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➢The CEPC proposal and major milestones have been 

covered by Prof. Gao

➢The CEPC Physics Programs

➢The CEPC Detector R&Ds

➢Summary

I will start from here.



The Higgs Particle: Discovery and Measurements
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The discovery:
Phys. Lett. B 716(2012)   1-29

Phys. Lett. B 716(2012) 30-61

Science 338 (2012) 1569-1575

Science 338 (2012) 1576-1582

"for the theoretical discovery of a

mechanism that contributes to our

understanding of the origin of mass of

subatomic particles, and which recently was

confirmed through the discovery of the

predicted fundamental particle, by the

ATLAS and CMS experiments at CERN's

Large Hadron Collider"

The measurements:

Nature 607, 52-59 (2022)

Nature 607, 60-68 (2022)

2012 discovery 2013 Nobel Prize 2022 ten yrs measurements



Measurements in ten years
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Higgs Discovery

New milestone after 10 years of the Higgs discovery 

Nature 607 (2022) 52-59 Nature 607 (2022) 60-68

20-40%

5-10%

~150 fb-1~30 fb-1 ~300 fb-1 ~3000 fb-1



Particle Physics after the Higgs Discovery
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SM is a complete and self-consistent theory after the Higgs discovery. 

But it doesn’t accommodate dark matter and dark energy ➔ New physics ?

Standard Model

New Physics ?
Dark matter and dark energy ~ 95%



Higgs boson: a probe to new physics

6➔ Higgs portal to DM
➔EW Phase Transition
➔Origin of matter

➔ Early Universe➔ EW symmetry breaking ➔ Naturalness



CEPC Major Milestones
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CEPC CDR Released (2018.11)

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



CEPC Physics Program
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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 0.6

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] 22 100 6.9 1

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

possibly

Z     W+W- ZH             𝒕 ҧ𝒕

• Measurements of Higgs, EW, flavor physics & QCD at unprecedented precision

• BSM physics (e.g. dark matter, EWPT, LLP, …) up to ~ 10 TeV scale



CEPC：Higgs Properties
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➢ CEPC has significantly better precision on Higgs properties than that of HL-LHC

《Precision Higgs Physics at CEPC》

Chinese Physics C, 43（2019）043002



CEPC：Electroweak Measurements
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➢ CEPC has better EW precisions than current value by 1-2 order of magnitude 

CDF (2022)      : 80433  9 MeV

ATLAS (2023) : 80360  16 MeV 

SM Prediction : 80354  7 MeV

➢ CEPC: expected W mass resolution < 1MeV



CEPC: Flavor Physics
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Lepton Flavor 
Universality (B → s tt) 

Lepton Flavor 
Universality (Bc → tn )

BR (Bs→ fnn) 
precision is ~2% 
in SM, it can make 
indirect constraint 
on B anomaly ！

Tera-Z ➔ B factory

2201.07374

Lepton Flavor Violation (FLV)

https://arxiv.org/abs/2201.07374


CEPC：BSM Physics
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Higgs factory

√s = 240 GeV
106 HZ events

105 WW->H events

2: Dark Matter & Dark Sector
• SUSY DM

• Higgs portal DM

• Vector boson portal DM

• Fermion portal DM

• EFT

• ……

9: Global fits
• Global fit of SUSY

• 2HDM global fit

• SMEFT global fit

8: More exotics
• Axion-like particles

• Lepton form factors

• Emergent Hadron Mass

• Exotic lepton mass

• ……

1: Exotics of Higgs, W, Z, top
• Higgs exotic decay (SUSY, 

LLP, DS, invisible)

