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CEPC International Workshop at Marseille, April 8 – 11, 2024
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Circular Electron Positron Collider (CEPC)
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𝒆+𝒆− Higgs (Z) factory

Ring length ~ 100 km

IP 1

IP 2

❑ CEPC is an e+e- Higgs factory producing Higgs / W / Z bosons and top quarks, 

aims at discovering new physics beyond the Standard Model

❑ Proposed in September 2012 right after the Higgs discovery

❑ Upgrade: Super pp Collider (SppC) of 𝒔 ~ 100 TeV in the future.

http://cepc.ihep.ac.cn 



CEPC Major Milestones
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CEPC CDR Released (2018.11)

CEPC-SPPC Kickoff (2013.9) First CEPC IAC Meeting (2015.9)



CEPC Major Milestones
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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

CEPC Accelerator TDR 

released in December, 2023

arXiv:2312.14363
1114 authors

278 institutes

(159 foreign institutes)

38 countries

Distribution of CEPC Project TDR 

cost of 36.4B RMB (~4.7B Euro)

9th CEPC IAC 2023 Meeting 

Oct. 30-31, 2023, IHEP



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

concluded that  CEPC is the best approach and a 

major historical opportunity for the national 

development of accelerator-based high-energy

physics program.

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.

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.

2017: Japan Association of High Energy Physicists 

(JAHEP) proposes to construct A 250 GeV center 

of mass ILC promptly as a Higgs factory.

JAHEP

Japan

P5 report, USA, 2023

China

Europe



Comparison of Higgs factories: Circular vs Linear
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CEPC Accelerator white paper for

Snowmass21, arXiv:2203.09451

Versus FCC-ee
o Earlier data: collisions expected in 2030s (vs.  2040s)

o Large tunnel cross section (ee & pp coexistence)

o Lower construction cost 

Versus Linear Colliders
o Higher luminosity / precision for Higgs & Z 

o Potential upgrade for pp collider 

CEPC has strong advantages among mature 

e+e− Higgs factories (design report delivered) 

Z

WW

H

tt



CEPC Physics Program
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➢All elementary particles in the SM are discovered, it’s a very successful 

theory. But we still have many open questions to be addressed:

o Is mass hierarchy of elementary particles normal ?

o Is fine tuning of Higgs mass natural ?

oWhy a meta-stable vacuum ?

oWhat are the dark matter particles ?

o Unification of interaction at very high energy ?

o…

➢Higgs is considered as a new tool to explore physics beyond the SM. 

➢CEPC can produce millions of Higgs bosons and trillions of Z bosons 

with “clean” e+e- collision, it can provide unprecedented precision on 

Higgs, EW, QCD and flavor physics, and probe new physics up to 10 TeV.



CEPC Physics Program: Precision Measurement
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Direct and indirect probe to 

new physics up to 10 TeV, an 

order of magntitude higher 

than the HL-LHC

Higgs coupling precision can 

be improved by an order of 

magnititude 

EW measurement can be 

improved by a large factor

❖ ~ 300 Journal / arXiv papers CEPC can reveal new physics at energy ~ 10 TeV or higher
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CEPC Physics Program: Discovery Potential
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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
Zhijun Liang’s talk



CEPC Concepts
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CEPC Key Scientific Issues and Technologies Route



CEPC Accelerator Design and Layout
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◼ 100 km double ring design (30 MW SR, upgradable to 50MW, ttbar)

◼ Switchable operation for H, Z, W and top modes

◼ Shared tunnel: compatible design for booster, CEPC and SppC 

H/tt

W&Z

H/W/Z/tt switching operation scheme

Yuhui Li’s talk

3-in-1 tunnel

Cost optimization

JINST 17 P10018 (2022)
arXiv:2312.14363



CEPC Operation Plan
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Mode
Ec.m. 

