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◼ Overall status of CEPC

◼ Prospects for beam polarization @ CEPC

Outline
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A brief introduction of CEPC
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❑ Circular Electron-Positron Collider (CEPC) as a Higgs (Z / W / 𝒕 ҧ𝒕 ) factory in China

❑ Higgs Factory (>1M Higgs, ~1% precision)

❑ Z Factory (~Tera Z) 

❑ The W+W- pair and then 𝒕 ҧ𝒕 pair production thresholds

❑ Higgs, EW, flavor physics & QCD, probe to new physics up to 10 TeV

❑ Possible pp collider (SppC) of 𝑠 ~ 125 TeV (TDR spec.) in the far future.

CEPC Operation Plan and Goals

Anticipated accuracy on Higgs properties at 

CEPC versus at LHC/HL-LHC

Covered energy scales of NP



◼ Chinese Academy of Sciences (CAS) is planning for the 15th 5-year-plan (2026-2030) for large science projects, a

steering committee has been established, chaired by the President of CAS.

◼ High energy physics & nuclear physics, is one of the 8 groups (fields) .

◼ CEPC is ranked No. 1, with the smallest uncertainties, by every evaluation committee both domestic and international ones

among all the collected proposals in this group.

◼ A final report has been submitted to CAS for consideration.

◼ The abovementioned process is within CAS.

◼ The following national selection process around 2025

will be decisive.

Timeline and status
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China’s Economic & Development follow a 5-year cycle:
14th FYP (2021-25),  15th FYP (2026-30) , 16th FYP (2030-35)



Accelerator Considerations in TDR
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Baseline: 100 km, 30 MW; Upgradable to 50 MW, High Lumi Z, ttbar
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S+C-band 30 GeV linac

Accelerator Complex

H/tt-bar

W and Z

Seamless mode switch for Higgs/Z/W/(ttbar)

CEPC Collider Ring

Machine

Detector
Interface

Common tunnel for 
booster/collider & SppC

⚫ Circular collider: Higher luminosity than a linear collider

⚫ 100km circumference: Optimal total cost

⚫ Shared tunnel: Compatible design for CEPC and SppC

⚫ Seamless switchable operation: Higgs/W/Z/(ttbar)

⚫ Accelerator complex comprised of a 30 GeV Linac, a 100 km 

booster and a double-ring e+/e- collider with two IPs

⚫ High energy & high flux synchrotron light source provides γ-ray up to 

300 MeV, critical for multi-disciplinary sciences



Hardware R&D progress in the TDR

66

Specification Met
Prototype 
Manufactured

Key technology R&D spans all component lists in CEPC CDR

representative Key Technologies for the CEPC
Fraction
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Qinhuangdao

Changchun

Huangling

Shenshan

Changsha
Huzhou

Site Preparation

72023 International Workshop on the Circular Electron Positron Collider

• Six cities were investigated as potential site for the CEPC;

• Geodetic survey were conducted on all candidate sites

• Qinghuangdao, Changsha and Huzhou are selected for

demonstration in TDR;



CEPC Accelerator TDR Reviews & Release in 2023
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CEPC accelerator TDR has been completed and 

formally released on December 25, 2023

CEPC accelerator TDR link:（arXiv:2312.14363）
CEPC accelerator TDR releasing news:
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html

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

Distribution of CEPC Project total TDR 

cost of 36.4B RMB (4.67B EUR )

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

Chaired by Brian Foster

Chaired by Leonid RivkinChaired by Frank Zimmermann

The IAC also support another conclusion in the TDR 

Review Report that the accelerator team is well prepared

to enter the EDR phase

http://cepc.ihep.ac.cn/CEPC_tdr.pdf
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html
https://indico.ihep.ac.cn/event/19262/timetable/
https://indico.ihep.ac.cn/event/19262/timetable/
https://indico.ihep.ac.cn/event/19262/timetable/
https://indico.ihep.ac.cn/event/19262/timetable/


