
Recent results on 𝑊 mass and 
branching fraction
Menglin Xu

Standard Model @ LHC, Switzerland CERN

04/11/2022



𝒎𝑾 status
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▪ Long term goal: close gap in precision between 
direct and indirect determinations 

▪ Global EW fit provides prediction with 7 MeV 
precision: almost half the uncertainty of the PDF 
average of the PDG average of direct measurement 
(12MeV)

▪ Hadron Collider measurements already available 
form ATLAS, CDF and D0
➢ Most precise measurements at LHC to data 

achieve 19 MeV precision

Standard Model @ LHC

https://pdg.lbl.gov/2021/tables/contents_tables.html


𝒎𝑾 measurement at LHCb
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▪ High precision measurement of 𝑚𝑊 is 
possible at LHCb, PDF systematic uncertainty 
can be reduced by a factor 2

▪ Sensitivity to the 𝑚𝑊 by carefully measuring 
the muon 𝑝𝑇

▪ Modelling of 𝑊 production and decay in 5D
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[JHEP 01 (2022) 036]

[Eur. Phys. J. C 75, 601 (2015)]
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CMS & ATLAS

https://link.springer.com/content/pdf/10.1007/JHEP01(2022)036.pdf
https://arxiv.org/abs/1508.06954v2


𝒎𝑾 uncertainties at LHCb
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[JHEP 01 (2022) 036]
Average of NNPDF31, CT18, MSHT20

Envelope from five different models

Uncorrelated scale variation

Envelope of the QCD FSR from Pythi8, 
Photos and Herweig7

Includes statistical uncertainties, 
details of the methods (e.g. binning, 
smoothing
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https://link.springer.com/content/pdf/10.1007/JHEP01(2022)036.pdf


𝒎𝑾 results at LHCb
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▪ LHCb achieves a precision of ~32 MeV using roughly 1/3 of the Run-II dataset
▪ An overall precision ~𝟐𝟎 MeV is achievable with all existing LHCb data

𝒎𝑾 = 𝟖𝟎𝟑𝟓𝟒 ± 𝟐𝟑𝐬𝐭𝐚𝐭. ± 𝟏𝟎𝐞𝐱𝐩. ± 𝟏𝟕𝐭𝐡𝐞𝐨𝐫𝐲 ± 𝟗𝐏𝐃𝐅 MeV

[JHEP 01 (2022) 036] [JHEP 01 (2022) 036]
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https://link.springer.com/content/pdf/10.1007/JHEP01(2022)036.pdf
https://link.springer.com/content/pdf/10.1007/JHEP01(2022)036.pdf


Future Prospects – LHC average
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▪ Combine with ATLAS results using Best Linear Unbiased Estimator method
➢ Assuming experimental uncertainties are uncorrelated
➢ Consider different assumptions for the correlation of theoretical and PDF uncertainties

Standard Model @ LHC

[Nucl. Instrum. Meth. A 270 (1988) 110]
[Nucl, Instrum. Meth. A 500 (2003) 391]

https://linkinghub.elsevier.com/retrieve/pii/0168900288900186
https://linkinghub.elsevier.com/retrieve/pii/S0168900203003292


Future Prospects – LHC average
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[Nucl. Instrum. Meth. A 270 (1988) 110]
[Nucl, Instrum. Meth. A 500 (2003) 391]
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Latest 𝒎𝑾 results from CDF
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▪ The precision is impressive 
▪ The result is tension with SM and other experiments

𝒎𝑾 = 𝟖𝟎𝟒𝟑𝟑. 𝟓 ± 𝟔. 𝟒𝐬𝐭𝐚𝐭. ± 𝟔. 𝟗𝐬𝐲𝐬𝐭. MeV

[Science 376 (2022) 170]

plot link

https://www.hep.ph.ic.ac.uk/~wjb10/mW/mW_summary_colour.pdf


Current state of 𝑊 boson branching 
fraction measurements
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▪ The most precise values come from LEP experiments
▪ Good agreement between 𝐵(𝑊 → 𝑒) and 

𝐵(𝑊 → 𝜇)

▪ 𝑅𝜏/(𝑒+𝜇) =
2ℬ(𝑊→𝜏𝑣𝜏)

ℬ 𝑊→𝑒𝑣𝑒 +ℬ(𝑊→𝜇𝑣𝜇)
shows 𝟐. 𝟔𝝈

from the SM expectation of 0.9996
▪ At LHC , large ross section for the production of 𝒕 ҧ𝒕

offers a sizable high-purity of 𝑾 boson pairs
▪ ATLAS has precisely measured 𝐵𝜏/𝐵𝜇

▪ Consistent with lepton flavour universality (LFU)

[Nat. Phys. 17, 813–818 (2021)]

[PR 532, 119-244 (2013) ]
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[PRD 62.0730101 (2000)] 

https://www.nature.com/articles/s41567-021-01236-w#citeas
https://www.sciencedirect.com/journal/physics-reports/vol/532/issue/4


𝑊 boson branching fractions at CMS
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▪ Three leptonic decay branching fractions of the W 
boson as well as the average leptonic and inclusive 
hadronic branching fractions assuming LFU

▪ Datasets: 2016 data at 13TeV ~ 35.9 fb−1

▪ Max likelihood fit of all 𝑊 BR with histogram 
templates for leptons 𝑝𝑇

[arXiv:2201.07861]

