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Introduction and Reminder

• The discovery of the Higgs boson solidifies the Standard Model

• The Higgs boson provides rare opportunities to probe new physics

• The e+e- Higgs factory is called for

• Such a Higgs factory can also be a factory for top, Z and W

• CEPC covers the Higgs, Z, W and the top

• CEPC can be upgraded to a ~100 TeV pp collider in future

• The CEPC Study Group – design + R&D since Sept. 2013
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The cases for high energy e+e- colliders

LHC –
• large Higgs 

cross section
• 150M Higgs per 

exp.

• dominated by 
QCD events

• S(H)/B(All) 10-10

• Pile-up and jet 
overlap

• Not knowing 

H H initial(P ,E )

e+e- collider –
• Higgs cross 

section, predicted 
with (sub)% levels

• Know                    
allowing for recoil 
mass reconst.

• Clean events

• low Higgs cross 
section

H H initial(P ,E )

Precisions on H
couplings

~(5-10)% 
expected

Precisions on H
couplings

~1%  or less 
expected

2 2 2
ZH→FS Z

M =( S-E ) -|P |

unbiased H sample can be selected by way 
of recoil mass  against the Z boson



Year

1972
SPEAR&BNL: 𝐬 ≃ 𝟗𝟎 𝐆𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟎

(𝒆+𝒆− colliders) (𝐩𝐫𝐨𝐭𝐨𝐧 𝐚𝐜𝐜𝐞𝐥𝐞𝐫𝐚𝐭𝐨𝐫𝐬)

(𝑱/𝝍,c-quark, t …)

CESR: 𝐬 ≃ 𝟏𝟎 𝐆𝐞𝐕
1980

1990

1988
LEP/CERN: 𝐬 ≃ 𝟐𝟎𝟎𝐆𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟐
(Z, W bosons,…)

1994

BEPC: 𝐬 ≃ 𝟐 − 𝟓 𝐆𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟏
(𝜏 −charm,…)

BEPCII: 𝐬 ≃ 𝟐 − 𝟓 𝐆𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟑
(𝜏 − charm,…)

2006

VEPP-4: 𝐬 ≃ 𝟏. 𝟓 − 𝟐. 𝟎𝐆𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟑
(𝜏 mass, charmonium,…)2002

SuperKEKB: 𝐬 ≃ 𝟏𝟎 𝐆𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟓
(B physics…)

KEKB: 𝐬 ≃ 𝟏𝟎. 𝟓 𝐆𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟒
(B-quark, CP violation, CKM…)

2018

?

Top

LHC/CERN: 𝐬 ≃ 𝟑 − 𝟏𝟑 𝐓𝐞𝐕, 𝓛 ≃ 𝟏𝟎𝟑𝟑

Higgs,…

W, Z,…

Fermilab: 400GeV p on Cu, Pt

Bottom,…

1999

The cases for high energy e+e- colliders

We are due for 
a HE e+e- collider

KEKB/PEP-II

FCC-ee (H,t, Z,W…)

Tevatron

SPS/CERN

LEP/CERN, SLC/SLAC
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The Concept of CEPC

𝒆+𝒆− Higgs (Z) factory

Ring length ~ 100 km

IP 1

IP 2

The idea of CEPC followed by a possible Super proton-proton Collider 

(SppC) was proposed in Sep. 2012.

– Looking for Hints@e+e-Collider  If yes, direct search@pp collider

– The tunnel can be re-used for pp, AA, ep colliders up to ~ 100 TeV
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Introduction

CEPC CDR Released (2018.11)

CEPC-SPPC Kickoff (2013.9) First CEPC IAC Meeting (2015.9)

CEPC team took steps to advance
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Global HEP Consensus on Higgs Factories
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• Electron-positron Higgs factories identified as top priority for future collider (ESPPU).

• CEPC has strong advantages among mature electron-positron Higgs factories (design report delivered), 
• Earlier data: collision expected in 2030s (vs. FCC-ee ~ 2040s), larger tunnel cross section（ee, pp 

coexistence)

• Higher precision vs. linear colliders with more Higgs & Z; potential for proton collider upgrade. 

Circular or Linear?

