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Circular Electron Positron Collider (CEPC)
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▄▄  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 September 2012 right after the Higgs discovery

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

http://cepc.ihep.ac.cn 



CEPC Major Milestones
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CEPC CDR Released (2018.11)

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



CEPC Major Milestones
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Domestic Civil Engineering 

Cost Review, June 26, 2023, IHEP

CEPC Accelerator TDR Review

June 12-16, 2023, Hong Kong

CEPC Accelerator TDR Cost Review

Sept. 11-15, 2023, Hong Kong

CEPC Accelerator TDR 

released in December, 2023

arXiv:2312.14363
1114 authors

278 institutes

(159 foreign institutes)

38 countries

Distribution of CEPC Project TDR 

cost of 36.4B RMB (~4.7B Euro)

9th CEPC IAC 2023 Meeting 

Oct. 30-31, 2023, IHEP



Global HEP Consensus on Higgs Factories
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2013, 2016: China Xiangshan Science Conference 

concluded that  CEPC is the best approachand a 

major historical opportunity for thenational 

developmentof accelerator-basedhigh-energy

physicsprogram.

2022, 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

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

2020:EuropeanStrategyfor ParticlePhysics,     

An electron-positron Higgs factory is the highest 

priority next collider.For the longer term, the 

European particle physics community has the 

ambition to operate a proton-proton collider at the 

highest achievable energy.

2017: Japan Association of High Energy Physicists 

(JAHEP) proposes to constructA 250 GeV center 

of mass ILC promptly as a Higgs factory.

JAHEP

Japan

P5 report, USA, 2023

China

Europe



Comparison of Higgs factories: Circular vs Linear
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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 construction cost 

Versus Linear Colliders
o Higher luminosity / precision for Higgs & Z 

o Potential upgrade for pp collider 

CEPC has strong advantages among mature 

e+e-Higgs factories (design report delivered) 
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CEPC Physics Program
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üAll elementary particles in the SM are discovered, itôs a very successful 

theory. But we still have many open questions to be addressed:

o Is mass hierarchy of elementary particles normal ?

o Is fine tuning of Higgs mass natural ?

o Why a meta-stable vacuum ?

o What are the dark matter particles ?

o Unification of interaction at very high energy ?

oé

üHiggs is considered as a new tool to explore physics beyond the SM. 

üCEPC can produce millions of Higgs bosons and trillions of Z bosons 

with ñcleanò e+e- collision, it can provide unprecedented precision on 

Higgs, EW, QCD and flavor physics, and probe new physics up to 10 TeV.



CEPC Physics Program: Precision Measurement
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Direct and indirect probe to 

new physics up to 10 TeV, an 

order of magntitude higher 

than the HL-LHC

Higgs coupling precision can 

be improved by an order of 

magnititude 

EW measurement can be 

improved by a large factor

× ~ 300 Journal / arXiv papers CEPC can reveal new physics at energy ~ 10 TeV or higher
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CEPC Physics Program: Discovery Potential

10

Higgs decays into BSM particles, HĄ X1X2

CEPC has significantly better detection sensitivity for 

dark matter and selected Higgs exotic decays than HL-LHC
Zhijun Liangôs talk



CEPC Concepts
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CEPC Key Scientific Issues and Technologies Route



CEPC Accelerator Design and Layout
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Â 100 km double ring design (30 MW SR, upgradable to 50MW, ttbar)

Â Switchable operation for H, Z, W and top modes

Â Shared tunnel: compatible design for booster, CEPC and SppC 

H/tt

W&Z

H/W/Z/tt switching operation scheme

Yuhui Liôs talk

3-in-1 tunnel

Cost optimization

JINST 17 P10018 (2022)
arXiv:2312.14363



CEPC Operation Plan
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Mode
Ec.m. 

(GeV)
Years

SR 
Power
(MW)

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

Integrated 
Lumi. 

per year
(abς1, 2 IPs)

Total 
Integrated Lumi 

(abς1, 2 IPs)
Total Events

H*
240 10

50 8.3 2.2 21.6 4.3 ³ 106

30 5 1.3 13 2.6 ³ 106

Z 91 2
50 192** 50 100 4.1 ³ 1012

30 115** 30 60 2.5 ³ 1012

W 160 1
50 26.7 6.9 6.9 2.1 ³ 108

30 16 4.2 4.2 1.3 ³ 108

ἼӶἼ 360 5
50 0.8 0.2 1.0 0.6 ³ 106

30 0.5 0.13 0.65 0.4 ³ 106

**   Detector solenoid field is 2 Tesla during Z operation, 3 Tesla for all other energies.

*** Calculated using 3,600 hours per year for data collection ( ~250 days with 60% efficiency). 

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



A New Lab: CEPC SRF Test Facility (PAPS)
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ÅNew Lab (4500m2) at Huairou Beijing, next to HEPS

