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Introduction
• CEPC is Higgs Factory （Ecms=240GeV , 106 Higgs)
• CEPC is Z factory(Ecms~91GeV) ,electroweak precision physics at Z pole.

– baseline L=1.6 X 1035 cm-2s-1 , Solenoid =3T, 3X1011 Z boson, two years
– L= 3.2 X 1035 cm-2s-1 , Solenoid =2T ，6X1011 Z boson
– Assuming Z cross section with ISR correction : 32 nb

• WW threshold scan runs (~160GeV) are also expected.
– One year, Total luminosity 2.6 ab-1 14M WW events
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Electroweak global fit
• Review of the key electroweak constant

– Beam energy systematics is dominant systematics on MZ, MW

– Beam energy measurement is the key to Z pole and WW physics
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Motivation
• Small tension in weak mixing angle and W mass.( 2σ )

– Between direct measurement and EWK fit prediction
– Indirect search for new physics

4

 [GeV]WM
80.32 80.33 80.34 80.35 80.36 80.37 80.38 80.39 80.4 80.41

2 χ
∆

0

1

2

3

4

5

6

7

8

9

10

σ1

σ2

σ3
 measurementWSM fit w/o M

 measurementH and MWSM fit w/o M
SM fit with minimal input

 world average [arXiv:1204.0042]WM

G fitter SM

Jul ’14



W mass and Z mass measurement
• Threshold scan method is used in LEP for Z/W mass measurement
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Current
precision

CEPC goal CPPC beam
energy precision

MZ 2MeV 0.1 MeV 0.1MeV

Mw 19MeV 1MeV 0.5 MeV



E_beam measurement method
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Z pole WW
(160GeV)

ZH (240GeV) ttbar (350GeV)

Resonant
Depolarization
(Zhe’s talk)

0.1MeV 0.5 MeV NA NA

Compton 
scattering

(Yongsheng)

0.3MeV 0.6MeV 1.0 MeV 1.8 MeV

Z->μμγ - 1~2MeV 1~2MeV 1~2MeV



Z->llγ method
• Use Z pole data to calibrate lepton and photon momentum scale

– Use this scale to measure beam energy in WW and ZH and ttbar runs
– LEP precision with this method: ~20MeV (syst from lepton angular scale)
– CEPC expected precision: 1~2 MeV (benefitting from granularity of detector)
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Summary
• Precise Beam energy measurement is the key

– to CEPC Z pole and WW physics
• Three different methods

– Resonant Depolarizacon method is more for Z and WW runs (Zhe’s talk)
– Compton scadering method for WW, ZH and dbar runs (Yongsheng’s talk)
– Z->μμγ method works for ZH and dbar runs
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Statistics error on W mass Vs Luminosity
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Prospect of CEPC W mass measurement
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• CEPC can improve current precision of W mass by one order of magnitude

– A possible BSM physics can be discovered in the future

CEPC



CEPC physics potencal
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W mass measurement in lepton collider
• Two approaches to measure W mass at lepton collider:
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Direct measurement
performed in ZH runs (240GeV)
Precision 2~3MeV

WW threshold scan
WW threshold runs (157~172GeV)
Expected Precision 1MeV level



WW threshold scan – CEPC plan
• WW threshold scan running proposal

– two points scan proposed by Paolo Azzuri (arxiv: 1703.01626v1)

– Four energy scan points:

• 157.5, 161.5, 162.5( W mass, W width measurements)

• 172.0 GeV (⍺QCD (mW) measurement, Br (W->had) , CKM |Vcs|)

• 14M WW events in total (>400 times of LEP2)

Ecm (GeV) Lumiosity
(ab-1)

Cross section (pb) Number of WW pairs
(M)

157.5 0.5 1.25 0.6

161.5 0.2 3.89 0.8

162.5 1.3 5.02 6.5

172.0 0.5 12.2 6.1
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WW threshold scan-systematics unc.
• Consider the beam spread unc. (EBS),beam energy unc. , signal efficiency,

cross section unc. and background
• Expected 1MeV precision in W mass

– Dominated by statistics uncertainty: 1MeV
– Leading syst. (0.5MeV): beam energy syst.

• Working with Paolo Azzuri and Maarten Boonekamp for systematics study
• Plan to have a joint CEPC-Fcc(ee) paper on WW threshold scan. 
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Backward-forward asymmetry in Z->μμ
• LEP measurement : 1.69% +-0.13% (PDG fit)
• CEPC has potential to improve it by a factor of 20~30 .

– muon angular resolution(~0.1%)
– Acceptance in forward region

• Full simulation studies to understand muon angular resolution
– Muon angular resolution can reach 1e-5 level (by full sim)
– Potential benchmark channel

• TPC challenges in Z pole , forward region design in TDR
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TPC challenges

In Marcel‘talk

Forward region
challenges



Prospect of CEPC EWK physics
• Expect to have 1~2 order of magnitude better than current

precision
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Prospect of CEPC EWK physics
• Expect to have 1~2 order of magnitude better than

current precision
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Prospect of CEPC W mass measurement
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• CEPC can improve current precision of W mass by one order of magnitude

– A possible BSM physics can be discovered in the future

Figure from Gfitter community (LHC+ILC)



Constraint to new physics
• Oblique parameter S,T,U : corrections to gauge-boson self-energies

– S and T (U) correspond to dimension 6 (8) operators
• Constraint to Oblique parameter from CEPC EWK measurements will 

be about one order of magnitude better than current constraint.  
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Z mass measurement （2）
– Syst uncertainty: ~0.5 MeV

• Beam energy uncertainty is major systematics
– Resonant depolarization approach by LEP [1] à <0.5MeV

– Compton backscattering [2] à 2~5 MeV
– Radiation return , Z(μμ)𝛾 events à 2~5MeV
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