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Circular Electron Positron Collider (CEPC) Overview
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CEPC is an e+e- Higgs factory producing Higgs, W and Z bosons 
aims at discovering new physics beyond the Standard Model

Proposed to commence construction in ~2026 and deliver Higgs data in 2030s

IP 2

IP 1
Changchun

Qinhuangdao

Huzhou

Shenshan

Changsha

Huangling

Potential CEPC Sites

CEPC circumference ~ 100 km

Upgrade path
1. Higher energy → top quark pair production  
2. Super pp Collider (SppC) at  > 100 TeV

Proposed in 2012 right after the Higgs discovery



CEPC Major Milestones

4

CEPC CDR Released (2018.11)

CEPC-SPPC Kickoff (2013.9) CEPC IAC Meeting (2015)
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CEPC action plan since CDR

Public release: November 2018

arXiv: 1809.00285 arXiv: 1811.10545

Since 2019

Cement project with 
R&D towards:

(1)  Accelerator TDR, planned 
for 2023 

(2)  Detector technologies 
development and 
establishment of seeds for 
International 
Collaborations

Identify challenges and 
devise solutions

First for a circular e+e- Higgs factory

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


CEPC Physics Program
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• Precision Higgs, EW, flavor physics & QCD measurements  
• BSM physics (eg. dark matter, EW phase transition, SUSY, LLP, …. ) up to ~10 TeV scale

CEPC physics studies continued 
via full simulation and 

phenomenology studies

+ O(100) journal/arXiv papers 

CEPC Higgs White Paper



CEPC Physics Program: Higgs and EW
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 CEPC can reveal new physics  
at energy ~10 TeV  or higher
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Discovery Potential for New Physics
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Discovery Potential for New Physics
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Higgs decays into BSM particles, H → X1X2

CEPC has significantly better detection sensitivity for  
dark matter and selected Higgs exotic decays than HL-LHC



Circular Electron Position Collider (CEPC) - TDR Layout

CEPC	collider	ring	(100km)
CEPC	booster	ring	(100km)

H/tt-bar

W	and	Z

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

Injection	energy	30GeV

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

CEPC	Civil	Engineering

CEPC	TDR	S+C-band	30	GeV	linac	injector
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Common tunnel for booster/collider & SppC



CEPC TDR Parameters (upgrade version) 
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Cost optimization vs. circumference

D.	Wang	et	al	2022	JINST	17	P10018

Higgs W Z ttbar
Number of IPs 2
Circumference [km] 100.0
SR power per beam [MW] 50
Energy [GeV] 120 80 45.5 180
Bunch number 415 2161 19918 59
Emittance (εx/εy) [nm/pm] 0.64/1.3 0.87/1.7 0.27/1.4 1.4/4.7
Beam size at IP (σx/σy) [um/nm] 15/36 13/42 6/35 39/113
Bunch length (SR/total) [mm] 2.3/3.9 2.5/4.9 2.5/8.7 2.2/2.9
Beam-beam parameters (ξx/ξy) 0.015/0.11 0.012/0.113 0.004/0.127 0.071/0.1
RF frequency [MHz] 650
Luminosity per IP[1034/cm2/s] 8.3 27 192 0.83

Main Parameters:  
High luminosity as a Higgs Factory

50 MW and 100 km ring a cost effective solution for a higgs, W, Z and top machine



CEPC Physics Program
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CEPC	Operation	mode ZH Z W+W- ttbar

~	240 ~	91.2 ~	160 ~	360
Run time [years] 7 2 1 -

CDR	
(30MW)

L	/	IP	[×1034	cm-2s-1] 3 32 10 -

 [ab-1, 2 IPs] 5.6 16 2.6 -

Event yields [2 IPs] 1×106 7×1011 2×107 -

Run	time	[years] 10 2 1 5

Latest	
(50MW)

L	/	IP	[×1034	cm-2s-1] 8.3 192 27 0.83

 [ab-1, 2 IPs] 20 96 7 1

Event	yields	[2	IPs] 4×106 4×1012 5×107 5×105

Large physics samples: ~106 Higgs, ~1012 Z, ~108 W bosons, ~106 top quarks

Physics potential similar to FCC-ee, ILC, CLIC



Consensus in HEP community for an e+e- Higgs factory

2013, 2016: the CEPC is the best approach and a 
major historical opportunity for the national 
development of accelerator-based high-energy 
physics program.