• Light higgs

• Z exotic decay

• Top exotic decay

10. Indirect searches from 

SM precision measurements 

CEPC

6: EWPT & GW
• Probe nature EWPT

• Higgs precision

• Higgs exotic decay

7: Neutrino
• Heavy neutrinos

• Active-sterile neutrino

• Non-standard n interactions

4: SUSY
• Light EWKinos

• Light sleptons

• Heavy selectrons

• ……

5: Flavor portal NP
• cLFV processes

• Decays of b and c

hadrons

• ……

3: LLP
• At CEPC and FAR detector

• H/Z decay

• SUSY LLP

• VLL, ALP, …

2205.08553

https://arxiv.org/abs/2205.08553


Higgs：Dark Matter Portal
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➔ CEPC has significantly better detection sensitivity for DM than HL-LHC

➔ Complementary to direct DM search experiments for mass below 10 GeV

Higgs-portal DM 

CDR 5.6 ab-1 CDR 5.6 ab-1



Higgs：EW Phase Transition
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➔ CEPC can study EWPT via hZZ coupling measurement which may help 

to understand the matter-antimatter asymmetry, its detection sensitivity 

is about one order of magnitude better than that of the HL-LHC.

Orange： first order PT
Blue：strong first order PT
Red：strong first order PT+ GW

SM expects Higgs 
potential has

smooth crossover

New Physics
Quantum tunneling

First order
phase transition

CDR 5.6 ab-1



Outline
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➢The CEPC proposal and major milestones have been 

covered by Dr. Gao

➢The CEPC Physics Programs

➢The CEPC Detector R&Ds

➢Summary and Prospect

Let me switch gears to



CEPC Detector Concepts ➔ New Design
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CEPC New Detector Design

17

Calorimeter World-class New design

PFA ECAL ～ 15-20% / √E ～ 3% / √E

PFA HCAL ～ 50-60% / √E ～ 40% / √E

Goal: with PFA calorimeters to improve boson 
mass resolution (BMR) from 4% ➔ 3%。

➢ Silicon tracker with TPC / DC：

to improve track reconstruction & PID

➢ PFA ECAL with crystal: 

to improve 0,  energy resolution

➢ PFA HCAL with scintillating glass: 

to improve hadron energy resolution



CEPC Detector R&D: Silicon Detectors
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CEPC Detector R&D: Beamtest on the Vertex Det.
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CEPC Detector R&D: TPC and DC Prototypes
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CEPC Detector R&D: TPC and DC Prototypes
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CEPC Detector R&Ds on PFA Calorimeters
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PFA Calorimeter Prototypes
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Sct + SiPM AHCAL Prototype (40-layer, 12960-ch)ScW ECAL Prototype (32-layer, 6720-ch)

➔ Beam-test at CERN SPS for two prototypes in Oct. 2022

Combined: ScW-ECAL + AHCAL

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

muon



PFA Calorimeter Prototypes
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CEPC Calorimeter Prototypes: beam test at CERN in 2022 & 2023



R&Ds on SDHCAL
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SDHCAL-GRPC (1.3 m3, IPNL)

AHCAL SDHCAL

GRPC 1m x 1m (SJTU) 

R&D Plan: 5-D SDHCAL (X, Y, Z, E, Time) 

- MRPC + fast timing PETIROC ASIC (~40 ps)
MOST 1: RPC and MPGD (RWELL) R&D，MIP Eff > 95%

RWELL 0.5m x 1m (USTC+IHEP) 

JINST 15, P10009 (2020)
JINST 17, P07017 (2022)

JINST 16, P12022 (2021)

SJTU

IPNL

IJCLab

OMEGA

CIEMAT

RPWELL ( 50x50cm2, WIS+IIT, Israel )

https://iopscience.iop.org/article/10.1088/1748-0221/15/10/P10009
https://doi.org/10.1088/1748-0221/16/12/P12022


CEPC Detector R&D: Calorimeter Prototypes
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Crystal Modules: beam test at CERN and DESY in 2023 & 2024

 BGO Crystal          Scintillating Glass 



CEPC International Collaboration

27

CEPC attracts significant International participation 

➢Both CDR and TDR have significant intl. contributions

➢ 20+ MoUs signed with Intl. institutions and universities

➢ Intl. collaborative efforts: DRD & HL-LHC detector R&D

➢CEPC International Workshop since 2014

➢Annual working month at HKUST-IAS since 2015

➢ EU-US versions of CEPC Workshop since 2018

Oxford (2019)Rome (2018)

Edinburgh (2023) Chicago (2019)



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

China announced 144-hour visa-free transit policy for 54 selected countries

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


Summary
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➢ CEPC addresses many most pressing and critical science problems

in particle physics.

