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CDF Measurement
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CDF II extracted the W mass with 
high precision energy 
measurements, via templates fits of 
various distributions, with fixed Γ𝑊𝑊
(a SM single parameter fit).



Tension with other experiments
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• 7 𝜎𝜎 tension with SM (discuss later)

• ~3 𝜎𝜎 tension with other experiments

also LHCb: 80,354 ± 32 MeV



Tension with other experiments
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• (If we roughly combine, non-officially, 
3 𝜎𝜎 tension with SM) 

• ~80,410 ± 15 MeV*

• Larger error bars as a result of 
incompatible measurements.

also LHCb: 80,354 ± 32 MeV

*Falkowski 22’



Outline

05/25/2022Zhen Liu               W mass & Future          CEPC Meeting 2022 8

• CDF Measurement
• Theory Assessment

• Tension with SM
• Shifts and Uncertainties
• BSM interpretations
• mW @ CEPC



Tension with SM
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SM is over-constrained (hence 
predictive).
We are testing it from all angles!
Precision directly probes new physics.
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Theory uncertainties
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Issacson, Fu, Yuan, 2205.02788

Rescaling W pT using Z pT

https://arxiv.org/abs/2205.02788


Theory uncertainties
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Issacson, Fu, Yuan, 2205.02788

https://arxiv.org/abs/2205.02788


PDF Uncertainties
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Gao, Liu, Xie, 2205.03942

https://arxiv.org/abs/2205.03942


PDF Uncertainties (continued)
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SMEFT interpretations
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Gu, ZL, Ma, Shu, 2204.05296

https://arxiv.org/abs/2204.05296


Tension with SM
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SMEFT results
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8-parameter “Global” SMEFT results

05/25/2022Zhen Liu               W mass & Future          CEPC Meeting 2022 24



05/25/2022Zhen Liu               W mass & Future          CEPC Meeting 2022 25



Tree-level new bosons
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Old mW
preferred

CDF mW
preferred

𝑆𝑆𝑆𝑆 2 𝐿𝐿 × 𝑆𝑆𝑆𝑆 2 𝑅𝑅 × 𝑆𝑆 1 𝑋𝑋
→ 𝑆𝑆𝑆𝑆 2 𝐿𝐿 × 𝑆𝑆 1 𝑌𝑌

Z’, W’ generates T at tree-level.
One needs to avoid direct resonance 
searches by engineering partially mixed 
leptons to suppress leptonic searches.



Top squarks (degenerate)
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Preferred by CDF
Preferred by old mW
Stop1 less than 400 GeV (current bound; more later)
Tachyonic Stop



Degenerate Top Squark not working…
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Use non-degenerate soft-
masses to enhance the loops



Top squarks (non-degenerate)
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Top squarks
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A few more directions could 
help further enhance or 
constrain:

• rr (soft mass ratios)
• right-handed sbottom mass
• 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
• Addition of slepton

contributions (also 
accommodates muon g-2)*

*Agashe, M, ZL, Sundrum, 2203.01796
Heinemeyer et al, 2203.15710

https://arxiv.org/abs/2203.01796
https://arxiv.org/abs/2203.15710


Coannihilation and LLP
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Mono-jet + (soft) displaced tracks

Can we do monojet+(soft) displaced tracks? 
Wouldn’t one be swamped by the soft SM 
backgrounds? 

We tried out Open Data

An, Hu, ZL, Yang, 2107.11405

https://arxiv.org/abs/2107.11405


400 GeV Stop alive

Zhen Liu               W mass & Future          CEPC Meeting 2022 32

See also for other open data physics studies, 
A. Larkoski, S. Marzani, J. Thaler, A. Tripathee, and W. Xue 1704.05066, 
A. Tripathee, W. Xue, A. Larkoski, S. Marzani, and J. Thaler 1704.05842, 
M. Andrews, J. Alison, S. An, P. Bryant, B. Burkle,S. 
Gleyzer, M. Narain, M. Paulini, B. Poczos, and E. Usai 1902.08276,
P. T. Komiske, R. Mastandrea, E. M. Metodiev,P. Naik, and J. Thaler 1908.08542,
C. Cesarotti, Y. Soreq, M. J. Strassler, J. Thaler, and W. Xue 1902.04222.

05/25/2022

An, Hu, ZL, Yang, 2107.11405

https://arxiv.org/abs/1704.05066
https://arxiv.org/abs/1704.05842
https://arxiv.org/abs/1902.08276
https://arxiv.org/abs/1908.08542
https://arxiv.org/abs/1902.04222
https://arxiv.org/abs/2107.11405


mW and g-2
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• CDF Measurement
• Theory Assessment

• Tension with SM
• Shifts and Errors
• BSM interpretations
• mW @ CEPC



W mass 
Precision
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(in)Direct Probes of Loop Particles
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New CEPC Snowmass paper: 2205.08553

https://arxiv.org/abs/2205.08553


Probing Stop via loop (Z-pole, Higgs precision)
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Fan, Reece, Wang, 1412.3107
Gori, Gu, Wang, 1508.07010

https://arxiv.org/pdf/1412.3107.pdf
https://arxiv.org/abs/1508.07010


Summary and Outlook

05/25/2022Zhen Liu               W mass & Future          CEPC Meeting 2022 38

• CDF Measurement
• Theory Assessment

• Tension with SM
• Shifts and Uncertainties
• BSM interpretations
• mW @ CEPC

There are many nice and interesting work by our colleagues 
(sorry for not covering them here for sake of time). 
We are excited to explore further!



W mass 
Precision
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