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Circular Electron Positron Collider (CEPC)

3

▄▄ Higgs (Z) factory

Ring length ~ 100 km

IP 1

IP 2

Ç CEPC is an e+e- Higgs factory producing Higgs / W / Z bosons and top quarks, 

aims at discovering new physics beyond the Standard Model

Ç Proposed in 2012 right after the Higgs discovery

Ç Proposed to commence construction in ~ 2026 and start operation in 2030s. 

Ç Upgrade: Super pp Collider (SppC) of ▼~ 100 TeV in the future.

arXiv:1809.00285, arXiv:2203.09451



CEPC Major Milestones
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CEPC CDR Released (2018.11)

CEPC-SPPC Kickoff (2013.9) CEPCIAC Meeting (2015.9)



CEPC Action Plan Since CDR
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CEPC CDR: first for a circular e+e- Higgs factory

CEPC project with R&D 
towards

(1) Accelerator TDR (2023)

(2) Detector key technologies 
R&D and establishment of 
seeds for International 
Collaborations

Identify challenges and 
devise solutions

Since 2019



Consensus in HEP Community for e+e- Higgs Factory
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Clear consensus in HEP community

2013, 2016: the CEPC is the best approachand a 

major historical opportunity for thenational 

developmentof accelerator-basedhigh-energy

physicsprogram.

In April 2022, the International Committee for Future Accelerators (ICFA) ñreconfirmed the international consensus 

on the importance of a Higgs factory as the highest priority for realizing the scientific goals of particle physicsò, 

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].

2020

The scientific importance and strategical value of an e+e- Higgs factory is clearly identified.

arXiv:2211.11084



Comparison with other international Higgs factories
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CEPC Accelerator white paper for
Snowmass21, arXiv:2203.09451

Versus FCC-ee
o Earlier data: collisions expected in 2030s (vs. ~2040s)

o Large tunnel cross section (ee& pp coexistence)

o Lower cost: ~½ the construction cost with similar 

luminosity up to 240 GeV

Versus Linear Colliders
o Higher luminosity for Higgs and Z runs

o Potential upgrade for pp collider 

CEPC has substantive advantage among mature e+e- Higgs factories (design report delivered) 
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Highlights of CEPC R&D



CEPC Physics Program (White Papers)
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Physics similar to FCC-ee, ILC, CLIC

× 2019.3 Higgs White Paper published (CPC V43, No. 4 (2019) 043002)

× 2019.7 Workshop@PKU: EW, Flavor, QCD working groups formed

× 2020.1 Workshop@HKUST-IAS: Review progress,  EW draft ready

× 2021.4 Workshop@Yangzhou: BSM working group formed

× 2022.5 Workshop of CEPC physics, software and detector

× 2022  Input for Snowmass study

Yangzhou (2021)

CEPC Operation mode ZH Z W+W- ttbar

▼ ἑἭἤ ~ 240 ~ 91.2 ~ 160 ~ 360

Runtime [years] 7 2 1 -

CDR
(30MW)

L / IP[³1034 cm-2s-1] 3 32 10 -

╛᷿▀◄[ab-1, 2 IPs] 5.6 16 2.6 -

Event yields [2 IPs] 1³106 7³1011 2³107 -

Run time [years] 10 2 1 5

Latest
TDR

(50MW)

L / IP[³1034 cm-2s-1] 8.3 191.7 26.6 0.8

╛᷿▀◄[ab-1, 2 IPs] 20 96 7 1

Event yields [2 IPs] 4³106 4³1012 5³107 5³105

arXiv:2205.08553

Peking U. (2019)



CEPC Physics Program (CDR)
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Å CEPC can make detailed study of various physics processes

Å Higgs bosons are detected via recoil mass of the reconstructed 

Z, allowing for model independent & full investigation of the 

Higgs and any new physics that Higgs may reveal

Å Very challenging events with missing neutrinos and jets are 

well reconstructed and identified

e+e- annihilations at the CEPC

× O(100βJournal / arXiv papers



CEPC Physics Program
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ÅPrecision Higgs, EW, flavor physics & QCD measurements at unprecedented precision

Å.{a ǇƘȅǎƛŎǎ όŜΦƎΦ ŘŀǊƪ ƳŀǘǘŜǊΣ 9² ǇƘŀǎŜ ǘǊŀƴǎƛǘƛƻƴΣ {¦{¸Σ [[tΣ Χύ ǳǇ ǘƻ Ϥ мл TeVscale

CEPC can reveal new physics at energy ~ 10 TeV or higher
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arXiv:2205.08553



CEPC Physics Program: Higgs and EW
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ÅPrecision Higgs, EW, flavor physics & QCD measurements at unprecedented precision

