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Circular Electron Positron Collider (CEPC)
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𝒆+𝒆− Higgs (Z/W) factory

Ring length ~ 100 km

IP 1

IP 2

❑ The CEPC aims to start operation in 2030’s, as a Higgs (Z/W) factory in China. 

❑ To run at 𝑠 ~ 240 GeV, above the ZH production threshold for ~1M Higgs; at the Z pole for ~Tera Z, 

at the W+W- pair (possible 𝒕 ҧ𝒕 pair) production threshold.

❑ High precision Higgs, EW measurements, studies of flavor physics & QCD, probes of BSM physics.

❑ Possible Super pp Collider (SppC) of 𝑠 ~ 50–100 TeV in the future.

http://cepc.ihep.ac.cn/

http://cepc.ihep.ac.cn/


CEPC Major Milestones
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CEPC CDR Released (2018.11)

CEPC-SPPC Kickoff (2013.9) CEPC IAC Meeting (2015)



CEPC Accelerator Baseline (CDR)
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Baseline: 100 km, 30 MW; Upgradable to 50 MW, High Lumi Z, ttbar 

A very active accelerator R&D program towards a TDR at the end of 2022

http://cepc.ihep.ac.cn/CEPC_CDR_Vol1_Accelerator.pdf



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

εN (μm⸱rad) <800
Bunch Size (um) <2000

IHEP, THU, BNU

Plasma dechirper exp. at THU

CEPC Plasma Injector V2.0

High efficiency uniform wakefield
acceleration of a positron beam using 
stable asymmetric mode in a hollow 

channel plasma
S.Y. Zhou, W. Lu, et al., 
arXiv: 2012.06095v2



CEPC Accelerator Design Improvement
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➢ High luminosities at H and Z factories

• Optimization of parameters, improving 
dynamic aperture(DA) to include errors   
and more effects

• New lattice for high luminosity at Higgs

• New RF section layout

• More detailed study of MDI

• Optimization of the booster design and 
magnets 

• A new alternative design of the LINAC 
injector

• A new plasma injector design 

• Injection design
• ……

➢ Accelerator Review Committee 

o Recommended by the IAC, established & 
met in November, 2019

o Next ARC meeting will be held in Nov., 2021



CEPC Accelerator Design Improvement

767% 259%



CEPC SCRF Test Facility
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Crygenic system hall in 2020

New SC Lab Design (4500m2) SC New Lab will be available in 2021

CEPC SCRF test facility (Lab)：Beijing Huairou (4500m2)



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

At 2K

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

At 2K

➢ IHEP Booster 1.3 GHz 9-cell SCRF cavity:  Q = 3.4E10 @ 26.5 MV/m
➢ Collider ring 650 MHz 2-cell SCRF cavity: Q = 6.0E10 @ 22.0 MV/m
➢ SCRF cavities for both booster & collider ring reach CEPC design goal

Vertical test of 1.3 GHz 9-cell cavity Vertical test of 650 MHz 2-cell cavity



CEPC R&D: 650MHz SCRF Module

10

➢ Beijing PAPS test facility: two 650MHz 2-cell cavity test module 
is under preparation and for CEPC key technology R&D.

HOM Coupler（1kW）HOM Absorber（5kW）

SC Cavity Tuner650MHz Mian Coupler (400kW)



CEPC R&D: High Efficiency Klystrons
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❑ The 1st prototype finished fabrication & passed the max. power test. 
Output power reaches 700 kW in CW mode, 800 kW in pulsed mode. 
Power transfer efficiency achieved  62%.

❑ The 2nd klystron prototype is manufactured and being baked out, 

to be tested at PAPS in 2021, designed efficiency is  77%.

❑ Multi-beam Klystron design is finished, designed efficiency is  80.5%.

❑ One of the key technologies for the CEPC accelerator R&D

Klystron Assembly High Power Test



HTS SC Magnet
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Applied Magnetic Field (T)

REBCO: B ∥ Tape plane

REBCO: B ⊥ Tape Plane

Bi-2212: 50 bar OP

Nb₃Sn: Internal Sn RRP®

Nb₃Sn: High Sn Bronze

Nb-Ti: LHC 4.2 K

REBCO B∥ Tape Plane

2212

Nb3Sn: High Jc

Nb3Sn:

Bronze 

Process 

55×18 filament B-OST strand with  
NHMFL 50 bar Over-Pressure HT. J. Jiang 

et al. 

