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Three frontiers

Neutrino

Daya Bay
(2011-22)

Intensity

BESIII@BEPCII

Energy

participation in
ATLAS/CMS

JUNO
(2024-)

previous/current future 

Participations in the
LHC experiments

CEPC
(~2036-)

STCF
(~2030-)

BEPCII-U
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Dedicated presentations at this conference (Tuesday)

JUNO 

S. KUMARAN

The JUNO Experiment: Current Status and Prospects

BESIII@BEPCII

F. Bianchi

Highlights from BESIII

STCF

X. R. ZHOU

The Progress of Super Tau-Charm Facility in China  



5August 11, 2023
Rencontres du Vietnam

Neutrino frontier – Daya Bay

Completed in 2022
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Neutrino frontier - JUNO

Jiangmen Underground Neutrino Observatory
approved in 2013, civil construction began in 2015; data expected in 2024

Liangjian Wen
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Neutrino frontier - JUNO

Jiangmen Underground Neutrino Observatory
a multiple purpose neutrino observatory

Liangjian Wen
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Neutrino frontier - JUNO

Jiangmen Underground Neutrino Observatory
approved in 2013, civil construction began in 2015; data expected in 2024

Liangjian Wen
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Neutrino frontier - JUNO
Jiangmen Underground Neutrino Observatory

assembly and test are ongoing

Liangjian Wen
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Intensity frontier - BEPCII & upgrade

Rencontres du Vietnam

LINAC

BEPCII

(Beijing electron-

positron collider)

BESIII 

detector

Center-of-mass energy

2.0 - 4.6 GeV

1989 - 2005  (BEPC): 

Lpeak=1.0x1031 /cm2s 

2008 - (BEPCII):

Lpeak=1.0x1033/cm2s

(Apr. 5, 2016)

Ready in 2025

Rencontres du Vietnam
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BESIII white paper: Future Physics Programme
arXiv:1912.05983 : Chin.Phys. C44 (2020) no.4, 040001

experimental opportunities with QCD, hadron physics, charm, tau lepton, ….

Intensity - BEPCII & upgrade

Haibo Li

https://old.inspirehep.net/record/1770442
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Intensity frontier - STCF

Super Tau-Charm Facility planned and under development

Xiaorong Zhou
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Energy Frontier: CEPC

𝒆+𝒆− Higgs (Z) factory

Ring length ~ 100 km

IP 1

IP 2

Rencontres du Vietnam

Circular Electron Positron Collider planned and under development

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.

– Looking for Hints@e+e-Collider  If yes, direct search@PP collider

– The tunnel can be re-used for pp, AA, ep colliders up to ~ 100 TeV
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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 

Scientific Obj.: “Discovery + precision measurement”

Rencontres du Vietnam
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CEPC Concepts

August 11, 2023
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CEPC Layout and Design Essentials

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

 Switchable operation: Higgs, W/Z, top

 Accelerator complex comprised of a Linac, a 100 km 

booster and a collider ring

Baseline: 100 km, 30 MW; Upgradable to 50 MW, High Lumi Z, ttbar
Rencontres du Vietnam
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CEPC Operation Plan

Particle
Ec.m.

(GeV)
Years

SR 
Power
(MW)

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

Integrated 
Lumi. /yr

(ab–1, 2 IPs)

Total 
Integrated L 
(ab–1, 2 IPs)

Total no. of 
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  𝑡
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, 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. 

Rencontres du Vietnam
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SRF System Design and Upgrade Plan

 SRF layout and parameters are designed to

meet physics requirements;

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

switchable

 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

 Use dedicated high current 1-cell cavity for 10-

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

H/W/Z/ttbar bypass scheme

Rencontres du Vietnam
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A New Lab at IHEP for SRF system(PAPS)

 A gift by the city of Beijing, next to HEPS
 A cryogenic system with 2.5KW@4.5K or

300W@2K
 Ovens and clean rooms for cavity production
 2 horizontal and 3 vertical SRF test stand
 ~200 SRF cavities/year
 Testing of klystrons, electron guns, magnets,

etc., and NEG coating of vacuum pipes
 ATF in the future

Rencontres du Vietnam
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CEPC R&D: 650 MHz SRF Cavities 

 First three 2-cell cavities based mainly 
on BCP shows reasonable performance

 Recent 1-cell cavity based on cold-EP 
and Mid-temperature baking achieved 
the world best results, exceeding CEPC 
spec. 

