmmm 4 Project Office

v v +
= =8 N

10/19/2022

Table 7.3: Team of the CEPC accelerator system

Number | Sub-system Convener Team (senior staff)
1 Accelerator physics Chenghui Yu, Yuan Zhang 18
2 Magnets Wen Kang, Fusan Chen 12
3 Cryogenic system Rui Ge, Ruixiong Han 11
4 SC RF system Jiyuan Zhai, Peng Sha 12
5 Beam Instrumentation | Yanfeng Sui, Junhui Yue 7
6 SC magnets Qingjin Xu 10
73 Power supply Bin Chen, Fengli Long 9
8 Injection & extraction | Jinhui Chen q
9 Mechanical system Jianli Wang, Lan Dong 4
10 Vacuum system Haiyi Dong, Yongsheng Ma 5
11 Control system Ge lei, Gang Li 6
12 Linac injector Jingyi Li, Jingru Zhang 13
13 Radiation protection Zhongjian Ma 3

Total 117

Number | Sub-system | Conveners Institutions Team (senior staff)
1 Pixel Vertex | Zhijun Liang, Qun Ouyang, | CCNU, IFAE, IHEP, NJU, ~ 40
Detector Xiangming Sun , Wei Wei NWPU, SDU, Strasbourg, ...
2 Silicon Harald Fox, Meng Wang, | IHEP, INEN, KIT, Lan- ~ 60
Tracker Hongbo Zhu caster, Oxford, Queen Mary,
RAL, SDU, Tsinghua, Bris-
tol, Edinburgh, Livepool,
USTC, Warwick, Sheffield,
ZIY;
3 Gaseous de- | Franco Bedeschi, Zhi Deng, | CEA-Saclay, DESY, ~ 30
tector Mingyi Dong, Huirong Qi LCTPC Collab., IHEP,
INEN, NIKHEF, THU ...

4 Magnet Feipeng Ning THEP ~ 10
5 Calorimetry | Roberto Ferrari, Jianbei Liu, | CALICE Collab., THEP, ~ 40
Haijun Yang. Yong Liu INEN, SJTU, USTC..

6 Muon Paolo Giacomelli, Liang Li, | FDU, IHEP, INFN, SITU ... ~20

Xiaolong Wang
7 Physics Mangi Ruan, Yaquan Fang, | IHEP, FDU, SITU, ... ~ 80
Liantao  Wang, Mingshui
Chen
8 Software Shengseng Sun, Weidong | IHEP, SDU, FDU, ... ~20
Li, Xingtao Huang
Total ~ 300

Younger talents responsible for physics study and key technology R&D.

The CEPC accelerator & detector R&D team composed of ~400 staffs,

with equivalent number of postdocs and students.

R&D team actively participate the LHC experiments & HL-LHC upgrade
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International Advisory Committee (since 2015)

Name Affiliation Country
L T Tatsuya Nakada EPFL Japan
Steinar Stapnes CERN Norway
Steering Committe ‘_ Rohini Godbole CHEP, Bangalore India
Michelangelo Mangano CERN Switzerland
International International BRIl DT S e
Accelerator Review == project Director [ sl Detector R&D Review Lucie Linssen CERN Holland
it L) Luciano Maiani U. Rome San Marino
Joe Lykken Fermilab u.s.
EEmmmmmmmg  Proect Office lan Shipsey Oxford/DESY U.K.
Hitoshi Murayama IPMU/UC Berkeley Japan
* v J' Geoffrey Taylor U. Melbourne Australia
Eugene Levichev BINP Russia
David Gross UC Santa Barbara u.s.
e L Brian Foster Oxford U.K
————miian siaca-mmmam s mmeaa i Marcel Demarteau ORNL USA
Barry Barish Caltech USA
Maria Enrica Biagini INFN Frascati Italy
Yuan-Hann Chang IPAS Taiwan, China
Akira Yamamoto KEK Japan
Hongwei Zhao Institute of Modern Physics, CAS China
Andrew Cohen University of Science and Techbnology Hong Kong, China
Karl Jakobs University of Freiburg/CERN Germany
Beate Heinemann DESY Germany