◼ Engineering Design Report (EDR) 2024-2027: preparation phase for

– CEPC proposal to be presented and selected by Chinese Government around 2025

– Construction start around 2027 (in 15th Five Year Plan 2025-2023) and completion around 2035 (the
end of 16th Five Year Plan 2030-2035)

CEPC Accelerator EDR: Goal, Scope and Plan
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Examples of some key R&D items
• More prototypes

• SRF
• Klystron

• More detailed design and planning
• MDI
• Control and Timing
• Alignment and Installation Plan
• Tunnel Mockup for installation

• Mass production preparation
• Magnets’ Automatic Production Lines
• Massive Production Line of NEG Coating

Vacuum Chamber



CEPC Detector R&D Status
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TPC prototype 

(low power 

electronics)

Vertex detector R & D ( 3- 5 μm reso.)

Prototype Manufactured

➢ Extensive detector R&D benefitted from experiences

➢ Silicon strip detector: Experience from  ATLAS upgrade

➢ MDI, Drift chamber, SC magnet:  Experience from  BESIII

➢ CEPC R&D on key technologies 

➢ Vertex detector 

➢ TPC/drift chamber 

➢ PFA calorimeter 
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CEPC Detector TDRrd

(rd=reference design)

will be released in June, 2025



◼ Overall status of CEPC

◼ Prospects for beam polarization @ CEPC

Outline
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Motivation of CEPC polarized beam program

Vertical polarization for resonant depolarization

◼ Essential for precision measurements of Z and W 

properties 

◼ > 5% ~ 10% polarization, for both e+ / e- beams

Longitudinal polarization for colliding beams

◼ Figure of merit:  Luminosity * f( Pe+, Pe- )

◼ 50% or more polarization is desired, for at least 

one beam; polarizing both beams is beneficial 

• Supported by National Key R&D Program 2018-2023 to design longitudinally polarized colliding beams at Z-pole.
• Summarized as a chapter in the Appendix of CEPC TDR.

L. Arnaudon, et al., Z. Phys. C 66, 45-62 (1995). 
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Actively pursued in ILC, CLIC, EIC, 
STCF, SuperKEKB etc.

polarimeter depolarizerIP/detector

IP/detector



Self-polarization in the CEPC
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CEPC CDR parameters 45.6 GeV (Z, 2T) 80 GeV (W) 120 GeV (Higgs)

Polarization build-up time w/o radiative depolarization
𝜏𝐵𝐾𝑆 (hour)

256 15.2 2.0

Beam lifetime 𝜏𝑏 (hour) 2.5 1.4 0.43

• Beam polarization build-up rate much slower
than the beam decay rate @ Z
• Boosted with asymmetric wigglers in the 

Collider (FCC EPOL)
• Hard to achieve a high-level polarization
• In conflict with a high luminosity

• e+/e- beams become “self-polarized” via the 
Sokolov-Ternov effect in a storage ring

• 𝜏𝐵𝐾𝑆 ∝ 𝐸−5𝜌2𝑅



How to achieve a high-level polarization?
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Sawtooth-shape evolution during top-up injection

◼ A high-level polarization (time-averaged) Pavg in the Collider is attainable if

– Top-up injection of highly polarized beam

– Depolarization rate (𝜏𝐷𝐾
−1 )  << beam loss rate (𝜏𝑏

−1 )

Injected beam
Pinj > PDK

𝑃avg =
𝑃inj

1 +
𝜏𝑏
𝜏𝐵𝐾𝑆

𝑃∞
𝑃DK

+
𝑃DK

1 + 1/
𝜏𝑏
𝜏𝐵𝐾𝑆

𝑃∞
𝑃DK

𝑃avg > 50% requires a minimum value of 𝑃DK

𝑷𝐃𝐊 depends on machine imperfections, spin rotators
Assume 𝑃∞ = 90%

45.6 GeV (Z) 80 GeV (W) 120 GeV (Higgs)

Pinj = 50% 𝑃DK>50% 𝑃DK>50% 𝑃DK>50%

Pinj = 60% 𝑃DK>4% 𝑃DK>23% 𝑃DK>33%

Pinj = 70% 𝑃DK>2% 𝑃DK>15% 𝑃DK>25%

Pinj = 80% 𝑃DK>1% 𝑃DK>11% 𝑃DK>20%

Amplitude of sawtooth ~
|𝑃inj − 𝑃DK|

(𝜏𝑏+𝜏DK)/𝑑𝑡



◼ 50%-70% longitudinal polarization for e- bunches is a reasonable goal

A high-level longitudinal polarization @ Z-pole
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• Over 70% injected e- beam polarization is possible.
• Polarized e+ source is challenging for CEPC [1], polarization