(GeV)
Years

SR 
Power
(MW)

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

Integrated 
Lumi. 

per year
(ab–1, 2 IPs)

Total 
Integrated Lumi 

(ab–1, 2 IPs)
Total Events

H*
240 10

50 8.3 2.2 21.6 4.3  106

30 5 1.3 13 2.6  106

Z 91 2
50 192** 50 100 4.1  1012

30 115** 30 60 2.5  1012

W 160 1
50 26.7 6.9 6.9 2.1  108

30 16 4.2 4.2 1.3  108

𝐭 ҧ𝐭 360 5
50 0.8 0.2 1.0 0.6  106

30 0.5 0.13 0.65 0.4  106

**   Detector solenoid field is 2 Tesla during Z operation, 3 Tesla for all other energies.

*** Calculated using 3,600 hours per year for data collection ( ~250 days with 60% efficiency). 

*     Higgs is the top priority, the CEPC will commence its operation with a focus on Higgs. 



A New Lab: CEPC SRF Test Facility (PAPS)
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• New Lab (4500m2) at Huairou Beijing, next to HEPS

• A cryogenic system: 2.5KW@4.5K or 300W@2K

• Ovens and clean rooms for cavity production

• 2 horizontal and 3 vertical SRF test stands

• About 200 SRF cavities / year 

• Testing of klystrons, electron guns, magnets, etc., 

• NEG coating of vacuum pipes, ATF in the future 



CEPC R&D: High Q SRF Cavities
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Medium-temperature (Mid-T) annealing 
adopted to reach Q0 = 3.4E10 @ 26.5 MV/m

N-infusion adopted to reach 
Q0 = 6.0E10 @ 22.0 MV/m

At 2K

➢ 1.3 GHz  9-cell SRF cavity for booster:  Q0 = 3.4E10 @ 26.5 MV/m

➢ 650 MHz 2-cell SRF cavity for collider ring: Q0 = 6.0E10 @ 22.0 MV/m

➢ 650 MHz 1-cell SRF cavity for collider ring: Q0 = 6.0E10 @ 31.0 MV/m

Vertical test of 650 MHz 2-cell cavity

Cold-EP and Mid-T baking
Q0 = 6.0E10 @ 31 MV/m 

Vertical test of 650MHz 1-cell Cavity

SRF cavities exceed CEPC specifications



CEPC R&D: 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 

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

SRF cavities exceed CEPC specifications



CEPC R&D: High Efficiency Klystrons
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❑ The 1st Klystron prototype, achieved efficiency  62%

❑ The 2nd Klystron prototype was tested in Feb. 2024,  achieved efficiency  77.2%

❑ The 3rd Klystron prototype (MBK) with manufacture underway, design efficiency is  80%

❑ High efficiency Klystron helps to reduce electricity consumption

The 1st Klystron (tested)
The 2nd  Klystron (tested)

The 3rd multi-beam Klystron 
(MBK) under fabrication

Test results of the 2nd 
klystron prototype



CEPC R&D: Accelerator Key Technologies
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Specification Met➢ CEPC accelerator key technologies R&D in TDR covers 

all component listed in the CDR. 

➢ About 10% remaining (e.g. RF power source, machine 

integration, control, alignment) to be completed by 2026. 

Prototype 

Manufactured



CEPC Conceptual Detector Designs

19

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 



Idea of the “4th Concept”
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Detector World-class level 4th concept

PFA based
(ECAL)

～ 20% / √E < 3% / √E

PFA based
(HCAL)

～ 50% / √E ～ 40% / √E

Novel detector design based on 

PFA calorimeter. Aim at improving

BMR from 4% to 3%

➢ Silicon combined with TPC or DC for better tracking & PID

➢ Crystal ECAL with timing for PFA and better EM resolution

➢ Scintillating glass HCAL for better sampling and resolution

Zhijun Liang’s talk



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

2 layers / ladder Rin~16 mm 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 5 series: 

