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CEPC physics program 
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An extremely versatile machine with a 
broad spectrum of physics opportunities

→ Far beyond a Higgs factory
Operation mode ZH Z W+W- 𝒕𝒕̅

𝑠	 [GeV] ~240 ~91.2 ~160 ~360
Run time [years] 10 2 1 5

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

La
te

st

30 MW L / IP [´1034 cm-2s-1] 5.0 115 16 0.5

50 MW
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

Both 50 MW and 𝑡 ̅𝑡 modes are currently considered as CEPC upgrades.

v Huge measurement potential for 
precision tests of SM:  Higgs, electroweak 
physics, flavor physics, QCD/Top



Higgs Precision measurements @ ZH runs
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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   



CEPC Accelerator International TDR Review and Cost Review
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More details in Jie Gao’s talk in CEPC workshop
https://indico.ihep.ac.cn/event/22089/contributions/167861



CEPC accelerator : key technology
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More details in Jie Gao’s talk in CEPC workshop
https://indico.ihep.ac.cn/event/22089/contributions/167861



Reference Detector Technical Design Report (ref-TDR)
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Technology study for Reference Detector TDR

7

vd



Reference Detector optimization
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Vertex detector
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AC-LGAD based outter tracker + time of flight detector

10



Testbeam of Prototype Crystal ECAL
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Timeline for CEPC ref-TDR
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Higgs Precision measurements @ ZH runs
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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   



Higgs coupling to quarks ： Jet origin identification
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v Higgs coupling to quarks can be measured to unpreceded precisions

Especially for light quarks (strange quarks) …

v  Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)

Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...

PFA algorithm Arbor + ParticleNet (Deep Learning Tech.)

ArXiv:2310.03440
Arxiv:2309.13231

ParticleNet (Deep Learning Tech.)

PRL 132, 221802 (2024) 

Benefitted from
PID detector
(TPC, TOF)



Higgs coupling to quarks ： Jet origin identification
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v Higgs coupling to quarks can be measured to unpreceded precisions

v From Jet Flavor Tagging to Jet Origin ID: 

ν ν H, H→cc: 3% → 1.7% ； Vcb: 0.75% → 0.45%

PRL 132, 221802 (2024) 



H → 𝛾𝛾
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More details in Kaili’s talk in CEPC workshop
https://indico.ihep.ac.cn/event/22089/contributions/168545



Higgs width @ CEPC
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vStandalone 240GeV 20ab-1 run gives ~1.5%

vStandalone 360GeV 1ab-1 alone gives 3.3%.

vBy combination of 240 and 360GeV run, potential to reach Δ Γ𝐻 < 1.0%

More details in Kaili’s talk in CEPC workshop
https://indico.ihep.ac.cn/event/22089/contributions/168545



EWK precision measurements@ CEPC (ZH, Z pole, WW runs)
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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.

CEPC Snowmass input: ArXiv: 2205.08553



The status of electroweak global fit
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v7 key observables in electroweak global fit

Consistency study of the standard model electroweak section

Need CEPC Z pole and WW runs : Precise measurements on EWK observables.   

PDG 2023



W mass measurement status
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vmW is a key observable to test SM consistency

Significant tension between CDF and latest CMS result

mW Measurement at future collider is essential, large impact to EWK global fit



Prospect of W mass measurement at CEPC (WW threshold runs)
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vExpect to reach below 1MeV precision on W mass

Four energy scan points:
• 157.5, 161.5, 162.5( W mass, W width measurements)
• 172.0 GeV (⍺QCD (mW), Br (W->had) , CKM |Vcs|)

P.X.Shen, P.Azzuri , G.Li et,al,
Eur.Phys.J.C 80 (2020) 1, 66
Joint study of CEPC/Fcc-ee

CEPC precision



Top quark measurements @ ttbar threshold runs
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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) . 

CEPC ttbar runs physics potential is competitive
Top mass Vs alpha_s likelihood

𝑡 ̅𝑡 modes are considered as upgrades.



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: dark matter, SUSY…
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vSignificantly better detection sensitivity to dark matter and SUSY

Higgs-portal Dark matter SUSY Dark matter



BSM searches: exotic decays, Dark Sector…
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vSignificantly better detection sensitivity to Higgs/Z exotic decays than HL-LHC

Z. Liu et al 1612.09284.
Good sensitivity of  exotic Higgs decay Dark Sector via exotic Z decay

Z. Liu et al. 1612.09284., J. Liu et al. 1712.07237

https://arxiv.org/abs/1612.09284
https://arxiv.org/abs/1612.09284


Physics case and physics benchmark study in Ref-TDR
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v Please consider to join us for Reference detector TDR physics benchmark study



Summary

28

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

v Reference detector TDR under preparation, to be completed by the
mid-2025 for the proposal of China’s 15th 5-year plan.

v Please consider to join us for Reference detector TDR physics benchmark study
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 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), DRD1-8 Collaboration



Backup
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Flavor physics studies @ Z pole
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White paper draft CEPC provides a unique opportunity to study Z LFV decays,
rare B decays, tests of LFU in tau decays or Bc decays etc.

More details in flavor 
physics section



The 4th Detector Concept

31

Excellent e/gamma 
energy resolution;

PID capability; 

Better hadronic 
energy resolution; 

Magnet in much 
reduced size. 

BMR: 4% → 3%



The 4th Detector Concept
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vSilicon combined with TPC or DC and TOF

 àbetter tracking and PID

Good k/pi separation up to 20GeV 

v4D Crystal ECAL with timing 

For PFA and with better EM resolution

vScintillating glass HCAL: 

Cost effective, better jet resolution 

vBoson mass resolution (BMR):4% à 3%



Silicon Pixel Chips for Vertex Detector
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Jadepix3/TaichuPix3 beam test @ DESY
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Spatial resolution 4~5um, Efficiency >99%

JadePix3
telescope

TaichuPix3 efficiency
TaichuPix3 resolution

JadePix3 resolution

Collaboration with CNRS and IFAE in Jadepix/TaichuPix R & D



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

Hit maps of multiple layers of vertex detector
Beam spot



Silicon Tracker using HV-CMOS: ATLASPix → CEPCPix

36

q Large area: ~70 m2 in TPC+SiTrk è Cost effectiveness

q Focus on MAPS pixel tracker, also started SSD for outer layers

q Joint efforts on an ATLASPix3 based demonstrator

q ATLASPix & MightyPix use TSI 180nm HV process

q Exploring SMIC 55 nm HV HR proces

è Smaller feature size & alternative foundry

q Other possibilities, e.g. MALTA3, TPSCo-65nm

The 2nd design 
for SMIC 55nm 
HV HR process

ATLASPix3
designed by KIT

Hitmap with Fe55 source Hitmap with electron beam

Collaboration with UK/Germany/Italy colleague  