ÅA cryogenic system: 2.5KW@4.5K or 300W@2K

ÅOvens and clean rooms for cavity production

Å2 horizontal and 3 vertical SRF test stands

ÅAbout 200 SRF cavities / year 

ÅTesting of klystrons, electron guns, magnets, etc., 

ÅNEG coating of vacuum pipes, ATF in the future 



CEPC R&D: High Q SRF Cavities

15

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 SRF cavity for booster:  Q0 = 3.4E10 @ 26.5 MV/m

ü 650 MHz 2-cell SRF cavity for collider ring: Q0 = 6.0E10 @ 22.0 MV/m

ü 650 MHz 1-cell SRF cavity for collider ring: Q0 = 6.0E10 @ 31.0 MV/m

Vertical test of 650 MHz 2-cell cavity

Cold-EP and Mid-T baking
Q0 = 6.0E10 @ 31 MV/m 

Vertical test of 650MHz 1-cell Cavity

SRF cavities exceed CEPC specifications



CEPC R&D: 8 ³ 9-cell High Q Cryomodule 

16

CEPC Booster 1.3 GHz SRF R&D and industrialization 

in synergy with CW FEL projects 

Parameters
Horizontal test 

results

CEPC Booster

Higgs  Spec

LCLS-II, SHINE 

Spec

LCLS-II -HE

Spec

Average usable CW Eacc (MV/m) 23.1 3.0× 1010 @

 21.8 MV/m

2.7× 1010 @

16 MV/m

2.7× 1010 @

20.8 MV/mAverage Q0 @ 21.8 MV/m 3.4× 1010

SRF cavities exceed CEPC specifications



CEPC R&D: High Efficiency Klystrons
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Ç The 1st Klystron prototype, achieved efficiency ~ 62%

Ç The 2nd Klystron prototype was tested in Feb. 2024,  achieved efficiency ~ 77.2%

Ç The 3rd Klystron prototype (MBK) with manufacture underway, design efficiency is ~ 80%

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

Test results of the 2nd 
klystron prototype



CEPC R&D: Accelerator Key Technologies

18

Specification Metü CEPC accelerator key technologies R&D in TDR covers 

all component listed in the CDR. 

ü About 10% remaining (e.g. RF power source, machine 

integration, control, alignment) to be completed by 2026. 

Prototype 

Manufactured



CEPC Conceptual Detector Designs
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2T Magnet

Yoke + Muon (m-RWELL)
Drift chamber

Si Pixel Vertex

Silicon wrapper

Preshower (m-RWELL)

Dual-readout calorimeter

IDEA concept

(also proposed for FCC-ee)

FST concept

(Full Silicon Tracker)

Magnet

(3T/2T)

LumiCal

(Baseline Design)

Particle Flow Approach

Yoke + Muon (RPC or m-RWELL)

SIT  TPC SET

FTD          ETD

Si Pixel Vertex

PFA HCAL

PFA ECAL

Magnet (3T/2T)

Crystal ECAL 

(Transverse bar)

PID (DC+ToF)

Silicon Tracker

PFA HCAL

Partially Yoke 

The 4th Concept 



LŘŜŀ ƻŦ ǘƘŜ άпth /ƻƴŎŜǇǘέ
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Detector World-class level 4th concept

PFAbased
(ECAL)

͘ 20҈ κ Ҟ9ғ о҈ κ Ҟ9

PFAbased
(HCAL)

͘ рл҈ κ ҞE ͘пл҈ κ ҞE

Novel detector design based on 

PFA calorimeter. Aim at improving

BMR from 4% to 3%

ü Silicon combined with TPC or DC for better tracking & PID

ü Crystal ECAL with timing for PFA and better EM resolution

ü Scintillating glass HCAL for better sampling and resolution

Zhijun Liangôs talk



CEPC R&D:Silicon Pixel Chips
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JadePix-3   Pixel size ~16³23 mm2

2 layers / ladder Rin~16 mm Goal:  s(IP) ~ 5 mm for high P track

CDR design specifications

Á Single point resolution ~ 3ɛm

Á Low material  (0.15% X0 / layer)

Á Low power (< 50 mW/cm2)

Á Radiation hard (1 Mrad/year)

Silicon pixel sensor develops in 5 series: 

JadePix, TaichuPix, CPV,  Arcadia, COFFEE

Tower-Jazz 180nm CiS process

Resolution 5 microns, 53mW/cm2 

MOST 1
MOST 2

Arcadia  by Italian groups

for IDEA vertex detector

LFoundry 110 nm CMOS

Develop COFFEE for a CEPC tracker 

using SMIC 55nm HV-CMOS process



CEPC Detector R&D: Silicon, TPC, DC Prototypes
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