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Introduction

▄▄ Higgs (Z) factory

Ring length ~ 100 km

IP 1

IP 2

Ç A Higgs factory - to run at ί~ 240 GeV, 

above the ZHproduction threshold for Ó1 M 

Higgs; at the Z pole for ~Tera Z;    at the 

W+W- pair and then ◄Ӷ◄pair production 

thresholds. Probes of physics BSM.

Ç The CEPC aims to start operation in 2030ôs, 

as a Higgs (Z / W) factory in China. 

The idea of CEPC followed by a possible Super proton-proton 

collider(SppC) was proposed in Sep. 2012, and quickly gained the 

momentum in IHEP and in the world.

ï Looking for Hints@e+e- Collider Č If yes, direct search at pp collider

ï The tunnel can be re-used for pp, AA, ep colliders up to ~ 100 TeV
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Introduction
CEPC team took steps to advance
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http://cepc.ihep.ac.cn 

2013 

20232018

2015



CEPC Status and Progress 



CEPCAcceleratorTDR Published
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CEPC accelerator TDR has been completed and 

formally released on December 25, 2023

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

Distribution of CEPC Project total TDR cost 

of 36.4B RMB  (~ 5B Ŏ)

published in
RDTM Vol.8 
June 2024

http://cepc.ihep.ac.cn/CEPC_tdr.pdf
http://english.ihep.cas.cn/nw/han/y23/202312/t20231229_654555.html
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ColliderBooster

tt H W Z
Off axis 

injection

Off axis 

injection

On axis 

injection

Off axis 

injection
Off axis injection

Circumfer. km 100

Injection 

energy
GeV 30

Extraction 

energy 
GeV 180 120 80

45.5

Bunch number 35 268 261+7 1297 3978 5967

Maximum 

bunch charge
nC 0.99 0.7 20.3 0.73 0.8 0.81

Beam current mA 0.11 0.94 0.98 2.85 9.5 14.4

SR power MW 0.93 0.94 1.66 0.94 0.323 0.49

Emittance nm 2.83 1.26 0.56 0.19

RF frequency GHz 1.3

RF voltage GV 9.7 2.17 0.87 0.46

Full injection

from empty
h 0.1 0.14 0.16 0.27 1.8 0.8

Higgs Z W ◄Ӷ◄

Number of IPs 2

Circumference (km) 100.0

SR   power per beam (MW) 30

Energy (GeV) 120 45.5 80 180

Bunch number 268 11934 1297 35

Emittance ex/ey (nm/pm) 0.64/1.3 0.27/1.4 0.87/1.7 1.4/4.7

Beam size at IP sx /sy (um/nm) 14/36 6/35 13/42 39/113

Bunch length (natural/total) 

(mm)
2.3/4.1 2.5/8.7 2.5/4.9 2.2/2.9

Beam-beam parameters xx /xy 0.015/0.11 0.004/0.1270.012/0.113 0.071/0.1

RF frequency (MHz) 650

Luminosity per IP (1034 cmï2 sï1) 5.0 115 16 0.5

Linac

DR

Booster
Collider

180GeV

1.1GeV
30~180GeV dump
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CEPC Parameters and Layout
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Key Accelerator Technology Readiness
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key technology R&D spans all component for CEPC

ready for construction by 2027-8

Key Technologies for the CEPC



CEPC Detector R&D
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Vertex detector

particle ID +main tracker



CEPC Detector R&D
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EM + hadron colarimeters prototypes

software

new crystal EM calorimeter for better resolution



Project Development
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ÅCAS is planning for the 15th 5-years plan for large science projects, and a steering 
committee has been established, chaired by the president of CAS

ÅHigh energy physics, as one of the 8 groups, accomplished the following:

Å Setting up rules and the standard(based on scientific and technological merits, strategic value and 
feasibility, R&D status, team and capabilities, etc.), established domestic and international 
advisory committees

Å Collected 15 proposals and selected 9, based on the above-mentioned standard

Å Evaluations and ranking by committees after oral presentations by each project 

ÅCEPC is ranked No. 1, with the smallest uncertainties, by every committee

ÅA final report was submitted to CAS for consideration

Domestic senior HEP. Asso. Nuclear Asso. IAC Average



Super proton-proton Collider
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SppC
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Super proton-proton Collider
Ecm up to 125 TeV with 100 km ring
2 IPs, 1035 cm-2s-1 per IP
new machine after the CEPC
can extend to heavy ion collisions
retaining the CEPC collider
add possible ep option

Current consideration for SppC
design compatible with a future SppC layout
20T B field, twin-aperture magnets
new HTS (even IBS) magnets (in 20-30 years)
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SppC
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Å16Tmodel dipole magnetunder development: Nb3Sn12~13T+ HTS3~4T. Thehighest
quenchfield reachedover14T@4.2Kin 2023. 16T@4.2Kto be realizedin 2024.

ÅStainless-steel stabilized IBStape achieved the highest Je in 2022. Significantly
reducedcostand raisedmechanicalproperties. IBSmodel coilsreached60A @32T.

