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The Cases for High Energy 
circular e+e- colliders
 Physics motivations
 Advantages of an e+e- collider

over the pp collider 
 e+e- colliders: circular vs. linear
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IPAC 2022, BangkokCases I:  Physics

The Standard Model has been very successful 

However it is not a complete theory

facing serious tensions: 

naturalness, stability, g-2, W mass, RK, RD, RD* , …

can not explain: 

existence & mechanism of dark matter 

and dark energy, 

baryon asymmetry of the Universe,

neutrino masses and oscillations, hierarchy, … 

Real opportunities for discovering 
new physics beyond the SM

Higgs boson as a portal for new physics
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Cases III:  HF - Circular vs. Linear
Z Higgs t

• Circular ee colliders have
better luminosity ( 2 IPs) at
Z, Higgs and W (FCC-ee is 

considering 4 IPs case）

• Linear ee colliders advantageous
at high energies (top quark)

• Circular ee colliders can be 
replaced by ~100 TeV pp collider
to reach high energy frontier

S.C.CHEN based on Snowmass 



Status of CEPC and FCC-ee
 Designs and performance

 Organization and plan

 Progress and status
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FCC-ee & CEPC IPAC 2022, Bangkok

• Two future circular e+e− colliders are being proposed, CEPC on a greenfield site 
in China; FCC-ee linked to the existing CERN facilities. CM energy 90-360 GeV

• In a subsequent project stage, this same tunnel could later accommodate a high 
energy hadron collider, such as Super Proton-Proton Collider (SPPC) or FCC-hh, 
respectively. CM energy ~100 TeV

• Common use of RF systems for both beams at highest energy working points, 
starting from the ZH production mode.

• Both collider designs consider an asymmetric interaction region to limit SR of 
incoming beams towards detectors and to generate the required large crossing 
angle.

• Each of the two machines is accompanied by a full-energy top-up booster ring 
situated in the same large tunnel.
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IPAC 2022, BangkokCEPC/FCC-ee Design

Both FCC-ee and CEPC are conceived as double ring colliders, with 
4 (or 2) interaction points (IPs), radiofrequency (RF) system straights, 
and a tapering of the arc magnet strengths to match local energy.
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IPAC 2022, BangkokCEPC/FCC-ee Design

• Preliminary key parameters of FCC-ee (left) and of CEPC (right). 

• The beam lifetime due to effect of radiative Bhabha scattering and beamstrahlung. 

• For FCC-ee, a scenario with 4 IPs is under study, with ~10-30% lower luminosity per
IP, 1.7–1.9 integrated luminosity, and ~1.7 shorter beam lifetime.



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

 Switchable between H & Z, W modes without hardware change (magnet switch).

 New baseline for Linac (C-band, 20GeV) .

Operation mode ZH Z W+W- tt

𝒔 [𝐆𝐞𝐕] ~240 ~91.2 158-172 ~360

L / IP
[1034 cm-2s-1]

CDR (2018) 3 32 10

Latest 5.0 115 16 0.5

• Injection energy: 10GeV  20GeV

• Max energy: 120GeV  180GeV

Design improvement and TDR

Future Linac considered: plasma WF, C3
June 14, 2022 11
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CEPC Status

 The 7th CEPC IAC meeting (online) was
held in November, 2021

 The IAC presented an advisory report 
with many recommendations。

great help and guidance

IPAC 2022, Bangkok
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Factors: geology, electricity supply, 
transportation, international-friendly, 
local supports …

June 14, 2022

Site Investigation

CEPC Status IPAC 2022, Bangkok
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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.

June 14, 2022

Site Investigation

CEPC Status IPAC 2022, Bangkok
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CEPC Status

 2013-2025: Key technology R&D, from CDR to TDR, site selection, international collaboration 
etc.

 Ideal case: Approval in the 15th Five-Year Plan, and start construction (8 years)

Ideal Accelerator Roadmap

2016-2021 MOST phase-1 accelerator R&D
2018-2023 MOST phase-2 accelerator R&D
2023-2028 MOST phase-3 accelerator R&D
2022-2023 Accelerator TDR completion
2023-2025 Site selection, engineering design,

prototyping and industrialization
2026-2034 Construction and Installation

Ideal Detector Roadmap

2016-2021 MOST phase-1 detector R&D
2018-2023 MOST phase-2 detector R&D
2023-2028 MOST phase-3 detector R&D
Now -2024 Seek collaboration, detector R&D
2025-2026 Prepare international collaborations
2027-2028 Detector TDR completed
2028-2034 Detector construction
2033-2034 Installation

IPAC 2022, Bangkok
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FCC Week, ParisCEPC Status

CEPC  Accelerator TDR  

 Consistent TDR high luminosity parameter design as a Higgs factory

 Key components with prototyping, technical feasibility demonstrated,  
no technical show stopper

 Design and R&D technical documentation (data, drawings, etc.) 