The scientific importance and strategical value of an electron positron Higgs factory is clearly identified.

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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Comparison with other international e+e- Higgs factories

• Earlier data: collisions expected in 2030s (vs. ~ 2040s);  

• Larger tunnel cross section（ee, pp coexistence) 

• Lower cost: ~1/2 the construction cost with similar 
luminosity up to 240 GeV

13

CEPC has strong advantages among mature electron-positron Higgs factories (design report delivered)

• Higher precision with more Higgs & Z; 
potential for proton collider upgrade

Versus FCC-ee Versus linear colliders

CEPC accelerator white paper for 
Snowmass21, arXiv:2203.09451



Accelerator developments
See Gao Jie’s talk this morning for details



Innovations and technology breakthroughs in CEPC
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	Innovative	Design

➢ 100km	Full/Partial	Double	Rings	
➢ Switchable	operation	for	Higgs,	W	and	Z	
➢ Flexible	injection	modes	to	satisfy	different	energies	
➢World’s	1st	design	of	a	high	energy/flux	gamma-ray	synchrotron	light	(300	MeV)

Technical	Performance

➢ High	efficiency	Klystron	(aim	at	highest	transfer	efficiency)	
➢ High	performance	SRF	cavities	(state-of-the-art	Q	and	gradient)	
➢ Novel	magnets:	Weak	field	dipole,	dual	aperture	magnets	(First	Qualified	

Prototype)

Major	Technology	
Breakthrough

➢ Plasma	wakefield	acceleration	for	Injector	(New	Acceleration	Principle)	
➢ High	field	superconducting	magnet	(Iron	based	HTS	proposal)

Innovative designs and key technology R&D fulfill the challenging requirement



e+e- circular collider as a high lumi. Higgs 
factory

DesignGOAL

10/17/2022

Workable 100km accelerator design for all operation modes – completed
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Switchable operation for Higgs, W, Z and 
Top runs

A green machine with a maximum  
Luminosity

• Complete acc. design w. latest ideas
• Lattice optimization for all energies
• Sufficient DA for all energies
• Beam-beam & collective instability

ttbar:	εx=1.4nm,	β=1.04m/
2.7mm

Higgs:	εx=0.64nm,	β=0.33m/
1mm

W:	εx=0.87nm,	β=0.21m/
1mm

Z:	εx=0.27nm,	β=0.13m/
0.9mm

Requirement	met	(w/error):		
	8𝜎𝑥 × 15𝜎𝑦 × 1.7% 

Dynamic Aperture (DA) optimization

Lattice for all energies

Beam-beam effect study



• High efficiency klystron
• High Q SRF cavity
• Novel magnet
• PWFA injector
• HTS high field magnet

CEPC accelerator technical performance
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Status

• Current eff.>70%, aim at 80%  
• Exceeds CEPC requirement
• CEPC requirement met
• Design positron acceleration 

scheme, >10GeV beam
• HTS with IBS

Selected Leading Technologies

Fast development of IBS materialPWFA as an alternative Linac injection

Key Technology



CEPC accelerator key technologies under R&D
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	Accelerator Cost	(billion	CNY） Ratio	

											Magnets 4.47 27.3%

											Vacuum 3.00 18.3%

											RF	power	source 1.50 9.1%

											Mechanics 1.24 7.6%

											Magnet	power	supplies 1.14 7.0%

											SCRF 1.16 7.1%

											Cryogenics 1.06 6.5%

											Linac	and	sources 0.91 5.5%

											Instrumentation 0.87 5.3%

											Control 0.39 2.4%

											Survey	and	alignment 0.40 2.4%

											Radiation	protection 0.17 1.0%

											SC	magnets 0.07 0.4%

											Damping	ring 0.04 0.2%

✓ Specification Met 

✓ Prototype Manufactured



CEPC TDR: R&D Status of Key Technologies 
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CEPC accelerator critical components
State-of-the-art: Key Components

