
XinChou LOU

IHEP, Beijing

The Circular Electron Positron Collider
A factory of Higgs, Z, W, hadrons, QCD and “new physics”
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From J to the Higgs
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From J to the Higgs

 The discovery of the J particle in 1974 has inspired many of us for half of a century

 Through the J/y great advances have been made in particle physics
establishing the quark and lepton family, QCD, 
XYZ family of new forms of hadrons discovered through the J/y

discovery of the CP violation in B through B→J/yKs

probing QCD via J/y production in e+e- and pp collisions
……

 The BES(-II,III) experiments at the BEPC(-II) (J/y data is one of the center pieces) 
carried out successful physics programs
trained generations of scientists
benefited Chinese light source projects; many applications derived
brought large scale international collaboration on science to China
continues to yield critical insights into nature
……

Where do we go from here (BEPC) in China?
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From J to the Higgs

Observed Higgs boson consistent with SM → masses of fermions ~ Higgs

Much higher precisions will rely on future e+e- Higgs factory

Symposium on 50th Anniversary - the Discovery of the J Particle
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From J to the Higgs

The Higgs boson (mass ~125 GeV) presents us an outstanding opportunity 

The Higgs 
may be a portal to new physics
may connect us to dark matter
……

The Higgs 
is related to many important issues in the Universe

Circular e+e- Collider Higgs Factory (CEPC)

Symposium on 50th Anniversary - the Discovery of the J Particle

Christophe Grojean



What is CEPC?

Where do we stand?
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What is CEPC?

Factory of

4 Million Higgs

4 Trillion Z bosons

200 Million W+W- pairs

600K 

• The idea of CEPC was proposed in Sep. 2012, and 

quickly gained the momentum in IHEP and in the world.

• A Higgs factory - to run at 𝑠 ~ 240 GeV, above the ZH

production threshold for ≥1 M Higgs; at the Z pole for ~Tera Z;    

at the W+W- pair and then 𝒕  𝒕 pair production thresholds. 

To probe new physics beyond SM

• The CEPC aims to start operation in 2030’s, in China. 

𝒕  𝒕 pairs 

A large electron-positron collider at 91–360GeV, with detectors, for discovering new physics

Symposium on 50th Anniversary - the Discovery of the J Particle
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What is CEPC?

 CEPC complex comprises of a Linac,

a 100 km booster and a collider ring

 Circular collider: Higher luminosity>linear collider

 100km circumference: Optimal total cost

 Switchable operation: Higgs, W/Z, top

e+e-→
final states

An advanced, versatile and upgradable accelerator for enabling discoveries 
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What is CEPC?

Christophe Grojean

e+e- Higgs
factory

A factory of clean Higgs, Z, W, hadrons, QCD and “new physics”

unkowns
secrets
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CEPC team took steps to advance

http://cepc.ihep.ac.cn 

2013 

20232018

2015

2024

What is CEPC?

Symposium on 50th Anniversary – the Discovery of the J Particle



CEPC Accelerator TDR Published
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CEPC accelerator TDR was completed and 

formally released on December 25, 2023

CEPC accelerator TDR link:（arXiv： 2312.14363）

Distribution of CEPC Project total TDR cost 

of 36.4B RMB  (~ 5B €)

published in
RDTM Vol.8 
June 2024

CEPC Accelerator TDR Review
June 12-16, 2023, Hong Kong

CEPC Accelerator TDR Cost Review
Sept. 11-15, 2023, Hong Kong

Domestic Civil Engineering
Cost Review, June 26, 2023, IHEP

9th CEPC IAC 2023 Meeting
Oct. 30-31, 2023, IHEP

1114 authors

278 institutes

（159 foreign institutes）
39 countries

1090 pages

Symposium on 50th Anniversary – the Discovery of the J Particle

http://cepc.ihep.ac.cn/CEPC_tdr.pdf
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What is CEPC?

CEPC compared with FCC
early start (2030s vs 2040s)
larger ring size
lower cost

CEPC compared with ILC
higher Luminosity (Z-H-W)
upgradable to pp to reach 100 TeV

Luminosity/IP (CEPC vs. FCC-ee)Mature e+e- Higgs factory options world wide

Symposium on 50th Anniversary – the Discovery of the J Particle

Advantages of CEPC compared to other Higgs factories

W. Chou
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What is CEPC?

R&D and Validation  key technology R&D spans all 

component for CEPCready for construction by 2027-8

HEPS just completed by IHEP

Key Technologies for the CEPC

Accelerator R&D and validations of technologies since 2013
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What is CEPC?

Vertex detector

particle ID +main tracker

Detector R&D and validations of technologies since 2013
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What is CEPC?

Detector R&D and validations of technologies since 2013

EM + hadron colarimeters：prototypes

software

new crystal EM calorimeter for better resolution
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What is CEPC?

Future development
• CAS is planning for the 15th 5-years plan for large science projects, and a steering 

committee has been established, chaired by the president of CAS

• High energy physics, as one of the 8 groups, accomplished the following:

• Set up rules and the standard (based on scientific and technological merits, strategic value and 
feasibility, R&D status, team and capabilities, cost-benefit, etc.), established domestic and 
international advisory committees

• Collected 15 proposals and selected 9, based on the above-mentioned standard

• Evaluations and ranking done by committees after oral presentations by all projects 

• CEPC is ranked No. 1, with the smallest uncertainties, by every committee



Can We do it?