Z

H

WW

tt

CEPC TDR
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Physics at CEPC

• Probing new physics to 10 TeV (direct-indirect) 

• Unprecedented precision on EW and QCD

• Rich flavor physics

• With a future 100 TeV pp collider,  fully testing SM and 
extending search for NP to the limit

• Theoretical developments crucial and exciting
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Pressing science questions, best addressed by an e+e- Higgs factory (~1% precision or better) 

Higgs Factory – Great Scientific Value

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 ?

CEPC CDR
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Direct and indirect proble to new 
physics up to 10 TeV, an order of 
magntitude higher then HL-LHC

Higgs coupling 
measurement can be 
improved by orders 
magnititude 

Electroweak 
measurement can be 
improved by
a large factor

Physics white papers published 

and to be published 

Physics at CEPC 
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Physics at CEPC 

CEPC: to reveal new physics 
at energy ~10 TeV

CEPC CDR



14

CEPC Status and Progress

• CEPC CDR released in 2018, outlining the R&D program

• Design improvement, R&D continuously pursued since

• Benefitted from constructing an advanced light source, 
operation experience of the BEPCII

• Majority of R&D completed

• Accelerator TDR released in December 2023

• CEPC is for the worldwide HEP community, and the CEPC 
Study Group actively engages in international collaboration
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CEPC Concepts

March 9, 2024
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CEPC Layout and Design Essentials

Common tunnel for 
booster/collider & SppC

Switchable operation for Higgs W and Z
 Circular collider: Higher luminosity than a linear collider

 100km circumference: Optimal total cost

 Shared tunnel: Compatible design for CEPC and SppC

 Switchable operation: Higgs, W/Z, top

 Accelerator complex comprised of a Linac, a 100 km 

booster and a collider ring

Baseline: 100 km, 30 MW; Upgradable to 50 MW, High Lumi Z, ttbarMarch 9, 2024
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CEPC Operation Plan

Particle
Ec.m.

(GeV)
Years

SR 
Power
(MW)

Lumi. /IP
(1034cm-2s-1)

Integrated 
Lumi. /yr

(ab–1, 2 IPs)

Total 
Integrated L 
(ab–1, 2 IPs)

Total no. of 
events

H*
240 10

50 8.3 2.2 21.6 4.3  106

30 5 1.3 13 2.6  106

Z
91 2

50 192** 50 100 4.1  1012

30 115** 30 60 2.5  1012

W
160 1

50 26.7 6.9 6.9 2.1  108

30 16 4.2 4.2 1.3  108

𝑡  𝑡
360 5

50 0.8 0.2 1.0 0.6  106

30 0.5 0.13 0.65 0.4  106

**   Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection. 

*     Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs. 

March 9, 2024
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SRF System Design and Upgrade Plan

 SRF layout and parameters are designed to

meet physics requirements;

 Starting from Higgs, H/W/Z/ttbar can be

switchable

 RF system design optimized for Higgs 30/50

MW. Power and energy can be upgraded by

adding cavities, RF power sources, cryogenic

plants and other systems

 Use dedicated high current 1-cell cavity for 10-

50 MW Z. Solve the FM & HOM CBI problems.

H/W/Z/ttbar bypass scheme

March 9, 2024
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CEPC R&D Program

……
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A New Lab at IHEP for SRF system(PAPS)

 A gift by the city of Beijing, next to HEPS
 A cryogenic system with 2.5KW@4.5K or

300W@2K
 Ovens and clean rooms for cavity production
 2 horizontal and 3 vertical SRF test stand
 ~200 SRF cavities/year
 Testing of klystrons, electron guns, magnets,

etc., and NEG coating of vacuum pipes
 ATF in the future

March 9, 2024
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CEPC R&D: 650 MHz SRF Cavities for collider

 First three 2-cell cavities based mainly 
on BCP shows reasonable performance

 Recent 1-cell cavity based on cold-EP 
and Mid-temperature baking achieved 
the world best results, exceeding CEPC 
spec. 