Power	vs.	Efficiency

0.0%

20.0%

40.0%

60.0%

80.0%

70 80 90 100 110

650MHz SRF cavity

High efficiency klystron

Weak field dipole

100km Acc. Alignment & Installation R&D

Control Point
Backbone Network

Tunnel Control Network

Acc. Unit Pre-alignment Multi Functional Alignment Instrument

Efficient	alignment	scheme	+	instrumentation	R&D	
to	guarantee	the	installation	within	4	years

20



IHEP New SCRF Lab (PAPS) in Operation
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Facility: CEPC SCRF test facility (lab) is located in IHEP Huairou Area of 4500 m2 

New SC Lab Design (4500m2) SC New Lab (PAPS) has been put to operation in June 2021



CEPC Site Selection: Changsha Site as example

22



Detector developments



CEPC Detector Concept Designs

24

New

CDR



The 4th Conceptual Detector Design
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Det Technology Det Technology

JadePix Crystal ECAL

TaichuPix Si+W ECAL

Arcadia Scint+W ECAL

CPV(SOI) Scint AHCAL

Stiching ScintGlass AHCAL

TPC RPC SDHCAL

CEPCPix MPGD SDHCAL

Drift chamber DR Calorimeter

PID DC Scintillation Bar

LGAD RPC

Silicon Strip µ-Rwell

SiTrk+Crystal ECAL

SiTrk+SiW ECAL

C
al

or
im

et
er

M
uo

n
Lu

m
i

P
ix

el
 V

er
te

x
Tr

ac
ke

r 
&

 P
ID

Technologies

w/TOF outer layer



CEPC R&D: Machine Detector Interface (MDI)
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CEPC R&D: Silicon Pixel Sensors
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CEPC R&D: Vertex Detector Prototype
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Low-mass vertex detectors require sensors with:
integrated readout electronics 
low power consumption{

TaichuPix3 chips at IHEP Ladder wire bonding preparations Assembly tooling designed

Produced by TowerJazz, 
in collaboration with 
IFAE, Spain

Full vertex detector prototype test beam planned for DESY December 2022

Chip working well



CEPC R&D: Silicon Tracker design 
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BASELINE TRACKER LAYOUT

26-28 October 2020 Overview CEPC Silicon Detectors, H. Zhu (IHEP) 3

• Time Projection Chamber (TPC) +“Silicon Envelope” adopted from ILD

Gas 
Tracker

Optimization: tracker layout taskforce 



Silicon tracker demonstrator with international partners
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ATLASPIX3

26-28 October 2020 Overview CEPC Silicon Detectors, H. Zhu (IHEP) 16

• Depleted CMOS sensor
• Fully integrated readout
• Fast charge collection
• Low material budget

ATLASPix3

More details in Ivan Peric’s talk

• Pixel size 50×150 μm2

• Reticle size 20×21 mm2

• TSI 180 nm HV process on 200 Ωcm substrate
• 132 columns × 372 rows
• Digital part of the matrix located on periphery
• Both triggerless and triggered readout possible
• Up to 1.28 Gbps downlink

ATLASPIX3 FEATURES:
Sensors and DAQ boards distributed
to participating institutes

International collaboration Start by using components developed 
for other projects

Migrate to a new  process: HLMC 55 nm HV-CMOS 

smaller pixel size 
(25×150 μm2) 

HV-CMOS Tracker Demonstrator

Test beam at DESY in April 2022



CEPC R&D: Particle Identification: Drift Chamber (dNcl/dx) + TOF

31

Cluster counting potentially a factor ~2 better than dE/dx,  
but requires fast electronics and good counting algorithms 

Work on-going in Italy and IHEP 
Cluster counting regular meetings, led by Franco G. and Linghui 
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CEPC R&D: Scintillating Calorimeters (ECAL, AHCAL)
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Test beam at CERN SPS on-going, together with CALICE