Standard Model @ LHC

http://arxiv.org/abs/arXiv:2201.07861


Branching fraction results at CMS
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▪ 𝐵 𝑊 → 𝑒𝑣𝑒 and 𝐵 𝑊 → 𝜇𝑣𝜇 are ~1.5 times more precisely than at LEP

▪ 𝐵 𝑊 → 𝜏𝑣𝜏 have similar total uncertainty
▪ 𝐵 𝑊 → 𝑙𝑣 is consistent with LEP, but much more statistically precise
▪ Inclusive hadronic 𝐵 𝑊 → 𝑞ത𝑞 is about 70%, uncertainty is ~ 15% smaller than LEP

[arXiv:2201.07861]

[arXiv:2201.07861]

Standard Model @ LHC

http://arxiv.org/abs/arXiv:2201.07861
http://arxiv.org/abs/arXiv:2201.07861


Ratios of leptonic branching fractions at CMS
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▪ Ratios between branching fractions give a quick check of LFU
▪ The ratio between the 𝜏 and 𝑒/𝜇 ratios is calculated 

assuming partial LU, i.e., 𝐵𝑒 = 𝐵𝜇 ≠ 𝐵𝜏

[arXiv:2201.07861]

Standard Model @ LHC

[arXiv:2201.07861]

http://arxiv.org/abs/arXiv:2201.07861
http://arxiv.org/abs/arXiv:2201.07861


Other SM parameters at CMS
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▪ The measured values of the leptonic branching fractions can also be used as to derive several 
other quantities of interest 
➢ 𝛼𝑆(𝑚𝑊

2 ) : although not competitive compared with the current world average, confirms 
the usefulness of the 𝑊 boson decays to constrain this fundamental standard model 
parameter at future colliders

➢ Using the world average value of 𝛼𝑆(𝑚𝑊
2 ) , σ𝑖𝑗 𝑉𝑖𝑗

2 providing a precise check of CKM 

unitarity
➢ |𝑉𝐶𝑆|: is as precise as the current | 𝑉𝐶𝑆 | = 0.987 ± 0.011 result obtained from direct D 

meson decay data

[arXiv:2201.07861]

Standard Model @ LHC

http://arxiv.org/abs/arXiv:2201.07861


Summary
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▪ 𝑾 boson mass measurement 
➢ An overall precision < 20 MeV looks achievable with existing LHCb Run 2 datasets
➢ ATLAS achieve 19 MeV precision, the most precise measurements at LHC to data 
➢ LHCb+ ATLAS results combinations could have about 16 MeV precision
➢ CDF latest 𝑚𝑊 results is tension with the SM and other experiments, with 

impressive precision
▪ 𝑾 branching fraction measurement

➢ ATLAS has precisely measured 𝐵𝜏/𝐵𝜇 at 13TeV , the result is consistent with LFU

➢ The precision CMS result exceeds the previous best result obtained by LEP and confirms 
the ATLAS result

➢ LHCb measurement is ongoing

Standard Model @ LHC

[JHEP 01 (2022) 036]
[Eur. Phys. J. C 78 (2018) 110]
[Science 376 (2022) 170]]

[arXiv:2201.07861]
[Nat. Phys. 17, 813–818 (2021)]

https://link.springer.com/content/pdf/10.1007/JHEP01(2022)036.pdf
http://arxiv.org/abs/arXiv:2201.07861
https://www.nature.com/articles/s41567-021-01236-w#citeas
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Peculiarities of the LHCb detector
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[JINST 3 (2008) S08005]
[Int. J. Mod. Phys. A 30 (2015) 1530022]

▪ Detector in the forward region with excellent momentum and vertex resolutions
▪ Coverage is complementary to ATLAS and CMS (with some lverlapping at low pseudoratpidity)

Standard Model @ LHC



Interesting process @ LHC
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▪ Take advantage of 𝒕 ҧ𝒕 production
➢ Abundantly produced (𝜎𝑡 ҧ𝑡 = 832 pb ≫ 𝜎𝑊𝑊 = 120 pb
➢ Unique signature (multiple jets, b tagging) allows 

selection of high purity sample
➢ Well understood systematic uncertainties

▪ Also consider as signal: 𝑡𝑊,𝑊𝑊 and 𝑊+jets 
▪ Main challenge: account for overlap between prompt 𝑊

decays vs. W decays with intermediate 𝜏

Standard Model @ LHC



Categorization
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▪ Base line selection
➢ One muon with 𝑝𝑇 > 25 GeV or one 

electron with 𝑝𝑇 > 30 GeV 
➢ Select events with additional electrons, 

muons, hadronic tau leptons, or jets
➢ Overlap in object reconstruction prioritizes 

𝜇 → 𝑒 → 𝜏 → ℎ
▪ Categorization by 𝑵𝒋𝒆𝒕𝒔 and 𝑵𝒃 𝒕𝒂𝒈𝒔

➢ Main selection isolates 𝑡 ҧ𝑡 and 𝑡𝑊
production

➢ Finer binning of 𝑙𝜏 categories improves 
purity of hadronic 𝜏 ID

➢ Enriched in 𝑍 → 𝜏𝜏 used for reducing 𝜏
reconstruction systematic uncertainties

Standard Model @ LHC



Main systematics uncertainty sources
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▪ Lepton reconstruction efficiencies and 𝑝𝑇 scale
▪ Normalization of simulation and data-driven backgrounds
▪ Modelling of 𝑡 ҧ𝑡

Standard Model @ LHC



𝑾 branching fractions and correlations
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Correlations matrices for leptonic branching fractions
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