JadePix, TaichuPix, CPV,  Arcadia, COFFEE

Tower-Jazz 180nm CiS process

Resolution 5 microns, 53mW/cm2 

MOST 1
MOST 2

Arcadia  by Italian groups

for IDEA vertex detector

LFoundry 110 nm CMOS

Develop COFFEE for a CEPC tracker 

using SMIC 55nm HV-CMOS process



CEPC Detector R&D: Silicon, TPC, DC Prototypes
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CEPC R&D: PFA Calorimeter Prototypes
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Scintillator + SiPM AHCAL Prototype (40-layer, 12960-ch)ScW ECAL Prototype (32-layer, 6720-ch)

➔ Testbeam at CERN for two prototypes in 2022 and 2023

Combined: ScW-ECAL + AHCAL

Moveable table: 1.7m(W)x0.8m(H)x2.4m(L)

muon



CEPC Detector R&D: Calorimeter Prototypes
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CEPC Reference Detector TDR
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➢ Large number of detector technology 

options and R&D projects on-going, 

they are not at similar level of maturity.

➢ Need to converge technology options 

towards a CEPC reference detector TDR

❖ Start preparation in Jan. 2024

❖ A draft version of TDR in Dec. 2024 

❖ Official release of TDR in Jun. 2025

➢ Intl. detector collaborative efforts

❖ DRD proto-collaboration (DRD1-8), 

more than 130 colleagues from 11 

Chinese institutes joined so far.

❖ HL-LHC detector R&D efforts help to 

prepare teams for CEPC detectors.



CEPC Accelerator EDR
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CEPC Accelerator EDR tasks start with 35 WGs aiming for key issues, 

detailed working plan and scope will be reviewed by IARC in Sept. 2024. 



CEPC International Collaboration
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CEPC attracts significant International participation 

CEPC CDR released (2018) CEPC TDR released (2023)

arXiv:2312.14363
1114 authors 

278 institutes 

(159 foreign institutes)

38 countries

➢Both CDR and TDR have significant intl. contributions

➢ 20+ MoUs signed with Intl. institutions and universities

➢CEPC International Workshop since 2014

➢ EU-US versions of CEPC Workshop since 2018

➢Annual working month at HKUST-IAS since 2015



CEPC International Collaboration
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CEPC @ Rome, Italy, May 2018 CEPC @ Oxford, UK, April 2019

CEPC @ U. Chicago, USA, Sept. 2019

CEPC @ Washington DC, USA, April 2020
CEPC @ Edinburgh, UK, July 2023

https://agenda.infn.it/event/14816/?ovw=True
https://confs.physics.ox.ac.uk/CEPC2019/index.asp
http://cepc.uchicago.edu/
https://indico.cern.ch/event/863751/
https://indico.ph.ed.ac.uk/event/259/overview


Industrial Partners and Suppliers Worldwide
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System

1 Magnet

2 Power supplier

3 Vacuum

4 Mechanics

5 RF Power

6 SRF / RF

7 Cryogenics

8 Instrumentation

9 Control

10
Survey and 

alignment

11
Radiation 

protection

12 e-e+Sources

CEPC Industrial Promotion Consortium 

(CIPC, established in Nov. 2017)

Potential international collaborating 

suppliers and partners worldwide



CEPC Site Selection

30Time for tunnel construction is about 4 – 5 years.

- 3 sites documented 

in accelerator TDR

- 75-95% of tunnel in 

granite, low cost

TBM tunnel             Drill-blast tunnel



CEPC Planning and Development
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➢ CAS is planning for the 15th 5-year plan for large science projects, and a steering 

committee has been established, chaired by the president of CAS.

➢ High energy physics and nuclear physics is one of eight groups (fields).

➢ CEPC is ranked No. 1，by every committee (2 domestic and 1 international).

➢ A final report was submitted to CAS for consideration, this process is within 

CAS, and the following national selection process will be decisive.

