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The Circular Electron Positron Collider (CEPC)

11/17/2023 2

𝒆+𝒆− Higgs (Z) factory

Ring length ~ 100 km

IP 1

IP 2

❑ The Higgs boson was discovered in 2012 by ATLAS & CMS, with a mass ~125 GeV.

❑ The CEPC was proposed right after the discovery, as an e+e- Higgs / Z factory, aiming to start

operation in 2030s.

❑ To produce Higgs / Z / W / top for high precision Higgs, EW measurements, studies of flavor

physics & QCD, and probes of physics BSM.

❑ It is possible to upgrade to a pp collider (SppC) of 𝑠 ~ 100 TeV in the future.

Changchun

Qinhuangdao

Huzhou

Shenshan

Changsha

Huangling

Potential CEPC Sites

Zhengzhou

http://cepc.ihep.ac.cn



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

concluded that CEPC is the beat approach and

a major historical opportunity for the national

development of accelerator-based high energy

physics program.

2020: European Strategy for Particle Physics, 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

2022: ICFA “reconfirmed the international

consensus on the importance of a Higgs factory

as the highest priority for realizing the

scientific goals of particle physics”, and

expressed support for the above-mentioned Higgs

factory proposals

The scientific importance and strategical value

of e+e- Higgs factories is clearly identified. 

US contribution in a specific Higgs factory

P5 report, USA, 2023



Higgs Factory Proposals

11/17/2023 4

Luminosity / IP  (CEPC vs FCC-ee)

CEPC FCC ILC CLIC

Constr. starts 2027 2032 2030 2035

L / IP (1034cm-2s-1) 5-8 8 ~1 ~1

Cost (GCNY) 36 150 50 522

CEPC has strong advantages among 

the mature e+e- Higgs factories

Versus FCC-ee

o Earlier data: ( ~ 5-10 years)

o Better quality, flexible for ee / pp

o Lower construction cost

Versus  LC

o Higher luminosity ~ ×(5-10)

o Operate at Z energy

o Upgradable to pp collider



CEPC Operation Plan
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CEPC accelerator TDR (Xiv:2312.14363) 

Operation mode ZH Z W+W- 𝒕 ҧ𝒕

𝑠 [GeV] ~240 ~91 ~160 ~360

Run Time [years] 10 2 1 5

30 

MW

L / IP [1034 cm-2s-1] 5.0 115 16 0.5

𝐿׬ 𝑑𝑡 [ab-1, 2 IPs] 13 60 4.2 0.65

Event yields [2 IPs] 2.6106 2.51012 1.3108 4105

50

MW

L / IP [1034 cm-2s-1] 8.3 192 26.7 0.8

𝐿׬ 𝑑𝑡 [ab-1, 2 IPs] 21.6 100 6.9 1

Event yields [2 IPs] 4.3106 4.11012 2.1108 6105

The first 10 years will be Higgs production

+ Low-Luminosity Z (for calibration and physics)

possibly

Z     W+W- ZH              𝒕 ҧ𝒕



Opportunity for Precision Measurements and Discoveries
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Sensitive to NP of 10 TeV

or even higher

Higgs: Precisions exceed HL-LHC 

by ~ 1 order of magnitude 

EW: precision improves

by 1-2 orders of magnitude

Higgs white paper was published in 2019

White papers on flavor, EW, QCD are in process



CEPC Design Reports
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Accelerator

TDR Released

(2023.12)

arXiv: 1809.00285 arXiv: 1811.10545

1143 authours

222 institutes (140 foreign)

24 countries

Pre-CDR Released

(2015.03)

CEPC 

Engineering Design Report

EDR of

Accelerator

2027

CEPC 

Technical Design Report

TDR

Reference Detector

2025.06

arXiv:2312.14363

1114 authors

278 institutes (159 foreign)

38 countries

CDR Released

(2018.11)

Proposed

(2012.09)

Kick-off Meeting

(2013.09)



CEPC Layout and Design Essentials
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Cost optimization
vs circumference