Can we build the CEPC and carry through the scientific program?
 The science 
 The technology and capability
 The cost
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Pressing science questions, best addressed by an e+e- Higgs factory (~1% precision) 

Naturalness will be at ~10-4 up to 10 TeV
If no New Physics up to 10 TeV, there will be no 
naturalness  even bigger discovery ?

Understanding the science and identifying the opportunities

Symposium on 50th Anniversary – the Discovery of the J Particle

Can We Do It? The science 
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Scientific Significance quantified by CEPC physics studies, via full simulation/phenomenology studies: 

• Higgs: Precisions exceed HL-LHC ~ 1 order of magnitude.

• EW: Precision improved from current limit by 1-2 orders.

• Flavor Physics, sensitive to NP of 10 TeV or even higher. 

• Sensitive to varies of NP signal.

• …

+ o(100) journal/arXiv papers 

CEPC Higgs White Paper

Symposium on 50th Anniversary – the Discovery of the J Particle

Can We Do It? The science 

Understanding the science and identifying the opportunities

CEPC CDR
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CEPC targets a major breakthrough in basic research, will greatly expand our understanding of the world.

Understanding the science and identifying the opportunities

CEPC CDR

Can We Do It? The science 

 CEPC team and collaborators evaluated physics performance
 More Higgs/Z data as result of optimized TDR, phys. performance being updated, and will be better
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Can We Do It?
The technology and 

capability

BEPCII/HEPS prepared CEPC; CEPC R&D outcomes used in BEPCII and HEPS
Yuhui LI

Symposium on 50th Anniversary - the Discovery of the J Particle
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Can We Do It?
The technology and 

capability

Symposium on 50th Anniversary - the Discovery of the J Particle
Exceeds the CEPC specifications

Accelerator R&D and validations of technologies since 2013
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Can We Do It?
The technology and 

capability

Symposium on 50th Anniversary - the Discovery of the J Particle

Accelerator R&D and validations of technologies since 2013
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Can We Do It?

Photo credits: CEPC

Rising HEP scientists in China
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Can We Do It?

international experts reviewing TDR study
(June 2023)

Accelerator Review (October 2021)

photo credits：Yaru Wu

IAC meeting  (Nov. 2021)

Global collaboration

Symposium on 50th Anniversary - the Discovery of the J Particle
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Can We Do It?

Symposium on 50th Anniversary - the Discovery of the J Particle

Industrial Partners and Suppliers
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Can We Do It?
The technology and 

capability

“The key technologies for CEPC have been 
developed. Prototypes meeting or exceeding the 
specifications are available. The CEPC team is on 
track to launch an engineering-design effort. After a 
site has been selected, the construction of the CEPC 
could start in 2027 or 2028. The Committee endorses 
this plan.”

“The Committee wishes to congratulate the CEPC 
team on the excellent progress. The Committee is 
impressed by the amount and quality of the work 
performed and presented.”

Report by the CEPC accelerator TDR review committee

Symposium on 50th Anniversary – the Discovery of the J Particle



29

Can We Do It?
The technology and 

capability

“We are now confident 
this is a real machine 
that we can build,” says 
Wang，“We are trying to 
make sure we are fully 
ready for such a project,”

says Zimmermann, who 
chaired the review 
committee for the CEPC’s 
technical-design report 
and is also involved in 
the FCC. “They made big 
progress” 

. “If they want to 
build the accelerator 
and move forward, they 
can.” Cohen, a member 
of the CEPC 
International Advisory 
Committee

Symposium on 50th Anniversary - the Discovery of the J Particle
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Can We Do It? The Cost

CEPC is in good synergy with other accelerator projects in China

Total other accelerators under construction/planned in China  ~39B RMB
more than the cost of CEPC
mostly completed/near completion when CEPC starts
technologies & industrial infrastructures well prepared for future projects
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Can We Do It? The Cost

“少建300公里高速公路就可以建设CEPC了”

I overheard a person of importance recently

According to Baidu Ai智能回答（Ai chat):

the cost of building highway (高速公路) in China is 100-300M RMB/km，
so the cost of CEPC is ~ a few hundred km of highway.

The total length of highway (高速公路) in China as of Feb-2024 is 184,000km,  
the longest among all the countries in the world.

His words make real sense, plus we can not build highway forever

Let’s build a CEPC



Going Forward

Technical design of the detector
Engineering Design Study
Global collaboration
Realizing CEPC - a flagship facility in China; an early Higgs factory for 

the world
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Going Forward

CEPC Accelerator EDR Phase goals, scope and the working plan (preliminary)  of 35 
WGs summarized  in a   documents of 20 pages to be reviewed by IARC in 2024

CEPC Accelerator Engineering Design Study has begun

Symposium on 50th Anniversary - the Discovery of the J Particle
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Going Forward
CEPC Accelerator EDR
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Going Forward
CEPC Accelerator EDR
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Going Forward

 The CEPC group will produce the TDR of a reference detector (ref-TDR) by June 2025.

 An international review committee has been formed to guide and review the design.

 CEPC will continue to adopt better technologies; final detectors will be determined by 
international detector collaborations

Foundations: 
• CEPC Instrumentation R&D
• LHC detector upgrade projects
• other HEP experiments
• progress in HEP worldwide R&D
• development in industry

CEPC is integrating the instrumentation technologies into a new detector system
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Summary

Symposium on 50th Anniversary - the Discovery of the J Particle

CEPC

 is on the path to converge into a complete package

 detector Ref. TDR will be a crucial part of the overall readiness

 is committed to strive to maximize international collaboration

 has received great help from international scientists and labs 

 is making strong effort to complete a proposal to the 
government for approval

 will offer the HEP community an early Higgs factory if successful
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