Domestic senior HEP Division Nuclear Division IAC Average



CEPC Planning and Schedule
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2012.9        2015.3         2018.11        2023.12        2025.6         2027      15th five year plan (2026-2030)             

proposed  Pre-CDR        CDR          Acc. TDR      Det. TDR     EDR       Start of construction

CEPC EDR Phase: 2024-2027

➢ CEPC Accelerator EDR starts with 35 

WGs in 2024, to be completed in 2027 

➢ CEPC Reference Detector TDR will be 

released by June, 2025

➢ CEPC proposal will be submitted to 

Chinese government for approval in 2025

➢ Upon approval, establish at least two 

international experiment collaborations

➢ CEPC construction starts during the 15th 

five year plan (2026-2030, e.g. 2027)  

➢ CEPC construction complete around 

2035, at the end of the 16th five year plan

15th FY 16th FY



CEPC Planning and Schedule

33

2012.9        2015.3         2018.11        2023.12        2025.6         2027      15th five year plan (2026-2030)             

proposed  Pre-CDR        CDR          Acc. TDR      Det. TDR     EDR       Start of construction

CEPC EDR Phase: 2024-2027

➢ Contributions from international colleagues for both accelerator EDR and 

reference detector TDR are warmly welcome.

➢ Several dedicated topical workshops (in-person + online) will be organized, 

such as tracker system, calorimeter system, MDI etc.

➢ A series of reviews will be organized for accelerator EDR and detector TDR.

➢ Joint study groups aiming for some common issues  related to FCC/CEPC.

➢ International colleagues could contribute in many different ways, such as 

helping to organize workshops, report writing and editing, as reviewers etc.



Summary
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➢ CEPC addresses many most pressing and critical science problems

in particle physics.

➢ Accelerator design and technology R&D are reaching maturity, TDR 

completed, enters EDR phase, ready for construction in 3-5 years.

➢ Reference detector TDR under preparation, to be completed by the 

mid-2025 for the proposal of China’s 15th 5-year plan.

➢ CEPC schedule will follow the 15th 5-year plan, call for international 

experiment collaborations and proposals once CEPC is approved.

➢ Continue to work with government and funding agencies for support.

➢ CEPC will offer the worldwide HEP community an early Higgs factory.



Next CEPC Workshop
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CEPC International Workshop at Hangzhou, Zhejiang U., Oct. 23-27, 2024 

https://indico.ihep.ac.cn/event/22089/
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http://cepc.ihep.ac.cn/



CEPC Machine Parameters
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CEPC Accelerator: Plasma Injector
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CEPC Plasma Injector Scheme

From 10 GeV → 30 GeV → TR 2

PWFA/LWFA TF based on BEPC-II Linac and HPL 

has founded by CAS, 120M RMB in Sept. 2023

Simulation results show that it works on paper 

with reasonable error tolerances for both 

electron & positron beams injected to booster

PRL 127, 174801 (2021)



CEPC R&D: Towards a Green Accelerator
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Experience at HEPS

◼ Solar panel:10 MW ➔ 10% saving

◼ Permanent magnet: 5.6 GWh saving/yr

◼ Hot water (13 MW @ 42 0C) for heating:

    more than what HEPS needs

R&D for CEPC

◼ High eff. Klystron, energy recovery Klystron

◼ R&D of a “cooling-compressor + heating-pump 

system” to recover hot water in winter and cooling 

water in summer for use at HEPS

◼ Investigate power generator using low-T hot water



CEPC R&D: Calorimeters with PFA
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Features：

➢ Good energy resolution 

➢ 3D shower info. with limited readout channel

➢ Shower separation < 4 cm

Main issues for R&D 

➢ Jet reconstruction and PFA algorithm

Crystal ECAL Scintillation Glass HCAL

Energy resolution  ~40%/E  ~ 2% 

Features：

➢ Large sampling ratio at low cost

Main issues for R&D 

➢ high density, high light yield, radiation 

hardness, production 

Energy resolution  ~3%/E  ~ 1% 



CEPC Software Migration to Key4hep
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CEPC