Global renowned scientists and top laboratory or project leaders who have
ample experience in project management, planning, and execution of strategies
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IARC & IDRC

International Accelerator Review Committee

The 2021 CEPC International Accelerator Review 2021 Second CEPC IARC Meeting
Committee .
« Philip Bambade, LAL Review Report B
¢ Marica Enrica Biagini (Chair), INFN May 19, 2021
e Brian Foster, DESY/University of Hamburg & Oxford .
Institution Board . . / Y g Overview design of the
University i

o
The CEPC International Accelerator Review Committee was held remotely Report (TDR) ph

o | n_S 00 KO, POS'[TEC H Gu t0the Covid-19 pandemic on May 11th and 12t 2021, Tis s the second

or in 2019, with a completion tar-
Review Committee

. IARC meeting.
: ¢ Eugene Levicheyv, BINP o, o
Steering Committee h International 3 The Circular Electron Positron Collider ( CEPC+SppC ) Study Group, well as with a future SppC.
. f " A ; The second 2021 CEPC International Accelerator Review Committce was
Advisory Committee o KO'fSUﬂObU Olde, CERN & KEK currently hosted by the Institute of High Energy Physics of the Chinese \ i due to the Covid-19 pandemic on October 11th to 14th 2021,
o s s Academy of Sciences, completed the conceptual design of the CEPC 4 otal of 22 talks were presented on a variety of topics.
¢ Anatolii Sidorin, JINR accelerator in 2018. As recommended by the CEPC Intemational Advisory
. Committee (IAC), the group began the Technical Design Report phase for the
International International [ ] STeI nar qu pneS, CER N CEPC accelerator in 2019, with a completion target year of 2022. Meanwhile 1 General comments
o = . an International Accelerator Review Committee (IARC) has been established o e CERC o . e
Accelerator Review oS project Director [ gl Detector R&D Review e Makoto T Obly ama. KEK 1o2xios o o et ot  GEPC soookreor doig,h RAD program, % COmes cngatles the CEPC tan o the etk prrst
Committee Committee ¢ the study of the machine-detector interface region, and the compatibility with R&D of the hardware comp ks very promising. The a
an upgrade to the t-tbar energy region, as well as with a future SppC. The first  the table of parameters for igh-luminosity e lattices
¢ Zhentang Zhao, SINAP i oo P koo o i Sk

IARC meeting took place in Beijing during the CEPC international workshop |

« Norihito Ohuchi, KEK
_p e Carlo Pagani, INFN-Milano

International Detector R&D Review Committee

v + +

e Valter Bonvicini, Italy, Trieste
« Ariella Cattai, CERN, CERN
« Cristinel Diaconu, France, Marseille
¢ Brian Foster, UK, Oxford
Project guided by International Accelerator and e Liang Han, China, USTC

: : e Dave Newbold, UK, RAL (chair)
Detector Review Committees composed of « Andreas Schopper, CERN, CERN

leading experts of this field « Abe Seiden, USA, UCSC
¢ Laurent Serin, France, LAL
o Steinar Stapnes, CERN, CERN
* Roberto Tenchini, Italy, INFN
¢ Ilvan Villa Alvarez, Spain, Santader
« Hitoshi Yamamoto, Japan, Tohoku
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Organization: toward construction & operation
g h

National
Funding Agencies

Institution Committee Natlonal_
Representatives

%

Coordination ‘ International
Committee Advisory Committee

International International
Accelerator Review Bon 4 project Director L gl Detector R&D Review
Committee Committee

Project Office

Embrace the International collaboration
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Engaging with theory community
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Support
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arge-Scale Acc. Facilities: High Energy Photon Source

beam energy 6 GeV, 1.36KM, < 0.06nm-rad, 14 beam lines

Carried out by IHEP, to be completed in 2025,
great training and preparation for CEPC: validate significant part
of CEPC technologies