 Continue to develop multi-cell  cavities

Vertical test of 650 MHz 2-cell cavity

Vertical test of 650 MHz 1-cell cavity

baking

EP

V-test

Rencontres du Vietnam
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CEPC R&D: 1.3 GHz SRF Cavities

• Mid-T baking (O-doping) VS N-doping: higher
Eacc & Q, simple process, less EP. 

• Excellent results obtained, exceeding 
requirements by CEPC, SHINE, LCLS-II, etc.

• ILC type of cavity with higher Eacc is also 

under development

Rencontres du Vietnam
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CEPC R&D: SRF Modules

 650 MHz test cryomodules including cavities, couplers,

HOM absorbers, tuners..., was built and tested OK

 A full eight 1.3 GHz 9-cell cavities with input couplers,

tuners, SC magnet, BPM, cryostat, module cart,

feed/end-cap, volve-box … was built and tested OK

Parameters
Horizontal 

test results

CEPC Booster

Higgs 

LCLS-II,

SHINE 

LCLS-II-

HE

Average Q0 @ 

21.8 MV/m
3.4×1010

3.0×1010 @

21.8 MV/m

2.7×1010 @

16 MV/m

2.7×1010 @

20.8 MV/mAverage CW

Eacc (MV/m)
23.1

Rencontres du Vietnam
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CEPC R&D: High Eff. Klystrons

• 1st prototype: normal eff.

• Single-beam with 70 kV

• output power reached 
design value of 800 kW

• efficiency ~ 62%

• 2nd prototype: High eff.
• Single-beam with 110 kV

• Designed eff. ~77%, test 
result 70% 

• Issues understood, to be re-
tested soon

• 3rd prototype: High eff.

• Multi-beam Klystron(MBK) 
with a designed eff. of 80%

• Manufacture underway

0.0%

20.0%

40.0%

60.0%

80.0%

70 80 90 100 110

Power vs. Efficiency

Rencontres du Vietnam
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CEPC High Tc superconductor for SPPC

• Iron-based superconducting 
materials are very promising 
for high-field magnets
– Isotropic
– May go to very high field
– Raw materials are cheap
– Metal, easy for production

• Technology spin-off can be 
enormous

• Major R&D goals
– High Jc: > 1000A/mm2@4.2K
– Long cable: > 1000 m

– Low cost: < 5$/kAm

• A collaboration formed in 
2016 by IHEP, IOP, IOEE, SJTU, 
etc., and supported by CAS

• World first: 1000m IBS cable, IBS 
coil, magnet
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1st Iron-based Superconducting solenoid Coil at 24T 
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CEPC R&D and Prototypes

• ~10% remaining (the 

machine integration, 

commissioning etc.) to be 

completed by 2026. 

• International 

contribution/collaboration 

important

Rencontres du Vietnam
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CEPC Detector R&D

August 11, 2023

Rencontres du Vietnam
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CEPC Detector R&D

August 11, 2023

Rencontres du Vietnam
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Key Technology Readiness

Specification Met
Prototype 
Manufactured

Key technology R&D spans all component list for CEPC

Represented Key Technologies for the CEPC

Fraction

Will be ready for construction by 2026
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Efforts Towards a Green Accelerator

Experience at HEPS

– Solar panel: 10 MW  10% saving

– Permanent magnet: 5.6 GWh saving/yr

– Hot water(13 MW@42oC) for heating: 
more than what HEPS needs

R&D for CEPC

– High eff. Klystron, energy recovery 
Klystron, …  

– Design and R&D of a “cooling-
compressor + heating-pump system” to 
recover hot water in winter and cooling 
water in summer for use at HEPS