ÅChina& CERNCollaborationon acceleratortechnology: development of HL-LHC
CCTmagnetsgoingwell. Halfof 12+1 magnetshavebeendeliveredto CERN

16T Model Dipole under development

Development of CCT 

Magnets for HL-LHC



CEPC Plan

üEngineering Design towards anEDR

üA reference design detector for domestic evaluation

ü15th FYP



Engineering Design towards an EDR
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CEPC EDR Phase General Goal (2024-2027):

CEPC accelerator will enter the Engineering Design Report (EDR) phase (2024-2027); its also 
the preparation phase with the aim for CEPC proposal to the Chinese government ~2025for 
approval. 

2012.9           2015.3                      2018.11                2023.10       2025              2027  15th five year plan 
CEPC proposed       Pre-CDR                                       CDR                                     TDR            CEPC Proposal               EDR         Start of construction

CEPC Accelerator EDR Phase goals, scope and the working plan (preliminary)  of 35 
WGs summarized  in a   documents of 20 pages to be reviewed by IARC in 2024

CEPC EDR includes accelerator and detector (TDRrd)
CEPC detector TDR reference design (rd) will be released by June 30, 2025



EDR Scope and Plan
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Basedon the CEPCTDRacceleratordesign,demonstratea completeand
coherent feasibility EDRdesign, which will guaranteethe construction,
commissioning,operation,andupgradepossibilities.

TheCEPCEDRacceleratordesignshouldguaranteethe physicsgoalswith
requiredenergies(Higgs,W and Z pole, with ttbar asupgradepossibility)
andcorrespondingrequiredluminositieswith 30MW synchrotronradiation
power/beamasa baseline,and50MW asupgradepossibility.

Basedon the CEPCTDRacceleratorkey technologyR&D achievement,
completethe acceleratorengineeringdesignandnecessaryEDRR&Dto be
readyfor industrialfabrications.

Complete a practical procurement strategy and logistics with both
domesticandinternationalsuppliers.

In collaboration with local government, CAS and MOST (central
government), CEPCsites converge from serval candidates to a EDR
construction site satisfying the required geologicalconditions, electric
power and water resources,socialand environmentconditions,domestic
and international transportationnetwork conditions,internationalscience
city,andsustainabledevelopment, etc.

Completedetailed constructionsite geologicalstudiesand corresponding
sitedependentcivilengineeringdesignandgeneralutility facilitydesign.

Complete the radiation, security, environment assessmentstudies and
necessarydocumentsςso called CEPCPROPOSAL,around 2025ready for
the applicationto the central governmentto get the formal approvalof
constructionin theά15th five yearǇƭŀƴέ

Make detailed analysisand preparationfor the human resourcesneeded
for the completionof CEPCconstruction.

In the EngineeringDesignPhase,createand maintaina completedatabase,
such as cost items with information regarding technologymaturity (TRL),
designcompleteness,and costbasis,to identify and prioritizeareasfor R&D,
prototypingandindustrialization.

Workout a detailedconstructiontime line andplan in relationwith industrial
fabrications,measurements,transportations,storagewarehouses,installation,
humanresourceevolution,etc.

Workout detailson 3% installationand 3% commissioningitems of the total
acceleratorcost.

Improvedesignmaturity of severalsystems(particularlyMDI and cryogenics)
anddevelopsystemintegration.

Implementthe risk-mitigation plan in the productionand procurementplans
to eliminate major risk during the mass production, providing multiple
vendorsand multiple production lines (for example,demonstrateautomatic
magnetsproductionline andNEGcoatedvacuumchambersmassproduction
facility )
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Consider re-optimizing the technical design of components and
systemswith largeelectricityconsumptiontakinginto accountboth
capitalandoperationalexpenditure

Defineunambiguouslywhat constitutesthe endof the construction
project.

For labour-intensive, high-volume activities, in particular the
componentsof the collider and booster, refine and review the
productionmodelto checkthe availabilityof in-houseresources.

Riskassessmentandriskmanagement

Based on TDR cost estimate, make an updated EDR cost estimate.

Carefully consider the recommendations from CEPC accelerator 
TDR review and TDR cost review committees, IARC and IAC, etc.

Continues efforts in green collider and sustainable development 
with energy saving technologies, wastheat reuse, energy recovery, 
and green energy utilization, etc. 

Establishmore internationalcollaborations,international
involvement, and industrial preparations both from
domesticandinternationalcompaniesandsuppliers.

Refinethe CEPCmanagementstructure in relation with
host lab. Refinethe CEPCconstructionfundingmodes.

Obtain the necessary EDR plan and scope related
fundings.

/ƻƳǇƭŜǘŜ ά/9t/ tǊƻǇƻǎŀƭέ ŀǊƻǳƴŘ нлнр ǊŜŀŘȅ ŦƻǊ 
application of  final selection of the 15th 5-year plan, and 
complete EDR around 2027 before the construction.