Device type Accelerator Quantity CEPC specifications
S-band copper Linac 111 ~30 MV/m
accelerating tube
vacuum chamber Collider/ Total length Length: 6 m
and coating Booster 200 km aperture: 56 mm
vacuum: 3 x 1071 Torr
NEG coating pump speed for Hy:
0.5 L/s- cm?
BPM and All ~5000 Closed orbit
electronics resolution: 0.6 pm
kicker & fast pulser | Transport ~25 Pulse width <10 ns (strip-line)
line trapezoidal pulse width <250 ns (slotted-pipe)
Lambertson septum | Transportline ~20 Septum thickness <3.5 mm (in-air)
thickness <2 mm (in-vacuum)
Power supply All 9294 Stability 100-1000 ppm
RF-shielded Collider 24000 Contact force 125425 g/finger
bellows Booster /12000




Support by Platform of Advanced Photon Source

Support Key Technology R&D:

» SRF >» Magnet > Vacuum > Klystron > Electric Power Source » Cryogenic System

» Mechanical system & Alignment > e- gun
Facility: CEPC SCRF test facility (lab) is located in IHEP Huairong Area of 4500m”2

Waouum hemace (doping & anrening) Nb3Sn brmoce NeCuspsierrg dovice  Couty inepection rmer and grncer  0-.o08l cnaty pre-tuning machine

‘ I i” l

Tamnpetatrs & X3y Secood sound cavity Hodmneltr ool for VIR | sl s Honzontal test cryostat
TOPEINg Sysiem querch datecion systam cavily v sc! ket
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Large-Scale Acc. Facilities: China Spallation Neutron Source

CSNS Layout

80 MeV H- LINAC

One of the four pulsed Spallation
Neutron Sources in the world

RCS
62,50, 25Hz Construction completed in 2018

TARGET

REFFSMER RCS)

1 ; -
o
.
" r v -
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Budget and timeline
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Budget of R&D & Construction

Table 8.2: Two funding models of the CEPC

Funding model I (100 M CNY) Funding model IT (100 M CNY)
Central government 250 100
Local government 50 200
International contribution 60 60
Donations 0-35 0-35

Funding model: iteration and interaction with relevant entires,
especially Local Grovements. (Leading contributor)

International contribution: 20% according to convention.

7.1 Budget for the project design, R&D and construction
10/19/2022
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C E P C Status FCC Week, Paris

CEPC Accelerator TDR

>
>

>
>

Consistent TDR high luminosity parameter design as a Higgs factory

Key components with prototyping, technical feasibility demonstrated,
no technical show stopper

Design and R&D technical documentation (data, drawings, etc.)
CEPC accelerator TDR document release planned for 2023

CEPC Accelerator EDR Plan; ~Jan. 2023-Dec. 2025 preliminary

>

>
>
>

CEPC site study will converge to one or two with feasibility studies
(tunnel and infrastructures, environment)

Engineering design of CEPC accelerator systems and components

Site dependent civil engineering design implementation preparation

EDR document completed for government’s approval of starting
construction in 2026 (the starting of the “15th five year plan”)

There will be more discussions on the planning
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Site Selection
CEPC Site Selection

(Red are actively progressing forward)

ke ey Wikeszeftio

Comint

1) Qinhuangdao, Hebei Province

2) Huangling, Shanxi Province

3) Shenshan, Guangdong Province

4) Huzhou, Zhejiang Province

5) Chuangchun, Jilin Province

Multiple candidate sites & strong supports from Local Government
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Site Selection

CEPC Site Selection o VT Factors: geology, electricity supply,
o transportation, international-friendly, local
supports ...

2) Huangling, Shanxi Province

3) Shenshan, Guangdong Province

s i |
f gg;mﬂl-!ﬂ!"" -

July 5, 2021: Changsha Bureau of S&T entrusted Hunan U. to conduct a feasibility study.