 Continue to develop multi-cell  cavities

Vertical test of 650 MHz 1-cell cavity

baking

EP

V-test
March 9, 2024
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CEPC R&D: 1.3 GHz SRF Cavities for booster

• Mid-T baking (O-doping) VS N-doping: higher
Eacc & Q, simple process, less EP. 

• Excellent results obtained, exceeding 
requirements by CEPC, SHINE, LCLS-II, etc.

• ILC type of cavity with higher Eacc is also 

under development

March 9, 2024
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CEPC R&D: 89 Cell High Q Cryomodule

March 9, 2024

Exceeds the CEPC specifications
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CEPC R&D: High Eff. Klystrons

• 1st prototype: normal eff.

• Single-beam with 70 kV

• output power reached 
design value of 800 kW

• efficiency ~ 62%

• 2nd prototype: High eff.
• Single-beam with 110 kV

• Designed eff. ~77%, test 
result 70% 

• Issues understood, to be re-
tested soon

• 3rd prototype: High eff.

• Multi-beam Klystron(MBK) 
with a designed eff. of 80%

• Manufacture underway

0.0%

20.0%

40.0%

60.0%

80.0%

70 80 90 100 110

Power vs. Efficiency

March 9, 2024
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CEPC R&D and Prototypes

• ~10% remaining (the 

machine integration, 

commissioning etc.) to be 

completed by 2026. 

• International 

contribution/collaboration 

important
March 9, 2024
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Key Accelerator Technology Readiness

March 9, 2024
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CEPC Detector R&D covering all sub-detector technologies

March 9, 2024

Rencontres du Vietnam
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CEPC Detector R&D covering all sub-detector technologies

March 9, 2024



Detector System Concepts Studied

High

magnetic field

concept

(3 Tesla)

Low

magnetic 

field

concept

(2 Tesla)

Full silicon 

tracker

concept

IDEA Concept
also proposed for FCC-ee

Particle Flow Approach

“Fourth 

concept”: Crystal 

Calorimeter 

based detector

(2-3 Tesla)

March 9, 2024Final two detectors will likely be a mixture of different options
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Efforts Towards a Green Accelerator

Experience at HEPS

– Solar panel: 10 MW  10% saving

– Permanent magnet: 5.6 GWh saving/yr

– Hot water(13 MW@42oC) for heating: 
more than what HEPS needs

R&D for CEPC

– High eff. Klystron, energy recovery 
Klystron, …  

– Design and R&D of a “cooling-
compressor + heating-pump system” to 
recover hot water in winter and cooling 
water in summer for use at HEPS

– Continue to investigate power 
generator using low-T hot water 

30

3030

Solar panel on the roof of HEPS

March 9, 2024



CEPC Site Selection

Low

magnetic 

field

concept

(2 Tesla)

Full silicon 

tracker

concept

Particle Flow Approach

Three sites documented in the Accelerator TDR 



Civil Design and Planning
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Low

magnetic 

field

concept

(2 Tesla)

Full silicon 

tracker

concept

Particle Flow Approach

32

• 3 companies working on the design, 
one for each site. Review in progress 

• Most of the tunnel(75-95%) in granite, 
greatly impact the cost

• Construction method yet to be 
determined

• Time for construction is ~5 years

March 9, 2024
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International Reviews of the CEPC 
Accelerator TDR, HKUST-IAS, Hong Kong

CEPC Accelerator TDR Released

Positive review outcomes and endorsement by the CEPC IAC
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CEPC Accelerator TDR

Positive review outcomes and endorsement by the CEPC IAC
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Project Development

• The detector reference technical design (TDR) is ongoing

• The Engineering Design towards a EDR has begun

• Remaining R&D work to be completed

• Automatic mass production systems being designed

• Site specific development/construction plan will go forward

• Advanced studies being pursued

• Positioning for construction starting in 2027-8



TDR – a New‘Concept Detector System’

Challenges 
 Support Particle flow with

 High granularity 

 High precision

PFA Hadron Calorimeter

Muon+ Yoke

PFA EM Calorimeter

Silicon tracker

Drift chamber for PID

Solenoid Magnet (3T/2T)

Requirements
boson mass 

resolution

(BMR ~3%)

Detector Key parameter World level 4th concept

PFA based

EM calorimeter

EM shower 

E resolution

~20%/√E <3%/√E

PFA based

Hadron calorimeter

Single hadron E 

resolution

~50%/√E ～40%/√E

Novel detector design 

based on PFA calorimeter. 