SuperPower tape, 50 μm 
substrate, 50 μm Cu, 7.5% Zr, 

measured at NHMFL

Nb-Ti
4.2 K LHC insertion 
quadrupole strand 

(Boutboul et al. 
2006)

4.22 K High Field 
MRI strand

(Luvata)

Nb-Ti

REBCO B⊥ Tape Plane

IBS 2019 
(short sample)

Expected IBS 2025

IBS- Iron Based Superconductor
Much lower cost and better 
mechanical properties expected

IEECAS

Fabrication and test of 
IBS solenoid coil at 24T



The CEPC Physics Program
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possibly

Z       W+W- ZH                 𝒕 ҧ𝒕

Operation mode ZH Z W+W-

𝒔 [𝐆𝐞𝐕] ~240 ~91.2 158-172

Run time [years] 7 2 1

CDR

L / IP [1034 cm-2s-1] 3 32 10

𝑳׬ 𝒅𝒕 [ab-1, 2 IPs] 5.6 16 2.6

Event yields [2 IPs] 1106 71011 2107

Latest L / IP [1034 cm-2s-1] 5.0 115 15.4

• CEPC Conceptual Design Report: 

Volume 1 – Accelerator, arXiv:1809.00285

Volume 2 – Physics & Detector, arXiv:1811.10545

The large samples from 2 IPs: 

~106 Higgs, ~2x107 W, ~7x1011 Z bosons 

See MQ Ruan, YQ Fang and Xuai Zhuang’s talks

https://arxiv.org/abs/1809.00285
https://arxiv.org/abs/1811.10545


CEPC Physics Performance (CDR)
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Order of magnitude improvement in precision  Unknown / discoveries 

Compare to the HL-LHC, CEPC can improve 
the precision of Higgs couplings significantly 

❑ Precision EW measurements,

❑ Flavor physics (b, c, tau),

❑ Study of QCD,

❑ Probe physics BSM.

~2→0.5 MeV ~13→1 MeV

CEPC can improve the precision of the 
EW parameters by a factor of ~ 5-10



Discovery Potential for New Physics
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Higgs decays into BSM particles, H→ X1X2

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



Requirements of CEPC Detector
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⚫ Flavor physics          Excellent PID, better than 2s separation of p/K at      

momentum up to ~20 GeV.

⚫ EW measurements   High precision luminosity measurement, L / L ~ 10-4.

The physics motivations dictate our selection of detector technologies



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 



The 4th Conceptual Detector Design
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➢ New detector concept: Si Tracker + DC for PID + PFA Crystal ECAL
+ Thin Solenoid Magnet btw ECAL and HCAL



CEPC R&D: Machine Detector Interface (MDI)
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Crossing angle: 33 mrad,

Focal length: 2.2 m

Final focusing magnets (QD0, QF1) with

Segmented Anti-Solenoidal Magnets

Flexible tube

Cable

+

LumiCal Tracker

Vertex

Silicon Tracker

Beam Pipe
 28→20 mm, Be thickness: 0.85→0.35 mm



CEPC R&D: Silicon Pixel ASIC Chips
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JadePix-3   Pixel size ~1623 mm2

TaichuPix-2, 64192 array

2524 mm2 pixel size

2 layers / ladder Rin~16 mm

Full size TaichuPix-

3 to be used for 

prototyping ladder

CPV4 (SOI-3D), 6464 array

~2117 mm2 pixel size

Upper

chip

Lower

chip

Goal:  s(IP) ~ 5 mm for high P track

CDR design specifications

▪ Single point resolution ~ 3μm

▪ Low material  (0.15% X0 / layer)

▪ Low power (< 50 mW/cm2)

▪ Radiation hard (1 Mrad/year)

Silicon pixel sensor develops in 3 series: 

JadePix,     TaichuPix,     CPV

Tower-Jazz CiS process 

MOST 1

MOST 2



CEPC R&D: Time Projection Chamber
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TPC Prototype + UV laser beams 

❖ Challenge: Ion backflow (IBF) affects the resolution. 

It can be corrected by a laser calibration at low 

luminosity, but difficult at high luminosity Z-pole. 

Baseline main tracker

s(r-) ~100 mm

GEM-MM cathode 

Test of Prototype TPC

Low power FEE ASIC

MOST 1

sx < 100 mm for drift length of 27cm



CEPC R&D: PFA Calorimeters

22



CEPC R&D: ECAL Prototype
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❖ ScECAL prototype with 6700 channels 

❖ 32 active layer (EBU), 22 x 22 cm2, ~22X0

❖ Scintillator (5×45mm2) + MPPC S12571

❖ Embedded FEE (192 SPIROC2E ASICs) 

❖ It has been tested with cosmic rays & an 
electron beam at IHEP (Nov. 2020). 