Engineering Design towards an EDR
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EDR - Examples
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EDR - Examples



Industrial Partners and Suppliers
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TDR of a Reference Detector
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Date Actions and/or Expectations

Jan 1, 2024 Start the process by comparing different technologies

Jun 30, 2024
Baseline technologies, general geometric configuration 

and key issues are decided

Oct 31, 2024
Discuss the ref-TDR at the CEPC workshop, report 

progresses to the CEPC IAC

Dec 31, 2024 The first draft of the ref-TDR is ready for internal reviews

Apr 15, 2025 international review

Jun 30, 2025 The ref-TDR for ready for public reviews

Oct 30, 2025 Submit the ref-TDR for publication

Foundations: 
Å CEPC Instrument R&D
Å LHC detector upgrade projects
Å other HEP experiments
Å progress in HEP worldwide R&D
Å development in industry

üThe CEPC study group is in process to produce TDR of a reference detector 
(ref-TDR) by June 2025, aiming mainly for domestic endorsement

üCEPC will continue to seek for better technologies, and decide the final 
detectors within the CEPC international collaborations



Technologies for Ref-TDR
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R

 System

Beam  pipe

LumiCal

Vertex

HCAL

Magnet

Muon

TDAQ

BE electr.

GS+SiPM+Fe PS+SiPM+Fe RPC+Fe

SPD OTrk

Technologies

F20 mm

SOICMOS PixelCMOS+Stitching

SiTrk+Crystal

ECAL

LGAD ToF

Tracker

4D Crystal Bar Stereo Crystal Bar

SPD ITrk

Pixelated TPC PID Drift Chamber

AC-LGAD OTrk
SSD OTrk

GS+SiPM PS+SiPM+W SiDet+W

Baseline

LTS

PS Bar+SiPM

HTS

RPC

For Comparison

Conventional Software Trigger

Common Independent
An international review committee
has been formed to guide and 
review the design



Technologies for Ref-TDR
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Technologies for Ref-TDR
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CEPC Plan ï15th FYP
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ütǊŜǇŀǊŀǘƛƻƴ ƛǎ ōŜƎƛƴƴƛƴƎΧΦ

ü Procedure not clear

ü The overall funding not known yet

ü Coordination among IHEP, CAS, local-national governments expected

ü CEPC aims at a start date in 2027-8, in the middle of the 15th FYP

CEPC team will complete the detector TDR_rd, well into the EDR, and 

make ready the necessary documents for the proposal

Preparation for Chinaôs 15th Five Year Plan (2026-30)
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Ideal Schedule

15th FY 16th FY

TDR (2023), EDR(2026), start of construction (2027-8)
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Summary

CEPC

Å is on the path to converge into a complete package

Å EDR process will reduce the cost and benefit the community

Å is committed to strive to maximize international collaboration

Å great help from international scientists and labs which are 
essential for CEPC

Åis making strong effort to complete a proposal to the 
government for approval

Åwill offer the HEP community an early Higgs factory if successful
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Introduction
Overall CEPC Concepts and Requirements
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Scientific objectives̔ discovery + precision measurement

Direct and indirect proble to new 
physics up to 10 TeV, an order of 
magntitude higher then HL-LHC

Higgs coupling 
measurement can be 
improved by orders 
magnititude 

Electroweak 
measurement can be 
improved by
a large factor

Physics white papers published 

and to be published 

Introduction
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CEPC TDR Layout & Design Essentials
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Common tunnel for 
booster/collider & SppC

Switchable operation for Higgs W and Z
¸ Circular collider : Higher luminosity than a linear collider

¸ 100km circumference: Optimal total cost

¸ Shared tunnel: Compatible design for CEPC and SppC

¸ Switchableoperation: Higgs, W/Z, top

Baseline: 100 km, 30 MW; Upgradableto 50 MW, High LumiZ, ttbar



CEPC TDR Operation Plan
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Particle
Ec.m.

(GeV)
Years

SR 
Power
(MW)

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

Integrated 
Lumi. / yr

(abς1, 2 IPs)

Total 
Integrated L 
(abς1, 2 IPs)

Total no. of 
events

H*
240 10

50 8.3 2.2 21.6 4.3 ³106

30 5 1.3 13 2.6 ³106

Z
91 2

50 192** 50 100 4.1 ³1012

30 115** 30 60 2.5 ³1012

W
160 1

50 26.7 6.9 6.9 2.1 ³108

30 16 4.2 4.2 1.3 ³108

ὸӶὸ
360 5

50 0.8 0.2 1.0 0.6 ³106

30 0.5 0.13 0.65 0.4 ³106

**   Detector solenoid field is 2 Tesla during Z operation, 3Tesla for all other energies.
*** Calculated using 3,600 hours per year for data collection. 

*     Higgs is the top priority. The CEPC will commence its operation with a focus on Higgs. 
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SRF System Design and Upgrade Plan

Â SRF layout and parameters are designed to

meet physics requirements;

Â Starting from Higgs, H/W/Z/ttbar can be

switchable

Â RF system design optimized for Higgs 30/50

MW. Power and energy can be upgraded by

adding cavities, RF power sources, cryogenic

plants and other systems

Â Use dedicated high current 1-cell cavity for 10-

50 MW Z. Solve the FM & HOM CBI problems.

H/W/Z/ttbar bypass scheme
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Technologies for Ref-TDR
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CEPC Status ïsite selection
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