Aim at improving BMR 

from 4% to 3%

 Silicon combined with TPC or drift chamber for better tracking and PID
 ECAL based on crystals with timing for 3D shower profile for PFA and EM energy

 Scintillation glass HCAL for better hadron sampling and energy

Outcomes of the R&D provide important inputs to this detector system design
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Major EDR Tasks
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CEPC Plasma Injector (alt. option) and TF Plan
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Feb. 2, 2024

CEPC 650 MHz/800 KW 
high efficiency klystron

tested efficiency 77.2%

Advanced Studies for ‘State of Art” CEPC
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Advanced Studies for ‘State of Art” CEPC

Critical for energy calibration, important EW measurements 

• LEP successfully applied spin rotator to the beam to produce polarized beam; 
• CEPC attempts to inject polarized beam at the source to rid of deadtime,  

and to achieve high/fast polarization for the Higgs run



March 9, 2024
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Advanced Studies for ‘State of Art” SppC

• A collaboration formed in 2016 

by IHEP, IOP, IOEE, SJTU, etc., and 

supported by CAS

• World first: 1000m IBS cable, IBS coil
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Getting Ready for Mass Production & Installation

Automatic magnet production lines
Production line for NEG Coating

(vacuum chambers)

Mockup CEPC Tunnel for Optimizing Installation, Alignment, …
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Industrial Partners and Suppliers



Project Planning and Development
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Planning & Schedule



46

Summary

CEPC addresses many most pressing & critical science 
problems in particle physics.

The CEPC design and technologies are reaching maturity with 
the accelerator TDR as a (H, Z, W, top) factory.

CEPC is working on a reference design of the detector TDR.

Both the accelerator and the detector have entered a EDR 
phase to complete the remaining R&D, the site-construction 
plan and the engineering design.

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

CEPC will offer the worldwide HEP community an early Higgs 
factory.
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Backup Slides



International Collaboration
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• Great international participation to CDR, 
similar for TDR

• Many MoUs signed and executed

• Substantial collaboration on Physics studies 
and detector R&D, fewer on accelerator

• Substantial International advice through 
many committees and conferences, 
particular to accelerator

• Joined CALICE, ILD TPC, and RD collab.s, in 
addition to LHC exp. and many others

• Actively involved in the European Strategy 
update and the Snowmass process

• Annual CEPC International Workshop in 
China and EU/US-edition since 2014

• Annual working month at HKIAS (since 
2015), resumed in 2023

CEPC workshop in Chicago, 2019

CEPC CDR Released (2018.11)

March 9, 2024
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• CEPC provides critical input to ESPPU & Snowmass as a major player

• Team member actively participated International study(ESPPU and Snowmass 
committees) and Panel discussions

49

ESPPU input Snowmass 

input

International cooperation

EPPSU 2019

ICHEP 2022 ICHEP 2022

ICHEP 2018

arXiv: 1901.03170
1901.03169

arXiv: 2203.09451
2205.08553

International Collaboration

“Circular Electron Positron Collider - status & possible synergies on circular collider developments”
Xinchou LOU, FCC Week, May 30, 2022, Paris, France. 

“Circular Electron Positron Collider ”
Xinchou LOU, Snowmass Community Meeting, July 24, 2022, Seattle, USA. 



Polarization

Compton

polarimeter

Compton

polarimeter

Polarized
e- source

• Polarization >85%

• Ref: ILC, EIC

Linac &
transport

lines

• Polarization loss < 10%

• Ref: SLC, ILC

Booster

• Polarization loss < 5% for 
Z/W based on simulation 

Collider
• Pinj > 70%  in most cases                         

Longitudinal polarization

– Implement the spin rotator into CEPC lattice, including errors

– Extend the spin rotator to cover HE

– Simulate the RD process and the analysis of the errors in beam energy calibration.

– Carry out RD experiments at BEPCII & HEPS booster

Future
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Advanced Studies for ‘State of Art” SppC