– Continue to investigate power 
generator using low-T hot water 

29
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Solar panel on the roof of HEPS

Rencontres du Vietnam



Detector Concepts Studied
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High

magnetic field

concept

(3 Tesla)

Low

magnetic 

field

concept

(2 Tesla)

Full silicon 

tracker

concept

IDEA Concept
also proposed for FCC-ee

Particle Flow Approach

“Fourth 

concept”: Crystal 

Calorimeter 

based detector

(2-3 Tesla)

Final two detectors WILL be a mixture of different options



CEPC Site Selection
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Low

magnetic 

field

concept

(2 Tesla)

Full silicon 

tracker

concept

Particle Flow Approach

• 4/6 sites are investigated in detail: Qing-
Huang-Dao, Chang-Sha, Chang-Chun, Hu-Zhou

• Geology are all good, with reasonable 
condition of transportation and local support

• Site selection based on 
geology, electricity supply, 
transportation, environment 
for foreigners, local support & 
economy,…

• North are better for running 
cost; south are better 
economic support

• Decision shall come from 
negotiations between central 
and local government 
government

31
Rencontres du Vietnam



Civil Design and Planning
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Low

magnetic 

field

concept

(2 Tesla)

Full silicon 

tracker

concept

Particle Flow Approach

32

• 3 companies working on the design, 
one for each site. Review in progress 

• Most of the tunnel(75-95%) in granite, 
greatly impact the cost

• Construction method yet to be 
determined

• Time for construction is ~5 yrs

Rencontres du Vietnam



Team and Organization 
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Low

magnetic 

field

concept

(2 Tesla)

Full silicon 

tracker

concept

Particle Flow Approach
• Currently, the core team 

consists of ~ 400 people mainly 
from China; ~ 400 more from 
BEPC/JUNO/HEPS will come 
once CEPC is approved 

• IHEP is currently the host lab 
with experience managing 
international collaborations 
such as BESIII/Daya Bay/JUNO, 
and projects such as 
BEPCII/CSNS/HEPS

• The temporary management 
structure is endorsed by the 
international advisory 
committee. 

• Once approved, Funding 
agencies will be added at the 
top 

Rencontres du Vietnam



International Collaboration
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• Great international participation to CDR, 
expect similar for TDR

• Many MoUs signed and executed

• substantial collaboration on Physics studies 
and detector R&D, fewer on accelerator

• Substantial International advice through 
many committees and conferences, 
particular to accelerator

• Joined CALICE, ILD TPC, and RD collab.s, in 
addition to LHC exp. and many others

• Actively involved in the European Strategy 
update and the Snowmass process

• Annual CEPC International Workshop in 
China and EU/US-edition since 2014

• Annual working month at HKIAS (since 
2015), resumed this year

CEPC workshop in Chicago, 2019

CEPC CDR Released (2018.11)

Rencontres du Vietnam
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Project Status

35

3535

• TDR is completed, reviewed by an international committee, to be released soon

• CAS 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

• High energy physics, as one of the 8 groups, has been working on this for a year:

• 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

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

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

• CEPC is ranked No. 1, by every committee

• A final report will be submitted to CAS for consideration

Rencontres du Vietnam
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Planning & Schedule

15th FY 16th FY

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

Rencontres du Vietnam
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Summary

 JUNO will begin operation soon and will provide excellent 
opportunity for decades.

 BESIII @ BEPCII important (BEPCII upgrade, STCF)
study of QCD, hadrons, charm, …
great experience gaining & training for future projects

Both JUNO and BESIII@BEPCII experiments are sizable 
international collaborations – very unique in China;

CEPC is completing the TDR for the e+e- accelerator as a 
boson–top factory (H, Z, W, top) and will enter the EDR phase.

 CEPC schedule follows China’s 5-year planning; expects to 
complete the R&D and the preparation to build the facility and 
carry out the science program

CEPC will offer the HEP community an early Higgs factory

Rencontres du Vietnam




