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CEPC physics program 
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v The centerpiece: precise 
measurement of the Higgs boson 
properties ( width, couplings, 
mass … )

v huge measurement potential for 
precision tests of SM:  electroweak 
physics, flavor physics, QCD 

v Searching for exotic or rare decays 
of H, Z, B and 𝜏, and new physics

v Top quark physics

An extremely versatile machine with a 
broad spectrum of physics opportunities

→ Far beyond a Higgs factory

Operation mode ZH Z W+W- 𝒕�̅�
𝑠 [GeV] 240 91 160 360

Run time [years] 7 2 1 -

CDR
(30 MW)

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

TD
R

 (L
at

es
t ) 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 1.0

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



Milestones and activities of CEPC physics studies
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v Public documents released:  CDR(2018) → Higgs white paper (2019) → Snowmass 
white paper (2022) → Flavor white paper to come out soon → more in preparation 
(EWK white paper,  New physics white paper)  

v CEPC physics and detector workshops in series: May 2019, April 2021, August 2023 

v Physics studies for the IAS-HEP program and Snowmass exercise

v Communication and collaboration with international partners: ECFA studies …



Higgs Precision measurements
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Outperforming HL-LHC significantly 

Exploring the full potential of the CEPC with 
the latest TDR design for Higgs measurements 
by combining 240-GeV and 360-GeV runs.

Higgs width measurement benefits 
enormously from 360-GeV run

Translated the latest accelerator performance into Higgs measurements   



Top quark measurments : mass, width and alfa_s
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Choice of the optimal energy point 

The top quark mass can 
be measured with an 
unprecedented precision 
(one order of magnitude 
better than hadron 
colliders can achieve) . 

Measuring two parameters simultaneously 
by using two energy points

Measurement with a single energy point 



EWK precision measurements
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CEPC is expected to improve 
the current precision by 1-2 
orders of magnitude, offering a 
great opportunity to test the 
consistency of the SM.



Global fit with SMEFT: new physics constrains
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CEPC has potential to reveal new physics @10 TeV by combining 
Higgs, EWK and top measurements → power of precision



BSM searches: exotic decays, dark matter, SUSY, LLP …
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Significantly better detection sensitivity to dark matter and exotic decays than HL-LHC



Flavor physics studies
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White paper draft 



CEPC Detector Conceptual Designs
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Detector requirements and R&D status
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Prototype built 

and tested 

Prototype built 
and tested 



R&D for the baseline detector concept
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v Vertex Detector

v Silicon tracker

v TPC

v PFA calorimetry : ECAL and HCAL

vMuon detector 



Vertex detector sensor R&D timeline
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CMOS MAPS sensors development
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Design finalized, to be taped off

Full-size chips produced and tested 

All developed with TowerJazz CIS 180 nm process 



JadePix3 characterization and beam test
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Tested with electrical pulse, infra-red 
laser beam, radioactive source: 
Threshold: 90 e- to 140 e-
Noise hit rate < 1×10−10/frame/pixel 
Power consumption: ~90 mW/cm2

Spatial resolution < 3um (laser)

Beam test @DESY Spatial resolution ~4/~5um, Efficiency ~97%



TaichuPix3 production and characterization  
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v The chips radiation hardness 
proved up to 3 Mrad TID

v 12 TaichuPix3 wafers produced, thinned 
and diced

v wafers tested on a probe station for chip 
selection  and yield evaluation 

v Average threshold ~215 e, threshold 
dispersion ~43 e, temporal noise 
~12 e @ nominal bias setting 



TaichuPix3 beam test @ DESY
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Spatial resolution ~5um, Efficiency >98%



TaichuPix3 vertex detector prototype
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TaichuPix3 vertex detector prototype beam test @ DESY
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Spatial resolution ~5um



Silicon Tracker using HV-CMOS: ATLASPix → CEPCPix
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v A HV-CMOS sensor - CEPCPix is being developed following ATLASPix : smaller 
pixel size（50μm→25μm）, Low-power amplifiers and comparators, daisy chain of 
readout.

v Efforts being made to explore foundries in China for a few years

SMIC 55nm without HV: MPW in October 2022 
to verify the DNW structure; 25*150um2 for 
3*2mm2, a variety of passive diode arrays with 
simple amplifiers.
SMIC 55nm with HV: MPW planned for August 
2023. Will be real validation of the sensor with 
high resistance wafer. Will explore variation of 
diode structure. Will add analog amplifiers and 
switch circuit. 



Characterization of  the SMIC 55nm chips
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v 40 chips with SMIC 55nm (non-HV) received at the end of April 2023. Lab tests 
are underway. 

