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Prediction of mW in the SM – a snapshot
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Prediction of mW in the SM – a snapshot
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The W boson mass in proton collisions



  

The W boson mass in proton collisions
● Incomplete kinematics (missing neutrino!)

→ no invariant mass
→ rely on measured quantities, and exploit 
momentum conservation in the transverse plane

● Event representation :



  

● Physics corrections : W width; QCD and QED ISR and FSR, PDFs, ...

→ all carry uncertainties to be quantified!
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● Detector effects, also with uncertainties :

– Lepton calibration and resolution; Missing ET resolution ~ 5 – 15 GeV

– Efficiencies and acceptance ~15% (with non-trivial kinematic dependence!)

The W boson mass in proton collisions



  

● Mass measurement : produce models (“templates”) of the final state 
distributions for different mass hypotheses; compare to data

0.2%!

The W boson mass in proton collisions



  

Two slides on calibration
● Leptons calibration from “perfectly known” resonances

dmJ/psi /mJ/psi ~ 10-6

dmZ /mZ ~ 2.10-5

JHEP 01 (2022) 036



  

Two slides on calibration
● Recoil response & resolution calibrated 

using over-constrained kinematics in Z 
events

EPJC 78 (2018) 110



  

Transverse momentum distribution

● Initial state radiation involves large corrections, and is in part non-perturbative. W 
events are only partly measured (neutrino!)

● Approach : adjust model parameters using Z events, which are close to W’s and can 
be measured precisely; extrapolate to W production
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Transverse momentum distribution

● Tevatron : Z-based model tuning (Resbos); no extrapolation uncertainties, 
but validation with W events

Science 376 (2022) 6589, 170-
176



  

Transverse momentum distribution
● ATLAS : Z-based model tuning (Pythia) + Z→W extrapolation

● Corresponding uncertainties : 
● HQ mass treatment in showers and resummation
● HQ PDFs

Measurement precision ~0.5%

JHEP 09 (2014) 145



  

Transverse momentum distribution

● LHCb : 

– Z data

– simultaneous fits to mW and pTW 
in W events

– repeated for different theoretical 
models



  

Transverse momentum distribution
● Analytical resummation – now at approximate N4LO+N4LL

– Essentially removing any uncertainty in the W/Z pT distribution ratio

– However, analysis is not complete : flavour-dependent intrinsic kT; heavy-quark 
mass effects; process-dependent EWK effects… are not (yet) addressed

2303.1278
1

https://arxiv.org/abs/2303.12781
https://arxiv.org/abs/2303.12781


  

Published results

● LEP ~35k e+e- → W+W- candidate events



  

Published results

● Tevatron – D0 ~1.68M W → en candidate events 



  

Published results

● LHC – ATLAS 7 TeV ~15M W → en, mn candidates



  

Published results

● LHC – LHCb 13 TeV ~2.4M W → mn candidates



  

Published results

● Tevatron – CDF ~4M W → en, mn candidates

7s from the SM, but….



  

Overall picture
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● Measurements performed at different times, using different baseline PDFs and QCD 
tools : existing result extrapolated to a common baseline

● Two-step procedure : 

– correct to common theory and modelling

– combine including correlations (proton structure)
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Combination

● PDF extrapolations

– Large effects on separate 
experiments

– Opposite trends stabilize 
combination
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Full world average  P(χ2) = <0.5% mW
CDF – mW

Others  ~ 4s
Average w/o CDF P(χ2) = 91% mW = 80369.2 ± 13.3 MeV

This average and the published CDF result considered on equal footing but incompatible

Combination



  

Updates and prospects
● ATLAS : re-analysis of 7 TeV data

– extend study of PDF dependence of mW; W-boson width; Improved statistical method

… everything else unchanged (or almost)



  

Updates and prospects

● LHCb
(Miguel Ramos Pernas, Orsay, ‘23



  

Updates and prospects

● Low-pile-up data in ATLAS : compared to 7 TeV, the loss in statistics (/7) is 
good part compensated by the sensitivity per event (x3)

● 1 fb-1 of such data would be an extremely good investment in this respect



  

Updates and prospects

● CMS



  

Updates and prospects

● CDF



  

Row 1 Row 2 Row 3 Row 4
0

2

4

6

8

10

12

Column 1

Column 2

Column 3



  

Conclusions

● mW now an active field at the LHC… progress is still slow

● ~<10 MeV sensitivity per experiment not an unrealistic goal; ~5 MeV combined?

● Main challenge : theoretical and modelling accuracy of W production and decay

– Perturbative accuracy keeps improving (→ A.Vicini’s presentation Sat.)

– measurements require a fully exclusive description of the final state (QCD and 
QED showers, underlying event) : MC’s!

– Proton structure uncertainties difficult to quantify (and discussions with the PDF 
groups do not progress very much…)

● The experimental situation is presently confused; forthcoming measurements will 
hopefully clarify the situation.

           Thank you!



  

overflow



  

Updates and prospects

● ATLAS : re-analysis of 7 TeV data

● Sensitivity to the width :
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● PDF uncertainties and correlations : 

CT18

Sometime partial or negative correlations → stabilizes PDF effects on combinations

Combination



  

Updates and prospects

● ATLAS : re-analysis of 7 TeV data

● Results : 



  

The W boson mass in proton collisions
● Polarization
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