 CEPC accelerator TDR document release planned for 2023

CEPC Accelerator EDR Plan; ~Jan. 2023-Dec. 2025 preliminary
 CEPC site study will converge to one or two with feasibility studies 

(tunnel and infrastructures, environment)
 Engineering design of CEPC accelerator systems and components
 Site dependent civil engineering design implementation preparation 
 EDR document completed for government’s approval of starting 

construction in 2026 (the starting of the “15th five year plan”)
 There will be more discussions on the planning
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FCC-ee Status IPAC 2022, Bangkok

• A comprehensive Conceptual Design
Report (CDR) for the FCC was published 
in 2019

• Following the 2020 European Strategy 
Update, in 2021 the CERN Council has 
launched the FCC Feasibility Study (FS): 

(1) technical aspects of the accelerators,
(2) feasibility of tunnel construction and 

technical  infrastructures
(3) possible financing of the proposed 

future facility.

starts with Z, W, H and then t
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FCC Integrated Schedule



Key Technologies & R&D Progress
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1.3 GHz High Q Mid-T Cavity Horizontal TestThe 650Mhz 1-cell cavity’s 

results (6.4E10@30MV/m, 

1.5E10@37.5MV/m) have 

broken China's gradient 

record of low-frequency (<1 

GHz) elliptical cavities. 

World record Q of 650 MHz 

cavity at 30 MV/m.

CEPC 650 MHz 1-cell Cavity

IHEP PAPS established in July 2021  Horizontal test stand, 1.3GHz 9cell cavities, and couplers...  

24

P. Sha et al., Applied Sciences. 2022; 12(2):546.

Beijing Huairou (4500m2)

June 14, 2022

CEPC SCRF Facility & Components

CEPC Key Technologies and R&D



• Cavity string and module assembly in 
March to May 2021.

• Modul installation in beamline, 2 K cool 
down test and RT coupler conditioning 
in May to July. 

• IR laser output to 116 W. Photo-
cathode QE to 5 %. DC gun vacuum to 
1.5E-10 Pa, voltage to 350 kV. 
Buncher cavity high power tested.

• 1.3 GHz 8x9-cell high Q cryomodule prototype
• Component fabrication in 2021 to mid 2022
• Assemble and horizontal test in 2022

25

CEPC 650 MHz Test Cryomodule with Beam/
1.3GHz High Q Cryomodule (8X9cell)

June 14, 2022
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CEPC TDR R&D Status  of  Key Technologies
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High Energy Light Source under construction

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

Carried out by IHEP, to be completed in 2025, 
great training and preparation for CEPC

June 14, 2022
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FCC-ee Key Technologies and R&D
The FCC-e eR&D aims at developing more efficient, novel
technologies, which could decrease costs, lower the energy
consumption, and reduce the environmental impact. 

Present R&D efforts towards these goals include high-efficiency
continuous wave radiofrequency power sources, high-𝑄 SC
cavities for the 400-800MHz range, and possible applications
of HTS magnets.

an arc half-cell mock up is foreseen to be constructed by 2025,
including girder, a vacuum system with antechamber and pumps, 
dipole, quadrupole and sextupole magnets, beam position 
monitors, cooling and alignment systems, and technical
Infrastructure interfaces. 

Also for the interaction region the construction
of a mock up is proposed, consisting of the central beam
pipe, first SC quadrupole with its cryostat, support structures,
stabilization system, and remotely controlled flanges.
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FCC-ee Key Technologies and R&D

Tor Raubenheimer, FCC Week 2022 (Paris)
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FCC-ee Key Technologies and R&D
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FCC-ee Key Technologies and R&D
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Possible Synergies
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Ideally

• Important technical areas for circular ee colliders

• Challenging domains for circular ee colliders to achieve 
the design performance

• Prototyping of key hardware components
• New and innovative approaches that may bring the 

collider technology and performance to the next level
• Instrumentation enabling physicists to collect & analyze 

data to reach the limit of the collider data

• Independent crosschecks
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Technical areas critical to circular ee colliders

design optimization
design reviews
key beam physics studies

large volume components: design, 
quality, cost (magnets, SRF, installation, ….)
energy saving and cost reduction
prototyping of key hardware components
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Challenging domains for circular ee colliders to 
achieve the design performance

machine-detector interface 
control system, safety (environment, operation)

management software

experience at previous and present colliders 
(SuperKEKB,…)
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New and innovative approaches that may bring 
the circular collider to the next level

new linac and injection (plasma WF, C3, …)
upgradability (luminosity, easy to operate, energy)

HT superconductor development, lower the  
cost for the pp collider

high energy gamma synchrotron light and app.
advanced SRF systems with higher gradient
(for example, thin Nb3Sn films on copper)
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Instrumentation

detector design beyond those of ILC, LEP
6G wireless detector control, data transmission
upgradability (luminosity, easy to operate, energy)

ECFA detector program
collect, store and analyze collision data under
the best possible conditions;
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Cross-checks and mutual support

circular ee collider eco-system
independent crosschecks of design concepts 

and simulation results

outreach and science education about HEP 
……
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Summary IPAC 2022, Bangkok

Strong physics cases for high energy e+e- colliders to study the Higgs, Z, W 
bosons and the t quark with much improved precisions, and possible new 
physics with input from the LHC and other experiments. 
Both FCC-ee and CEPC are compelling options for a future factory for the 
Higgs, Z, W bosons and top quark, providing great opportunities for 
discovery in physics.

Either machine can be upgraded towards a future hadron collider (FCC-hh
or SPPC), which would become the next high energy frontier machine.

The FCC-ee and CEPC groups are advancing toward the realization of the 
project, respectively. 

Numerous possible synergies exist between the CEPC and FCC-ee designs, 
and could be exploited for better design, critical technologies, affordability 
and support for a future high energy circular e+e- collider.
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