transmission efficiency is similar otherwise.

[1] P. Musumeci et al., Positron Sources for Future High Energy Physics Colliders, ArXiv:2204.13245 Phys. (2022). 



◼ Concern

– Depolarization due to crossings of hundreds of spin resonances,
during Booster acceleration

◼ Finding

– Highly periodic lattice -> structural cancellation -> weak spin
resonances

– Spin resonance crossings lead to negligible depolarization to Z

Polarization Maintenance in the Booster

FCC Physics Workshop 2024 16

Resonance strength vs ramping rate:

CEPC-Z in the regime of negligible depolarization

T. Chen, et al., Booster free from spin resonance for future 100-km-scale
circular e+e- colliders, Phys. Rev. Accel. Beams, 26, 051003 (2023).

Polarization transmission to Z, W and Higgs energies in Booster:   
Z: over 99%,  W: 77.5%~ 98%,  Higgs: no better than 40% 



◼ 50%-70% longitudinal polarization for e- bunches is a reasonable goal

A high-level longitudinal polarization @ Z-pole
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• Over 70% injected e- beam polarization is possible.
• Simulated equilibrium longitudinal polarization > 70%,

leaving a large margin for effects not yet covered.

Simulated equilibrium polarization for an imperfect 
lattice w/ rotators after closed orbit correction

Implementation of the spin rotators adjacent to the IR



Polarization, luminosity and beam lifetime
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◼ It is possible to attain 50%-70% e- longitudinal polarization at the nominal
luminosity and simultaneously with a decent lifetime @ Z-pole

Comparison of the dynamic aperture

Contributors to the beam lifetime

Two pairs of spin rotators
• 240 T∙m solenoid each 
• Occupy a space of 2.8 km, can be optimized
• No interference with the complicated IR design
• Influence to DA & beam lifetime can be recovered

by dedicated sextupole optimization.

W. Xia et al., Investigation of spin rotators in CEPC at the Z-pole, 
Radiat. Det. Tech. Meth. 6:490 (2022).



◼ It’s possible to inject > 20% polarized beams to

enable RD measurements at Z-pole

– No dead time for physics, a few pilot bunches

– Polarized e+ source ? Dual-purpose
damping/polarizing ring (could accommodate both
e+/e- beams to gain sufficient polarization)

Resonant Depolarization at Z

19

One typical design:   
beam energy ~ 2 GeV, circumference ~ 150 m
polarization build-up time ~ 14.5 min
Extracted beam polarization @ 10min ~ 44%



◼ Injecting polarized beam(s) to the Collider

◼ 50%-70% longitudinal polarization for e- versus unpolarized e+

– Polarized e+ source requires technology innovations; self-polarization at a 

low energy ring is possible, a tradeoff between the challenges & costs of the 

ring versus reduction injection rate & luminosity (need more study);

◼ E- spin helicity flexibly adjusted by changing laser helicity at polarized e- source

◼ RD measurements w/ a few pilot non-colliding bunches, no physics deadtime

◼ Accurate 3D polarimetry is needed

– Inside the IR -> deduce longitudinal polarization @ IP

– Outside the IR -> RD measurements

Prospects of Z-pole polarization for CEPC
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Longitudinal polarization at W & Higgs?
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◼ A good chance for >50% e- longitudinal polarization at W

– Assume injected polarization > 60%, then PDK needs to be above 23%

◼ More challenging at Higgs (Under study)