Goal of ECAL+HCAL+…

4% BMR, e.g. in (Z→nn) (H→gg)
Sc-ECAL Prototype

MOST 1

Cell Granularity: 5mm  5mm

Position resolution: 1.6-1.8mm



CEPC R&D: High Granularity Crystal ECAL
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Incident

particles

❖ Timing at two ends for positioning along bar.

❖ Significant reduction of number of channels.

Energy & time matching 

solves ambiguity

Test board for KLauS-5 in BGA package

M(H→)

SiW ECAL Crystal ECAL

Design Idea
Recon. Algorithm

MC Simulation

Bench Test

Goal

• Comparable BMR resolution 

as with the Sci+W ECAL. 

• Much better sensitivity to 

/e, especially at low energy. 



CEPC R&D: PFA HCAL

• AHCAL with plastic scintillator+SiPM+SPIROC

Prototype in production, size 7272100 cm3,     
40 layers, Fe+Sct+SiPM+PCB=20+3+2=25mm, 
Sct. cell size 4040 mm2

• SDHCAL based on GRPC 

Constructed 11 m2 GRPCs, MIP Efficiency  95%

• SDHCAL based on MPGD

Constructed 10.5 m2 RWell detector, MIP 
Efficiency  96%, count rate  1.8 MHz/cm2

25

4040 mm2

3 mm

6 mm

2 mm
1.5 mm

7
2
c
m

AHCAL SDHCAL

GRPC

RWell

Tested ~ 13k Scintillators
Light Yield：~ 13 ± 0.66



CEPC R&D: Muon Detector
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• RPC R&D applies to both SDHCAL & Muon.

• An alternative is m-RWELL technology. The concept was proved. 
Currently focus mainly on industrialization and cost reduction.

• Scintillator Muon detector. R&D overlaps with Belle II

◼ Building a prototype detector

◼ Scintillator strips, improving quality & cost-reduction.

◼ WLS fiber:  purchased Kuraray, focusing on optical couplings.

◼ SiPM Hamamatsu S13360-13**CS,  and MPPC option.

Achieved st~2ns, 

Aim for 100-200 ps.

mRWELL for PS & Muon

Fudan U.



CEPC R&D: Solenoid Magnet
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Main Challenges

Low mass, ultra-thin,  
high strength cable

With HTS coil

No HTS coil



Collaboration with Industry (CIPC)
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CEPC Site Selection
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➢ Site selection is based on geology, 
electricity supply, transportation, 
environment for foreigners

➢ Local support & economy, …
➢ North site is better for reduction of 

operation cost
➢ Initial CDR study is based on Qing-

Huang-Dao site

❖ More invitations from local governments: Changsha, Changchun, …
❖ Recent visit to Changsha and Changchun: good geology & transportation 

(~20 km from large city & international airport)
❖ Changsha government enlisted Hunan Univ. to conduct a study on the 

benefit that CEPC could bring to Changsha. (visited IHEP in May and July)



CEPC Project Timeline
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➢ 2013-2025：Key technology R&D，from CDR  to TDR, Site selection
➢ Ideal situation: Start construction in the 15th Five-Year Plan



Summary and Prospects
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CEPC is a clean Higgs/W/Z factory with great physics potential
o Improve Higgs/EW precision and BSM sensitivity by 1-2 order of magnitude 
o Great potential on QCD, Flavor Physics and BSM

CEPC CDR released in Nov., 2018, towards CEPC TDR
o Improvement of Higgs/Z luminosity, towards accelerator TDR at the end of 2022
o Proposal for the 4th conceptual detector design, towards detector TDR

Key technology R&D:
o High Q SCRF cavity, High efficiency Klystron, HTS SC magnets, Plasma Injector, …
o Silicon pixel ASIC chip, PFA ECAL prototype, SDHCAL, AHCAL, …

CEPC physics whitepapers, physics potential study for Snowmass 2021/2022

CEPC International Workshops:
o In China:     Beijing (2017.11, 2018.11, 2019.11), Shanghai (2020.10),  Nanjing (2021.Nov.8-12)
o In Europe:  Rome (2018.05), Oxford (2019.04),   Marseille (2022.05 ?)
o In USA: Chicago (2019.09), Washington DC (2020.04, online)
o In HKUST:   Annual IAS HEP program since 2015, specific topics every year