➢ Detector R&Ds are very active and the efforts lead to the Reference 

detector TDR, which is to be completed by the mid-2025 for the 

proposal of China’s 15th 5-year plan. 

➢ Contributions from international colleagues for both accelerator EDR 

and reference detector TDR are warmly welcome and highly 

appreciated.

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

collaborations and proposals once CEPC is approved.

➢ CEPC will offer the worldwide HEP community an early Higgs factory.
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Backup Slides
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Higgs boson: a new force carrier
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Higgs boson：

➢ Explains mass origin

➢ Only SM particle with spin 0

➢ A new force carrier

EM force：
Photon spin=1

Weak force：
W/Z spin=1

Strong force：
Gluon spin=1

Gravity：
Graviton spin=2



Physics Programs (in CDR)
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• Will perform detailed studies of various physics processes

• Higgs bosons will be detected via recoil mass of the 

reconstructed Z, allowing for model independent & full 

investigation of the Higgs and any new physics that Higgs 

may reveal

• Jets and events with missing neutrinos will be well 

reconstructed and identified

e+e- annihilations at the CEPC

❖ O(100）Journal / arXiv papers



Physics Programs (thrgh workshops + white papers)
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Physics similar to FCC-ee, ILC, CLIC

❖ 2019.3 Higgs White Paper published (CPC V43, No. 4 (2019) 043002)

❖ 2019.7 Workshop@PKU: EW, Flavor, QCD working groups formed

❖ 2020.1 Workshop@HKUST-IAS: Review progress,  EW draft ready

❖ 2021.4 Workshop@Yangzhou: BSM working group formed

❖ 2022.5 Workshop of CEPC physics, software and detector

❖ 2022  Input for Snowmass study

Yangzhou (2021)

CEPC Operation mode ZH Z W+W- ttbar

𝒔 [𝐆𝐞𝐕] ~ 240 ~ 91.2 ~ 160 ~ 360

Run time [years] 7 2 1 -

CDR
(30MW)

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 -

Run time [years] 10 2 1 5

TDR
(50MW) 
(latest)

L / IP [1034 cm-2s-1] 8.3 191.7 26.6 0.8

𝑳׬ 𝒅𝒕 [ab-1, 2 IPs] 20 96 7 1

Event yields [2 IPs] 4106 41012 5107 5105

arXiv:2205.08553

Peking U. (2019)



R&Ds on High Granularity Crystal ECAL

Incident

particles

➢ Long bars: 1 x 40 cm, super-cell: 40x40 cm2

➢ Timing at both ends for positioning along bar.

➢ Significant reduction of number of channels.

Crystal Fan Design

Bench Test

Goal

• Boson Mass Resolution < 4%

• Better BMR than ScW-ECAL 

• Much better sensitivity to /e, 

especially at low energy. 

Full Simulation Studies

BMR = 1.2%

BMR of SiW ECAL ~ 2.3%

𝐻 → 𝛾𝛾

+ Optimizing PFA for crystals

BMR: 3.6%

𝐻 → 𝑔𝑔

Crystal ECAL

Crystal ECAL

Performance with photons Performance with jets

Fine segmentation in Z, f, r

Dual readout crystal calorimeter also being considered by USA and Italian colleagues



R&Ds on New HCAL with Scintillating Glass Tiles
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Goal

• Better hadronic energy resolution

• To further improve BMR

Full simulation studies

Scintillator HCAL:

Plastic vs. Glass

Varying glass thickness

Performance study with jets

Scintillating Glass R&D

Testing Scintillating Glass Samples

Transmission

Emission

Detected photons at 
SiPM: 273.8 p.e./MIP