– Simulated injected polarization < 30%    ->  improvements in Booster 
lattice design & mitigation to machine imperfections etc

– Simulated equilibrium polarization ~ 1%   -> mitigate depolarization by 
harmonic CO spin matching, cancellation of Sokolov-Ternov effect etc

◼ Strength of solenoid spin rotators scales linearly with energy

Simulated equilibrium polarization of Collider at W & Higgs

W Higgs

The key is to reduce the spin

resonance strength by a factor of 10

Prediction of resonant spin diffusion theory at 

ultra-high energies

W. H. Xia, et al, Evaluation of radiative depolarization in the future circular electron-
positron collider, Phys. Rev. Accel. Beams, 26, 091001, (2023).



Polarization R&D plan in the CEPC EDR Phase
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A vertical polarimeter for BEPCIIR&D of high-field SC solenoids

Modify the PAPS photocathode DC
gun to a Polarized Electron Source

◼ Implement the spin components in the post-TDR lattice designs

◼ Study the polarization utilities at Higgs and W energies

◼ Polarization-related key hardware R&D

RD @ BEPCII



◼ CEPC Accelerator TDR has been released on Dec 25, 2023, arXiv:2312.14363

◼ CEPC EDR phase (2024-2027) working plan and beyond has been preliminarily

established, with the aim for CEPC proposal to be presented to and selected by

Chinese government around 2025, for the construction starting around 2027, and

completion around 2035.

◼ Injecting polarized beams is promising for longitudinal polarization and RD

measurements.

◼ 50%-70% longitudinally polarized e- versus unpolarized e+ at Z with nominal

luminosity is a reasonable goal.

◼ Further studies of polarized beams towards higher energies as well as related

hardware R&D are planned for the CEPC EDR phase.

◼ International collaboration and participation are warmly welcome.

Summary
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http://cepc.ihep.ac.cn/CEPC_tdr.pdf
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Workshop website:
https://indico.in2p3.fr/event/20053/

Your participation is very welcome!

The more people collect firewood, 
the higher the flame will be



Thank you for your attention!
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27CEPC-SppC Progresses-J. Gao HKUST-IAS  HEP Conference, Jan. 22, 2024, Hong Kong

Thank you

CEPC Site Implementation and Construction Plans

CEPC site implementation plan in EDR CEPC construction plan



CEPC Plasma Injector (alternative option) and TF plan
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CEPC plasma injector scheme:

From 10 GeV → 30 GeV → TR ≥ 2 as a potentially low

cost replacement of conventional technologies

• Works on paper via simulations

• Key issues call for experimental justifications

PWFA/LWFA Test Facility based on BEPC-II Linac and HPL has been funded by CAS in Sept. 2023.

Other TF plans under consideration. See Dazhang Li’s presentation

Plasma accelerators are promising candidates for future colliders.

https://indico.cern.ch/event/1335278/contributions/5723847/attachments/2786147/4857789/20240124-IAS%20HEP%20program-DZLI.pdf


CEPC Booster 1.3 GHz 8*9-cell High Q Cryomodule
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CEPC booster 1.3 GHz SRF R&D and industrialization in synergy with CW FEL projects.

World’s first 1.3 GHz cryomodules containing 8*9-cell SRF cavities with medium-temperature furnace baking

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

See Jiyuan Zhai’s presentation

https://indico.cern.ch/event/1335278/contributions/5723789/attachments/2784286/4853718/CEPC%20SRF%20Development%20in%20EDR.pdf


◼ Motivation:

– IBS 20-24 T to reach 𝑠 ~125-150 TeV for SppC, Nb3Sn etc as options

◼ Progress

– A 16T (Nb3Sn + HTS) model dipole under performance test with very promising results

High-field superconducting magnets for SppC
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Roadmap of R&D

See Qingjin Xu’s presentation

Entirely fabricated in China

https://indico.cern.ch/event/1335278/contributions/5723852/attachments/2786112/4857843/HF%20Magnet%20Program%20at%20IHEP-CAS%20-HKUST-Jan%202024.pdf