CEPC R&D: Scintillating Calorimeters (ECAL, AHCAL)
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Test beam at CERN SPS on-going, together with CALICE

Combined ScW-ECAL and AHCAL test beam



CEPC R&D: High Granularity Crystal ECAL

35

New segmented ECAL designs based on crystals

Dual Readout Crystal Calorimeter also being consider by USA and Italian colleagues

• Long bars: 1 × 40 cm 
• Super-cell: 40 × 40 cm cube 

• Double-sided readout 
• Timing at both sides, gives position along bar 

• Key concerns: 
• Ambiguities in separation of close showers 
• Impact on Jet Energy Resolution (JER)

Crystal Fan Design

• Fine segmentation in Z, 𝜙 and r 
• Resolutions (mm) : Z ~ 1 ; 𝜙 ~ 2; r ~ 8 
• Reduced readout electronics channels 



CEPC R&D: High Granularity Crystal ECAL
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CEPC Software migration to Key4hep
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CEPCSW: a first application of 
Key4hep — Tracking Software 

Key4hep, an international 
collaboration with CEPC 

participation 

• Silicon tracks 
• TPC 
• Drift chamber



Project global aspects



Synergies: IHEP experience with large scientific projects

• IHEP is one of the few institutions in the world that can host 
a project like the CEPC: 
• It has rich management experience and successful constructed 

many large scientific facilities 

• It has full coverage of all technical disciplines for accelerators and 
detectors,  in particular for the design and construction of circular 
e+e- colliders (BEPCII) and the detectors (BESIII) 

• It has all needed infrastructure for the construction of large 
facilities 

• It has successfully hosted international projects such as BESIII, 
Daya Bay, JUNO, LHAASO, etc. 

39

BES III BEPC IIDayaBay HEPSCSNS

HXMT

LHAASO

JUNO



Funding for CEPC R&D
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CEPC R&D 
~ 50% cost of acc. 

components

BEPCII / HEPS 
~ 40% cost of acc. 

components

• CEPC received ~ 260 Million CNY for R&D, from MOST, CAS, NSFC, etc  

• Large amount of key technologies validated in other projects by IHEP: BEPCII, HEPS, …

~10% missing items consist of anticipated challenges in the machine integration, 
commissioning etc. and the corresponding international contribution 

➢ High efficiency klystron 
➢ 650MHz SRF cavities 
➢ Key components to e+ source 
➢ High performance Linac 
➢ Electrostatic Deflector 
➢ Cryogenic system

➢ Novel magnets: Weak field dipole, dual 
aperture magnets 

➢ Extremely fast injection/extraction  
➢ Vacuum chamber tech. 
➢ Survey & Alignment for ultra large Acc. 
➢ MDI

➢ High precision magnet 
➢ Stable magnet power source 
➢ Vacuum chamber with NEG coating 
➢ Instrumentation, Feedback system 
➢ Traditional RF power source 
➢ SRF cavities

➢ Electron Source, traditional Linac 
➢ Survey & Alignment  
➢ Ultra stable mechanics 
➢ Radiation protection 
➢ Cryogenic system 
➢ MDI



Industrial engagement (CIPC)

• CIPC, established in 2017, composed of ~ 70 high tech. enterprises, covers Superconducting materials, Superconducting 

cavities, cryomodules, cryogenics, Klystrons, electronics, power source, vacuum, civil engineering, etc. CIPC actively joins 

the Key technology R&D and prepares for the mass production for the CEPC construction 

• CEPC study group is surveying main international suppliers 

• CEPC strongly promote these relevant technology development (cost-benefit)
41



CEPC team
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• Institution Board: 32 institutes, top universities/institutes in China 
• Management team: comprehensive management experience at construction projects of 

BEPCII/CSNS/HEPS, and international projects of BESIII/Daya Bay/JUNO/… 
• Accelerator team: fully over all disciplines with rich experiences at BEPCII, HEPS…  
• Physics and Detector team: fully over all disciplines with rich experiences at BESIII, 