Applications

Generator

Simulation

Gaudi framework

Core Software

Reconstruction

ROOT Geant4

LCIO PODIO

CLHEP

Boost Python Cmake

FWCore

External Libraries & Tools

GeomSvc

Analysis

EDM4hep

DD4hep

CEPCSW Structure
Key4hep: an international collaboration with CEPC participation

CEPCSW: a first application of Kep4hep – Tracking software

CEPCSW is already included in Key4hep software stack

Architecture of CEPCSW

• External libraries

• Core software

• CEPC applications for simulation, reconstruction and analysis

Core Software

• Gaudi framework: defines interfaces of all software components and 
controls the event loop

• EDM4hep: generic event data model

• FWCore: manages the event data

• GeomSvc: DD4hep-based geometry management service

https://github.com/cepc/CEPCSW

Ref: Weidong Li’s talk



CEPC Physics Program (CDR)
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➢ CEPC can make detailed study of various physics processes

➢ Higgs bosons are detected via recoil mass of the Z, allowing 

for model independent & full investigation of the Higgs and 

related new physics that may reveal

➢ Very challenging events with missing neutrinos and jets are 

well reconstructed and identified

❖ ~300 Journal / arXiv papers



CEPC Physics Program
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• Precision Higgs, EW, flavor physics & QCD measurements at unprecedented precision

• BSM physics (e.g. dark matter, EW phase transition, SUSY, LLP, …) up to ~ 10 TeV scale

arXiv:2205.08553



CEPC Team
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• Institution Board: 32 institutes, top universities/institutes in China

• Management team: comprehensive management experience at construction projects 

of BEPCII/CSNS/HEPS, and international projects of BESIII/Daya Bay/JUNO/…

• Accelerator team: fully over all disciplines with rich experiences at BEPCII, HEPS… 

• Physics and Detector team: fully over all disciplines with rich experiences at BESIII, 

Daya Bay, JUNO, ATLAS, CMS, LHCb …

117 accelerator + ~300 detector staffs currently, 
+ ~ 400 from BEPC/BESIII/JUNO/HEPS/...

once CEPC approved 
Management team, 
leading scientists

CEPC Organization



CEPC International Committees
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➢ IAC: global renowned scientists and top laboratory or project leaders who have ample 
experience in project management, planning, and execution of strategies, operating since 2015

➢ IARC & IDRC: leading experts of this field, provide guide to the project director

International Advisory CommitteesCEPC Organization



CEPC International Efforts
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➢CEPC provides critical input to ESPPU & Snowmass as a major player

➢Team member actively participated intl. study (ESPPU and Snowmass committees) and Panel discussions

➢CEPC attracts intensive international collaboration, ensuring that the CEPC design and technology are 
among the most advanced in the world. 

ESPPU input Snowmass input

ESPPU 2019

ICHEP 2022 ICHEP 2022

ICHEP 2018

arXiv: 1901.03170
           1901.03169

arXiv: 2203.09451
           2205.08553



SPPC R&D: HTS SC Magnet
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10.2T 
(2018)

12.5T 
(2021)

16T 
(2025)

SppC 16 T Dipole: Nb3Sn 12~13 T + HTS 3~4 T  
Dual aperture superconducting dipoles fabricated in China

reached 14T @ 4.2K in 2023. The next goal is 16-20T.

14T 
(2023)

Picture of LPF1-U



SPPC R&D: HTS SC Magnet
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❖Iron-based superconducting materials 

are very promising for high-field magnets

o Isotropic, metal

o Cheap for raw materials and production

❖Technology spin-off can be enormous

❖Major R&D goals

o High Jc: > 1000A/mm2@4.2K

o Long cable: > 1000 m

o Low cost: < 5 $/kAm

❖A collaboration formed in 2016 by IHEP, 

IOP, IOEE, etc., and supported by CAS

❖The world first: 1000m IBS cable, 

    IBS solenoid coil (24T) ➔ magnet
1st Iron-based Superconducting solenoid Coil at 24T 
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