IV test

CV test



TPC: going from pad to pixel
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High granularity Sci-W ECAL and Sci-Fe HCAL (AHCAL)

23Both are read out with SiPM



Sci-W ECAL and AHCAL technological prototypes 
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Sci-W ECAL Sci-Fe HCAL

23cm*23cm

72cm*72cm

Transverse size



Standalone and combined beam tests @ CERN SPS
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USTC: Hao Liu, Jianbei Liu, Zhongtao Shen, Yukun Shi, Jiaxuan Wang, Yunlong Zhang

IHEP: Yuzhi Che, Fangyi Guo, Peng Hu, Xinghua Li, Yong Liu, Baohua Qi, Qi Wu

SJTU: Francois Lagarde, Siyuan Song, Zhen Wang, Haijun Yang

U. Shinshu: Tohru Takeshita

U. Tokyo: Ryunosuke Masuda, Tatsuki Murata, Wataru Ootani,, Yuki Ueda

Weizmann: Luca Moleri, Giannis Maniatis



Test beam data analysis task force
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Preliminary Results
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ECAL pedestal ECAL MIP hit energy spectrum

AHCAL pedestal AHCAL MIP hit energy spectrum PID with AHCAL



Display of hadronic showers : display of the imaging power 
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l The calorimeter system is able to contain high energy hadronic showers and 
record their details.



Scintillator Muon Detector R&D
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165 ps

70 ps
(3P4S-12SiPM)

87 ps
(12P-12SiPM)  



The 4th Detector Concept
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Excellent e/gamma 
energy resolution;

PID capability; 

Better hadronic 
energy resolution; 

Magnet in much 
reduced size. 

BMR: 4% → 3%



R&D for the 4th detector concept
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v Drift chamber

vTOF detector

vCrystal ECAL

vGlass-scintillator HCAL



Drift chamber simulation and design optimization 
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Optimized drift chamber design, detector R&D
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Developed High bandwidth preamplifier 

Waveform recorded of a drift 
chamber prototype



Synergy with IDEA, Collaboration with INFN
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Joint test beam and data analysis efforts, regular meetings



TOF detector options 
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MRPC 

AC-LGAD

～30ps

～30um



High granularity crystal ECAL with long bars

36

Photon identification efficiency > 95% 
when E > 0.7 GeV 

ReconstructionFull detector geometry 

transverse size: 1-2 cm
length 40-60cm 



Crystal ECAL R&D

37

Response uniformity



Crystal ECAL module prototype and beam test
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Module assembling at CERN PS beam site Tested with 10 GeV 𝜇 and 𝜋,  and 0.5-5 GeV e 

Module prototype design and development

Data analysis is underway

2*2*12cm3 crystal bars 
with 3*3mm2 SiPMs



A new AHCAL concept with glass scintillator tiles
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Scintillator glass R&D
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A collaboration with 
11 institutes has been 
formed on large area 
glass scintillator R&D
➔ scintillator glass with 
high density, large light 
yield, fast decay time and 
low cost.
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Decay time

Light Yield

Density

Steady and impressive 
progress in meeting 
the targets of the 
R&D effort



Beam test of scintillator glass samples
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Tested with 10 GeV 𝜇 @ CERN PS  
Scintillator glass samples

Light yields for MIP (10 GeV muon) Typical energy 
spectrum for MIP

Data analysis is ongoing



Other activities
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vDetector magnet R&D on both LTS ( for baseline detector) and HTS  (for the 4th

detector) technologies

vBeam background study has been closely following modifications and updates of 
the accelerator design including those of IR and beam pipe designs. Particle 
tracking , detector response simulation and other tools will continue to improve. 
Beam background with the updated accelerator design estimated by simple 
scaling indicates a significantly enhanced level of background in detectors. This 
would require rigorous measures for mitigation. 



Summary
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v CEPC physics studies constantly updated, improved and expanded 
to fully explore the CEPC physics potential.  

v Intense R&D activities are underway on the baseline detector 
concept targeting key technologies of all sub detectors. Significant 
progress has been made and several R&D projects have reached 
milestones. 

v The 4th detector effort has been ramping up on detailed simulation 
and global optimization, and even more on detector R&D.

v It is important to expand international collaboration and explore 
synergies with other international projects. 

Existing collaboration: CALICE Collaboration (PFA calorimeters), LCTPC 
Collaboration (TPC), INFN(Drift chamber), CMOS tracker Collaboration (Silicon 
tracker), French and Spain institutes (CMOS pixel)