Daya Bay, JUNO, ATLAS, CMS, … 

117	accelerator	+	~300	detector	staffs	currently,	+		
~	400	from	BEPC/BESIII/JUNO/HEPS...once	CEPC	

approved	

Management	team

117
~300



International Committees
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IAC: global renowned scientists and top laboratory or project leaders  
who have ample experience in project management, planning, and execution of strategies, operating since 2015 

IARC & IDRC: leading experts of this field, provide guide to the project director



Budget for CEPC construction

• Cost estimated with two indpendent methods, agrees at 10% level 

• CEPC design relies on well studied, or mature tech. reducing uncertainties on cost estimation 

• Cost estimation for TDR phase is in progress 44

CEPC Cost estimation from CDR

CDR Cost: 
~1000 independent it

em
s a

dded up



CEPC Financial Model
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Funding Sources Funding Model #1 

（B RMB）
Funding Model #2  

(B RMB)
Central Government 25 10
Local Government 5 20
International contributions 6 6
Donations 0-3.5 0-3.5

Total required funding: 36 Billion RMB  (5 Billion CHF at today’s exchange rate) 

Funding model: Iteration and interaction with relevant entities, especially Local 
governments (leading contributors)
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Final remarks
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Key detector technologies R&D continues and many are put to prototyping

Next milestone: TDR in 2023

Several CEPC R&D detector projects reaching a successful conclusion
others are starting

CEPC accelerator R&D efforts progressing well towards TDR

International collaboration continues to be a main goal of the CEPC

CEPC R&D goals common to FCC-ee 

Engineering Design Report (EDR) Phase:Jan. 2023-Dec. 2025
EDR document completed for government’s approval of starting construction around 2026  

(the starting of the “15th five year plan” of China)

Welcome to join the CEPC effort, or both CEPC and FCC-ee where synergies are plentiful



The End



Extra Slides



Accelerator Design, R&D and Maturity



Funding breakdown for Accelerator R&D

51

	Accelerator Cost	(billion	CNY） Ratio	 CEPC	R&D BEPCII/HEPS

											Magnets 4.47 27.3% 20.0% 7.0%

											Vacuum 3.00 18.3% 10.0% 8.0%

											RF	power	source 1.50 9.1% 5.0% 2.0%

											Mechanics 1.24 7.6% N.A 6.6%

											Magnet	power	supplies 1.14 7.0% 0.5% 6.5%

											SCRF 1.16 7.1% 5.1% 2.0%

											Cryogenics 1.06 6.5% 3.0% 2.5%

											Linac	and	sources 0.91 5.5% 2.0% 2.5%

											Instrumentation 0.87 5.3% 2.3% 3.0%

											Control 0.39 2.4% 0.1% 0.5%

											Survey	and	alignment 0.40 2.4% 1.4% 1.0%

											Radiation	protection 0.17 1.0% 0.1% 0.2%

											SC	magnets 0.07 0.4% 0.2% 0.1%

											Damping	ring 0.04 0.2% N.A. N.A.

Total 49.7% 41.9%



CEPC TDR Parameters (upgrade version) 

52

CEPC accelerator white paper for 
Snowmass21, arXiv:2203.09451

Higher SR power of 50MW: 
Luminosity increase ~66%.



1)

2)

3)
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CEPC Site Selection

1)	Qinhuangdao,	Hebei	Province	(Completed	in	2014)	
2)	Huangling,	Shanxi	Province	(Completed	in	2017)	
3)	Shenshan,	Guangdong	Province	(Completed	in	2016)	
4)	Huzhou,	Zhejiang		Province	(Started	in	March	2018)	
5)	Chuangchun,	Jilin	Province	(Started	in	May	2018)	
6)	Changsha,	Hunan	Province	(Started	in	Dec	2018)

53

6

(Red	are	actively	progressing	forward)	

J.	Gao

2020/9: Qinhuangdao update

2019/12: Huzhou update

2019/08: Changsha update

2019/12-2020/1:  
Chuangchun update



Factors: geology, electricity supply, 
transportation, international-friendly, local 
supports …

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.