Switchable operation 
for Higgs W and Z

Common tunnel for
booster/collider & SppC

⚫ Optimal 100 km circumference

⚫ Shared tunnel for booster, collider and SppC

⚫ Baseline: 30 MW, upgradable to 50 MW and 𝑡 ҧ𝑡

⚫ Switchable between Higgs, W/Z, and top modes

D. Wang et al 2022 JINST 17 P10018



Key Components and Prototype R&D
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Benefit from BEPC II, HEPS, and accelerator key technology R&D platform 

Key technology R&D spans over all components listed in the CEPC CDR

✔ Specification Met

✔ Prototype Manufactured

Accelerator Fraction

✔ Magnets 27.3%

✔ Vacuum 18.3%

✔ RF power source 9.1%

✔ Mechanics 7.6%

✔ Magnet power supplies 7.0%

✔ SC RF 7.1%

✔ Cryogenics 6.5%

✔ Linac and sources 5.5%

✔ Instrumentation 5.3%

✔ Control 2.4%

✔ Survey and alignment 2.4%

✔ Radiation protection 1.0%

✔ SC magnets 0.4%

✔ Damping ring 0.2%



CEPC Accelerator TDR

06/17/2024

Total 36.4B CNY
Domestic Civil Engineering

Cost Review, June 26, 2023

International Technical Review

@ HK, Jun 12-16, 2023

International Cost Review @ HK,

Sept 11-15, 2023

Endorsed by CEPC IAC

Oct 29-31, 2023

10

arXiv:2312.14363

1114 authors

278 institutes

(159 foreign institutes)

38 countries

Accelerator TDR

officially released

on Dec 25, 2023
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https://indico.ihep.ac.cn/event/22089/contributions/167861/
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https://indico.ihep.ac.cn/event/22089/contributions/167861/


From CEPC Accelerator TDR to EDR
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Accelerator

EDR by 2027 

The goal, scope and plan of the CEPC accelerator EDR

were reviewed by the IARC on Sept 18-20, 2024

2012.09            2015.03             2018.11                    2023.12        2025            2027      15th FYP
CEPC proposed           Pre-CDR                            CDR                                        TDR            CEPC Proposal              EDR       Start of construction

Ref-Detector TDR

by June 2025

Construction starts

during the 15th FYP



Requirements on Detector Design
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Sub-system Key technology Key Specifications

Vertex 6-layer CMOS SPD srf ~ 3 mm, X/X0 < 0.15% per layer

Tracking
CMOS SPD ITK,  AC-LGAD SSD OTK,

TPC + Vertex detector
𝜎

1

𝑃𝑇
~2 × 10−5 ⊕

1 × 10−3

𝑃 × 𝑠𝑖𝑛3/2 𝜃
𝐺𝑒𝑉−1

Particle ID
dN/dx measurements by TPC

Time of flight by AC-LGAD SSD

Relative uncertainty ~ 3%

s(t) ~ 30 ps

EM Calorimeter High granularity crystal bar PFA calorimeter
EM resolution ~ Τ3% 𝐸(𝐺𝑒𝑉)

Granularity ~ 112 cm3

Hadron Calorimeter Scintillation glass PFA hadron calorimeter

Support PFA jet reconstruction

Single hadron 𝜎𝐸
ℎ𝑎𝑑~ Τ40% 𝐸(𝐺𝑒𝑉)

Jet 𝜎𝐸
𝑗𝑒𝑡
~ Τ30% 𝐸(𝐺𝑒𝑉)

❑ Lifespan: 10 years for Higgs + LowLum Z; It would be better ~18 years of HZ, Z, W+W-, t ҧt

❑ The detector system should be able to handle event rates:

▪ Higgs mode @ L = 8.3 1034 cm-2s-1: beam-beam crossing ~ 1.34 MHz, ZH ~16.6 mHz, 𝑞ത𝑞 ~ 5.0 Hz

▪ Z mode @ L = 1.92 1036 cm-2s-1: beam-beam crossing ~ 39.3 MHz, visible Z ~ 66 kHz

