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CDF II W-Boson Mass

[Science 376 (2022)]

VS.
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[Science 376 (2022)]

While making any NP-interpretation, one needs to be cautious, given that significant 
tension exists between this CDF II result and the direct measurements performed by the 
D0 collaboration at the Tevatron and the ATLAS/LHCb collaboration at the Large Hadron 
Collider (LHC) and especially the latter ones are in good agreement with the SM prediction 

CDF II W-Boson Mass
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6D SMEFT  

Consider totally six self-contained operators in relation to EWPOs

Fit with W-boson mass (CDF/PDG), the EWPOs, and one Higgs observable
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6D SMEFT  
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2D Marginalization  

Case (1):            and         only    

Case (2): five operators except            

Case (3): all six operators
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To fit the CRF mW, T ~ 0.1 is favored!
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2D Marginalization  
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Include the signal strength of Higgs 
di-photon decay to constrain OWB    

µ��
ggh

µSM
=

5.8

⇤2
CWB

LHC: 
≈10%

HL*LHC: 
≈4%

Help to constrain OT to some extent   
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2D Marginalization: Case (3)  
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1D Marginalization  

A positive CT is strongly favored: 
at 68% C.L. 
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Tree-level NP (                      ):   

Loop-level NP (                            ):  

CT > (0.005� 0.015)⇥ ⇤2

TeV2

CT ⇠ O(1)

CT ⇠ O(10�2)

⇤ . O(10)TeV

⇤ . O(1)TeV



One Representative NP Scenario 

T=0 (or rho=1): NP with   

SM + singlet (1,1,0) 

SM + doublet (0,2,1) 

T>0 (or rho>1): NP with  

SM + A hypercharge-free triplet (Σ) (1,3,0)

4Ti(Ti + 1) > 3Y 2
i

4Ti(Ti + 1) = 3Y 2
i
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Best-fit Point 

MW is always well-fit,  
hence driving the whole fit 

More operators may 
not yield a better fit  

11



W-boson Mass at (HL-)LHC

Highly challenging in normal environment: systematics such as pileups 
takes over, making the kinematics reconstruction of W events inaccurate 

Special run with low ins-L and low pile-up: low detector occupancy =>  
optimal reconstruction of missing pT, PDF + Stat becomes dominant

[ATL-PHYS-PUB-2018-026]
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Future e+e- Collider

Defines the precision frontier of next decades in Higgs and electroweak physics 
and has an inborn advantage to measure W-boson mass. 
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Roadmap of  CEPC-SppC/FCC
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2020 +

[From Xinchou Lou, HKUST IAS HEP program (2022)]

[From Frank Zimmermann, HKUST IAS HEP program (2022)]



Operation Modes of  CEPC/FCC-ee 

CEPC
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[From Xinchou Lou, HKUST IAS HEP program (2022)]

[From Frank Zimmermann,  
HKUST IAS HEP program (2022)]



Methods of  Measuring W-boson Mass at e+e- Collider 

Threshold scan: relies on rapid rise of the W-pair 
production near its kinematic threshold.  

Simple and clean: involving event selection 
and counting only 

12/ab data equally shared between 
157.5-162.5 GeV =>                                 (stat)  

Kinematic reconstruction:  exploits the W-pair final 
state reconstruction and kinematic fit.  

Less influenced by statistical uncertainty 

Combining data at WW threshold and 240-365 
GeV  =>                                   (stat)    �MW ⇠ 0.5MeV

�MW ⇠ 0.5MeV
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[FCC CDR, vol. 1]



Methods of  Measuring W-boson Mass at e+e- Collider 
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[FCC CDR, vol. 1]
[CEPC CDR, vol. II]
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W-boson Mass at Future e+e- Collider 

Combination of the FCCee precisions and the current central values of the set of 
observables => CT  can be tested with more than 10sigma away from its null limit
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Question: Can the theory interpretation of mW catch-up with the experiment 
progress by the time of the future e+e- collider runs?
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[A. Freitas, S. Heinemeyer et. al., 1906.05379]

 Theoretical Uncertainties
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 Summary

In the SMEFT, an upward shift of mW is mainly driven by the 
OT operator 

The favored NP scale could be within the reach of current 
and near-future LHC searches    

Tree-level NP: 

Loop-level NP:    

Future e+e- colliders have an inborn advantage to measure 
W physics and test the relevant SMEFT    

We need to be open for all possibilities, to finally reveal the 
truth on this anomaly … …                            

⇤ . O(10)TeV

⇤ . O(1)TeV
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Thank you!
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