Other projects



CEPC Team @ LHC upgrade

ATLAS	ITK	strip	upgrade	
Module	prototyping	

ATLAS	HGTD	
Sensor	developed	by	IHEP

LHC	upgrade	Project	 Contribution	 IHEP	member	Leadership

ATLAS	high	granularity	timing	detector	
(HGTD)

~34%	modules	and	sensors		
(~2700	modules,	sensor	by	Chinese	foundry)	

Project	leader		
	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	m2	area)	silicon	module	
High	luminosity	LHC	upgrade Contributing	13	CCT	magnetic	

CMS	HGcal		
module	prototyping

HL-LHC	accelerator	CCT	magnet

56



China-CERN HL-LHC CCT Project

57

China will provide 12+1 units CCT superconducting magnets for the HL-LHC project



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

of CEPC technologies

Large-Scale Acc. Facilities: High Energy Photon Source

	beam	energy	6	GeV,	1.36KM,	≤	0.06nm·rad,	14	beam	lines

58



Support by Platform of Advanced Photon Source (PAPS)
■ Support Key Technology R&D:
 ➢ SRF  ➢ Magnet ➢ Vacuum ➢ Klystron ➢ Electric Power Source ➢ Cryogenic System
    ➢ Mechanical system & Alignment   ➢ e- gun

59



Large-Scale Acc. Facilities: China Spallation Neutron Source

快循环同步加速器（RCS）

靶站

■ One of the four pulsed Spallation Neutron Sources 
in the world

■ Construction completed in 2018

60



Detector



CEPC R&D: New HCAL with Scintillating Glass Tiles

62



Projects overview: R&D schedule

63

Total of 103 sub-tasks identified 
Summarized in 81-page document 
for the International Detector R&D Committee

Similar slide in Franco’s talk



Projects overview: R&D schedule

64



PBS Task	Name Team Faculty Postdoc Students Engineers
CEPC	Detector	R&D	Project

1 Vertex
1.1 Vertex	Prototype China+	internakonal	collaborators 21 17.2 3.5
1.2 ARCADIA	CMOS	MAPS INFN 55	people,	mostly	staff	INFN	and	University	Associates
2 Tracker
2.1 TPC	Module	and	Prototype IHEP,	Tsinghua 3 4 1
2.2 Silicon	Tracker	Prototype China,	UK,	INFN 50 4 5
2.3 Drim	Chamber	Acnvines INFN,	Novosibirsk 2.5 2.4 1.8 0.8
3 Calorimetry
3.1 ECAL	Calorimeter
3.1.1 Crystal	Calorimeter IHEP,	USA,	INFN 1.3 1.5
3.1.2 PFA	Sci-ECAL	Prototype USTC,	IHEP 1.9 2.5
3.2 HCAL	Calorimeter
3.2.1 PFA	Digital	Hadronic	Calorimeter SJTU,	IPNL,	Weizmann,	IIT,	USTC 2.1 1.8 2.6 0.3
3.2.2 PFA	Sci-AHCAL	Prototype USTC,	IHEP,	SJTU 2.3 0.8 4
3.3 Dual-readout	Calorimeter INFN,	Sussex,	Zagreb,	South	Korea 4.2 2.2 6.8 1.3
4 Muon	Detector
4.1 Scinkllator-based	Muon	Detector	 Fudan,	SJTU 1.2 2.1 0.2
4.2 Muon	and	pre-shower	µRWELL- INFN,	LNF 2 1.5 1 0.3
5 Solenoid
5.1 LTS	solenoid	magnet IHEP+Industry 2 0 1 0.5
5.2 HTS	solenoid	magnet IHEP+Industry 1.5 0 1 0.5
6 MDI
6.1 LumiCal	Prototype AC,	IHEP 1 1 2 1
6.2 Interackon	Region	Mechanics IHEP 0.5 0.3 1.5 2
8 Somware	and	Compunng IHEP,	SDU,	CERN,	INFN 7 2 3 0

Projects overview: FTE

65

Total FTE
156 12 56 16

7%

23%

5% 65%

Faculty Postdocs Students Engineers