Å.{a ǇƘȅǎƛŎǎ όŜΦƎΦ ŘŀǊƪ ƳŀǘǘŜǊΣ 9²t¢Σ {¦{¸Σ [[tΣ Χύ ǳǇ ǘƻ Ϥ мл TeVscale



CEPC Physics Program: Discovery Potential
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Higgs decays into BSM particles, HĄ X1X2

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



CEPC Design and Technical Requirements
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Innovative Design

ü100km Full/Partial Double Rings

üSwitchable operation for Higgs, W and Z

üFlexible injection modes to satisfy different energies

ü²ƻǊƭŘΩǎ мst design of a high energy/flux g-ray synchrotron light

Technical Performance

üHigh efficiency Klystron (aim at highest transfer efficiency)

üHigh performance SRF cavities (state-of-the-art Q and gradient)

üNovel magnets: Weak field dipole, dual aperture magnets (First Qualified 

Prototype)

Major Technology 
Breakthrough

üPlasma wakefield acceleration for Injector(New Acceleration Principle)

üHigh field superconducting magnet (Iron based HTS proposal)

CEPC focuses on innovative designs and key technology R&D to 
fulfill the challenging design requirement !



CEPC Accelerator Design Improvement & TDR
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Injection energy 30GeV

Â 100 km double ring design (30 MW SR power, upgradable to 50MW).

Â Switchable operation for H & Z, W modes without hardware change.

Operation mode ZH Z W+W- tt

▼ ἑἭἤ ~240 ~91.2 158-172 ~360

L / IP
[³1034 cm-2s-1]

CDR (2018) 3 32 10 -

TDR (30MW) 5.0 115 16 0.5

TDR (50MW) 8.3 191.7 26.6 0.8

CEPC TDR S+C-band 30GeV LinacInjector

H

W&Z



Status of CEPC Accelerator R&D
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Specification Met

Prototype Manufactured



IHEP New SCRFLab (PAPS) in Operation
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Crygenic system hall 

New SC Lab Design (4500m 2) SC New Lab (PAPS) has been put to operation in June 2021

CEPCSCRFTest Facility is located at IHEP Huairou Area (4500m 2)



CEPC R&D: High Q SCRF Cavities
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Medium-temperature (Mid-T) annealing 
adopted to reach Q0 = 3.4E10 @ 26.5 MV/m

N-infusion adopted to reach 
Q0 = 6.0E10 @ 22.0 MV/m

At 2K

ü 1.3 GHz 9-cell SCRF cavity for booster:  Q0 = 3.4E10 @ 26.5 MV/m
ü 650 MHz 2-cell SCRF cavity for collider ring: Q0 = 6.0E10 @ 22.0 MV/m
ü 650 MHz 1-cell SCRF cavity for collider ring: Q0 = 6.0E10 @ 31.0 MV/m

Vertical test of 650 MHz 2-cell cavity

At 2K

At 2 K

Q0 = 6.0E10 @ 31 MV/m 
Q0 = 2.1E10 @ 42 MV/m

650MHz 1-cell SCRF Cavity

All SCRF satisfied CEPC 
design specifications !



CEPC R&D: High Efficiency Klystrons
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Ç The 1st Klystron prototype,achieved efficiency ~65%.

Ç The 2nd Klystron prototype tested at PAPS in 2022, design eff. is 77%, achieved eff. ~70.5%

Ç The 3rd Klystron (MBK) is under fabrication, design eff. is ~80.5%.

Ç High efficiency Klystron helps to reduce electricity consumption.

The 1 st Klystron (tested)

The 2 nd Klystron (tested)

The 3 rd multi -beam Klystron 
(MBK) under fabrication

70.5% @ 630kW 



HTS SC Magnet and Iron-Based Superconductor
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LPF1-U test after the 2nd thermal cycle 

6865 A & 12.47 T @ 4.2 K 

Two apertures - 2* 1ɲ4 mm

10.2T 
(2018)

12.5T 
(2021)

16T 
(2025)

üStainless-steel stabilized IBS tape achieved 
the highest Je in 2022

üSignificantly reduced the cost and improve 
mechanical properties of IBS conductor.



CEPC Accelerator: Plasma Injector
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Booster Requirement

Energy GeV 45.5

Bunch Charge nC 0.78

Bunch length (um) <3000
Energy Spread (%) 0.2

Nʁ ( m˃ rad) <800
Bunch Size (um) <2000

IHEP, THU, BNU

Plasma dechirperexp at SXFEL

CEPC Plasma Injector V2.0

High eff. uniform wakefield acceleration of a positron beam 
using stable asymmetric mode in a hollow channel plasma

W. Lu, D.Z. Li

3D Quasi -static PIC simulations show:
Energy extraction efficiency ~ 30%

Energy spread ~ 1%

PRL 127, 174801 (2021)



CEPC Key Technologies R&D
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