Funding support in China: MOST, NSFC, CAS, Institutes, Local governments…



Recent CEPC Workshops
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Next CEPC International Workshop

at Nanjing University, Nov. 8-12, 2021

You are very welcome to participate

https://indico.ihep.ac.cn/event/14938/

https://indico.ihep.ac.cn/event/14938/


Please stay tuned, thanks



Prospects
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• Suggestions to MOST for R&D support and validations of key technologies & innovations   

• Planning next round design improvement, R&D, site investigations-study

• CEPC physics whitepaper; physics potentials in Snowmass 2021/2022 arena

Continuing R&D and deep understanding of physics potentials 

International Collaboration and Engagement

• Regular-formal annual meetings with major international labs and partners

• Actively participating in European Strategy Update and Snowmass activities

• Engaging actively in ILC, FCC as well as HL-LHC upgrade activities

• Actively participating international detector R&D collaborations: CALICE, LPTPC, RD*, …

• R&D and make major progress + breakthroughs in common technologies

• Plan to form two international collaborations

• Finding and sharing solutions to common issues (design, accelerator/detector components, …) 

• ……



CEPC White Papers

35



CEPC Study for Snowmass: Physics
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CEPC Study for Snowmass: Detector R&D
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CEPC Vertex and Tracker
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Full Silicon Tracker Concept
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CEPC R&D: TPC/DC for Particle ID
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◆Both TPC & DC in the two designs have good PID, with dE/dX or dN/dX (cluster counting).

◆The FST solution needs a supplement PID. A combination of different PID detectors is also possible. 

◆Aim is to for have 2s p/K separation for  P<~20 GeV/c.

① Drift chamber between the outer layers of FST. The dN/dX method 

is more efficient. It is a joint R&D effort with the IDEA DC. But the 

DC can be optimized for PID only, not its tracking capability.

② Time of flight detector, e.g. LGAD. The time resolution ~20-30 ps

today. Resolution of 10 ps is possible by the time of CEPC.

◆ Other options, e.g. an aerogel RICH, will also be considered.
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IDEA Drift Chamber
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The main tracker 

in IDEA design

Gas: He/iC4H10 (90:10)%

Spatial resolution: <100 mm

Max drift time: ~ 350 ns

Transverse Momentum [GeV/c]

s
P

T
/ 
P

T

Forward

Barrel

MC

DAQ for prototype drift 

tube to study front end 

data compression.

Cluster counting for PID

AD9689 – 2000 EBZ Xilinx KCU105



DR Calorimeter & SCEPCAL
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A 3×3 towers ECal-size prototype has 

been built, waiting for testbeam.

Dual Readout calorimeter 

in the IDEA design

Tower: 20 rows × 16 columns

160 scint. fibers 160 Cherenkov fibers

SCEPCAL

Timing layer  st ~ 20 ps

• LYSO Ce crystal (~1X0)

• 3×3×54 mm3 active cell

• 3×3 mm2 SiPMs (15-20 mm)

ECAL layer  sE/E~ 3%/ E
• PbWO crystals

• Front segment (~6 X0)

• Read segment (~16 X0)

• 10×10×200 mm3 Crystals

• 5×5 mm2 SiPMs (10-15 mm)

Combining Crystal ECal and DR Calorimeter

by Eno, Lucchini, and Tully et al. (arXiv:2008.00338)



Accelerator R&D:  High Q SRF Cavities
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Booster 1.3GHz 9 cell cavity

Collider ring 650Mhz 2 cell cavity

650 MHz 2-cell cavity reached 6E10@22MV/m after N-infusion, which has exceeded CEPC Spec （Q=4E10@Eacc=22MV/m）. 



HL-LHC Magnet and HTS SC Magnet

44The 1st prototype has been delivered to CERN and successfully tested, production has started.



CEPC R&D: Magnets etc.
➢ Magnets, EM-separators, Vacuum Pipes, …



The Experimental Area
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.

Ground level buildings

Main cavern to host the detector 

• 40*30*30 m3 (L*H*W)

• One main access shaft, Ø16 m

• An 1K-ton gantry crane for large heavy objects

Auxiliary cavern for peripheral equipment and devices 

• 80*18*18 m3 (L*H*W)

• One service shaft of Ø9 m

• One personnel access shaft Ø6 m



Worldwide Lepton Colliders
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➢ An electron-positron Higgs factory is 
the highest-priority next collider.