❑ Endure radiation damage and noise hit rates:

Max noise hits ~ 0.6 MHz / cm2, Max TID ~2.1 Mrad/year in Higgs mode



Configuration of A Reference CEPC Detector
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IDEA concept

(also for FCC-ee)

Full Silicon

Tracker

(Baseline Design) The 4th Concept 

SC Magnet

(3T/2T)

LumiCal

Yoke + 

Muon (PS+SiPM)

Vertex

(MAPS SiPixel)

Crystal PFA ECAL 

(Transverse bar)

OTK

(AC-LGAD)

ITK

(MAPS SiPixel)

PFA  HCAL

(Scintillation Glass)

TPC

(Pixelated readout)



TDR of A Reference CEPC Detector
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TDR of A Reference Detector

(Ready by June 2025)

1) Physics Goal and Requirements

2) Concept Introduction

3) MDI and Luminosity Detectors

4) Vertex Detector

5) Silicon Trackers

6) Gaseous Trackers

7) Electromagnetic Calorimeter

8) Hadron Calorimeter

9) Muon Detector

10) Superconducting Solenoid Magnet

11) General Electronics

12) Trigger and Data Acquisition

13) Software and Computing

14) Mechanics and Integration

15) Physics Performance

16) Overall Cost and Project Timeline

● Demonstrate readiness and feasibility of detector technologies

● Provide a realistic detector cost estimation

● Assess requirements and availabilities of people power

Baseline Backup / Comparison

BeamPipe F20 mm

LumiCal SiTrk + Crystal

Vertex CMOS + Stitching CMOS Si Pixel

CMOS Si Pixel ITK SSD+RO Chip, CMOS SSD

Pixelated TPC PID Drift Chamber

SSD / SPD OTK

LGAD ToF

ECAL 4D Crystal Bar
Stereo Crystal Bar,  GS+SiPM

PS+SiPM+W,  SiDet+W

HCAL GS+SiPM+Fe PS+SiPM+Fe,    RPC+Fe

Magnet LTS  HTS

Muon PS bar+SiPM  RPC

TDAQ Conventional  Software Trigger

BE electr. Common  Independent

 System

Tracker

Technologies

AC-LGAD OTK

Continue pursuing better technologies

Performance

Cost

R&D efforts

Tech maturity

…



Detector R&D (I)
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JadePix4
Pixel Vertex

TaichuPix3

Curved MAPSPrototype VTX

55nm COFFEE chip

HV-CMOS

Inner Tracker

Barrel

Stave

Endcap

Double-face

Module

AC-LGAD Tracker

LGAD

Time Projection Chamber



Detector R&D (II)
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Prototype sampling

ECAL & HCAL

AHCAL

Scintillator

Bar Muon

𝝐 > 𝟗𝟓%

Glass

Scintillator

4D Crystal

Bar ECAL

Incident

particles

LTS Solenoid Magnet



Geometry and Mechanical Support
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Subsystem Supported By

Barrel Yoke Base

Magnet Barrel Yoke

Barrel HCAL Barrel Yoke

Barrel ECAL Barrel HCAL

TPC+ Barrel OTK Barrel ECAL

ITK TPC

Beampipe+VTX+LumiCal ITK

Endcap Yoke Base

Endcap HCAL Barrel HCAL

Endcap ECAL+OTK Barrel HCAL

Planning: detector installation, order

of mechanical support, layout of the

experimental hall



Detector Installation Design
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YokeMagnetHCALECALTPC(OTK)End ECAL(OTK) ITKEnd HCAL

ACC Component
Beampipe

(Vertex)



Review By The CEPC IDRC
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Ivan Villa Alvarez IFCA

Daniela Bortoletto (Chair) U. Oxford

Jim Brau U. Oregon

Anna Colaleo INFN/Bari

Paul Colas CEA Saclay

Cristinel Diaconu CPPM

Frank Gaede DESY

Colin Gay UBC

Liang Han USTC

Gregor Kramberger IJS

Bob Kowalewski U. Victoria

Roman Poeschl IJCLab

Burkhard Schmidt CERN

Maxim Titov CEA Saclay

Tommaso Tabarelli de Fatis INFN/Milano-Bicocca

Roberto Tenchini INFN/Pisa

Christophe De La Taille OMEGA/CNRS

Hitoshi Yamamoto Tohoku U.