Sept 4, 2021: Hunan U. organized a review by a committee of experts from multiple disciplines. The committee evaluated scientific potential of CEPC,
feasibility of a new science city based on CEPC, and overall impact on Changsha. The overall conclusion is very positive. The local government is
interested and very supportive to the CEPC project.

7.2 Cost-benefit evaluation of the project
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Cost Benefit performance

The Higgs boson is probably the most promising portal to the new physics. The CEPC is capable to provide the Higgs
data in 2030s, which can reveal potential discoveries & knowledges that are priceless to mankind. {(...)

The current CEPC design is optimized. Taking into account the balance of scientific requirements, technological
maturity, and advancement, cost-effectiveness, and other aspects, the CEPC accelerator is designed to have a
circumference of 100 kilometers and the compatibility of partial double-ring (Higgs) and double-ring (W/Z).

Compared to the FCC-ee proposed by CERN, CEPC reaches the similar performance with a much lower cost.

The CEPC not only perform excellent scientific exploration, but also provide strong boost to the technologies, and
serves as a highland for global talent training & cooperative innovations. It is of great strategics value with optimized
construction and operation cost.

Because of the excellent scientific program, the CEPC could attract significant International collaboration, which further
increases its cost-efficient.

The CEPC project is huge with lifetime of 40-50 years, and the city where it is located will build a science city based on
the CEPC, attracting thousands, if not tens of thousands, of scientists, engineers, and support personnel to live there,
considerably boosting local economic and technological growth. Multiple local governments shows strong interests to
host CEPC.
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summary

CEPC will address most pressing & critical science problems

« Science Merit: The CEPC enables exploration to the most important questions of contemplate particle physics.

Though large amount of Higgs, Z, W bosons produced in an extremely clean environment, CEPC can search for
new physics in an energy scale higher than HL-LHC and current boundaries by one order of magnitude or more.

CEPC adds enormous strategic values, has many

advantages, will be in a leading position if realized

Stategical Value & Comparative advantages in International Competition: The scientific importance and
strategical value of CEPC, or in general electron positron Higgs factories are well identified by Global Particle
Physics community. Among multiple Higgs factory proposals, the CEPC has strong comparative advantages, and

can be the first to deliver data in 2030s. . . . .
CEPC design-technologies reaching maturity, great upgrade

options offered, plus many added values and benefits
Maturity, Upgradibility & Added value: The CEPC performs intensive R&D, pushing multiple critical
technologies to the state-of-art level. Its antipate performances is among the best of future proposals. The CEPC
can be upgraded in several highly valuable ways that further strengthen its discovery power, providing high-impact
science program spans for decades. The CEPC wil bring series of technological innovations, and has strong
synergies with scientific research at other disciplinaries, especially through high energy gamma synchotron light
source.

76



10/19/2022

sSummary

Strong-experienced team, IHEP support and international
cooperation are there or to be implemmented to bring
CEPC to fruition
Team, Current Support & International Collaboration The CEPC is well support by the international
community, the host lab, and relevant projects. The CEPC study group completes the Design of CEPC accerlerate
and detectors, assembled a team of highly professional scientific & engineering staff, and will soon complete the
R&D. The CEPC study group is well-positioned to realize and operate this project, and is capable to establish
International collaborations to achive its scientific goals.

CEPC schedule follows China’s 5-year planning;
expects to complete R&D and preparation to build

CEPC and carry out the science program
Timeline: We propose to commence the construction ot the CEPC during China’s 15th Five-year plan (2026 -
2031), and complete, commission, and operate the CEPC during the 16th Five Year plan (2031 - 2036). The
maturity of CEPC R&D meets this proposed timeline. Firm connections has been established to the indusrial,
facilate the future mass production and construciton of CEPC.

CEPC will position China to be a leading position in

particle physics and contribute to the world in a major way
The CEPC meets the natioanl positioning on basic science, and will significantly promotes China in the

international community of Paritcle Physics research.
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