Akira Yamamoto KEK

❑ The CEPC IDRC (International Detector Review

Committee) reviewed the status and plan of the

Ref-TDR Oct 21-23, 2024 at IHEP

❑ No showstopper was found. Recommendations to

be implemented

The CEPC International Detector

Review Committee Meeting
Oct 21-23, 2024, IHEP



International Collaborative Efforts on Detector R&D
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❖ Some detector R&D efforts were within the international detector R&D collaborations,

e.g. CALICE, LCTPC, & RD*

❖ Now much broader participation in the ECFA DRD program

Sub-system DRD Sub-system DRD

Pixel Vertex Detector 3 Electromagnetic Calorimeter 6

Inner Silicon Tracker 3 Hadron Calorimeter 1, 6

Outer Silicon Tracker 3 Machine Detector Interface (8)

Gas Tracker 1 (TPC/DC) Mechanical and Integration (8)

Muon Detector 1 (RPC) General Electronics (7)

Electromagnetic Calorimeter 6 Trigger and DAQ (7)

Hadron Calorimeter 1, 6 Offline Software

Super Conducting Magnet



R&D Teams on CEPC Detector
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❑ Researchers from ~48 major domestic research institutes actively participate in the CEPC

detector R&D projects. More are joining.

❑ Currently, about 90 staff members from IHEP are working on the CEPC detector and physics, and

about 200 from other institutes.

❑ Many of them were key members in building major China-based successful experiments: BES,

DayaBay, JUNO, LHAASO, …

❑ Some take fast rising roles in major experiments abroad: ATLAS, CMS, LHCb, ALICE, AMS, …

❑ JUNO will switch to operation mode soon. More researchers, especially engineers, will shift their

focus onto CEPC.

❑ International participations (~30 institutes) in subdetector R&Ds, e.g. MAPS detector, TPC, PID

Drift chamber, …

❑ When CEPC receives official endorsement, these are seeds of the two international collaborations.



International Efforts Towards Collaborative Experiments
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❖ Institution Board: 32 top domestic universities/institutes

❖ The International Advisory Committee (IAC) started in

2015, and held meeting yearly.

❖ Two international review committees for R&D: IARC

and IDRC started in 2019.

❖ The CEPC study group consists of ~1/4 international

members. We hope to boost up the rate.

Institution Board

Steering Committee

Project Director

Project Office

Accelerator TheoryDetector

International

Detector Review

Committee

International

Advisory Committee

International

Accelerator Review

Committee



International Workshops
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❖ International workshops (with emphasis on the CEPC):

◼ In China: Beijing (2017.11, 2018.11, 2019.11),  Shanghai (2020.10 / hybrid),  Nanjing (2021.11 / online,  

2022.11 / online, 2023.10), Hangzhou (2024.10), xxxxx(2025.10)

◼ In Europe: Rome (2018.05), Oxford (2019.04), Edinburgh (2023.07), Marseille (2024.04), Barcelona (2025.05)

◼ In USA: Chicago (2019.09),   DC (2020.04 / online)

◼ Annual IAS program on HEP (HKUST) since 2015. The upcoming one is between Jan 13-17, 2025

❖ Many topic-specific workshops at various sites



Participating and Potential Collaborating Companies
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CEPC Industrial Promotion Consortium

(CIPC, established in Nov. 2017)

Potential international

collaborating suppliers



Ideal Timeline of CEPC
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15th FY 16th FY

TDR of a Ref-Detector

@ June 30, 2025

International

Collaborations

Completion of

Accelerator EDR

Completion of

Detector TDR


