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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



  

Published results

● Overall picture



  

Modelling : 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

Z 

e -

u

~



  

● Tevatron : Z-based model tuning (Resbos)

 no extrapolation uncertainties, but validation with W events

Science 376 (2022) 6589, 170-
176

Modelling : transverse momentum distribution



  

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

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

Measurement precision ~0.5%

JHEP 09 (2014) 145

Modelling : transverse momentum distribution



  

● LHCb : 

– Z data : pT
Z, f*

– simultaneous fits to mW and pT
W in 

W events

– repeated for different models :

Modelling : transverse momentum distribution
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Modelling : spin correlations

● Resbos extensively used at the Tevatron ; LHC analyses correct their respective MCs 
to fixed-order calculations

– Undershoot of e.g A0 in Resbos yields softer mT and pT
l distributions → mW 

biased upwards ( ~10 MeV effect)
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● Angular coefficients – why disfavour Resbos1?

Fixed-order
NLO
NNLO

Modelling : spin correlations
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Modelling : PDFs

● Experiments use the state of the art of their time, and gradually realize the impact of 
PDF choices on their measurements

– D0, CDF (2013): CTEQ6.1, CTEQ6.6

– ATLAS (2017) : CT10 (cross checks with CT14, MMHT2014, ~4 MeV)

– LHCb (2022) : <NNPDF31, CT18, MSHT20>

– Later updated use 6-7 PDF sets : up to ~20 MeV effects
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Modelling : QED / EW corrections

● Baseline fits still based on pure QED FSR. Uncertainties estimated to ~6-7 MeV:

– QED radiation calculation

– Higher-order effects: g*→ll spitting, EW corrections 
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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 PDF & QCD accuracy

– combination including correlations

mW
CDF

CTEQ6M
mW

ATLAS

CT10nnlo

dmW
CDF

                             dmW
D0

                                 dmW
ATLAS     dmW

LHCb

Common baseline

mW
D0

CTEQ6.6

mW
combined … and repeat, for different PDFs

mW
LHCb

CT18/NNPDF/MSHT20

Combination
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● Full procedure, decomposed into generator and PDF effects : 

● Extrapolations (dmW) evaluated using generator-level reweightings and “emulation” of 
detector effects

–             : APMB16, CT14, CT18, MMHT2014, MSHT20, NNPDF3.1, NNPDF4.0      
                  

–            essentially covers for improvements in the spin correlations   

mW
updated       =       mW

ref .       +       dmW
QCD       +       dmW

PDF

dmW
PDF

dmW
QCD

published PDF extrapolation  Improved predictions,
for reference PDF

Combination
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Combination

● PDF extrapolations

– Large effects on separate 
experiments

– Opposite trend stabilize 
combination
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● PDF uncertainties and correlations : 

CT18

Sometime partial or negative correlations → stabilizes PDF effects on combinations

Combination
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Results
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● All experiments

● All except CDF

Combination results
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● CT18 PDF set used as baseline as it is most conservative, and given the observed PDF dependence 
of the combination results

● Full world average : 

   mW = 80394.6 ± 11.5 MeV P(χ2) = 0.5%

– Quoted for completeness, but not considered a meaningful number

– We consider the discrepancy can not be explained by an under-estimation of quoted 
uncertainties; error scaling does not apply

● Average of all measurements except CDF : 

     mW = 80369.2 ± 13.3 MeV P(χ2) = 91%

– PDF envelope 5 MeV (12 MeV when including ABMP16)

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

Combination results



  

Updates
● ATLAS : re-analysis of 7 TeV data

● Three purposes : 

– Update and extend study of PDF dependence of mW

– Measurement of W-boson width

– Improved statistical method

… everything else unchanged (or almost)



  

Updates
● ATLAS : re-analysis of 7 TeV data

● Likelihood :



  

Updates
● ATLAS : re-analysis of 7 TeV data

● Sensitivity to the width :

– NB : extending to mT<150 GeV gives a factor ~2 more sensitivity, but we 
lacked a sufficient model for systematics in this region



  

Updates
● ATLAS : re-analysis of 7 TeV data

● Results : 



  

Updates
● ATLAS : re-analysis of 7 TeV data

● Results : 



  

● PDFs

– Note re. profiling

● the primary aim of PL fits is to make models more flexible, enabling them to detect 
miscalibrations or underestimated uncertainties. However, fitting models can not go 
without constraining the parameters…

● Including tolerance in the (PDF) nuisance parameters would prevent the fit from 
constraining the corresponding uncertainties, but also rigidify the model again

● Studying the dependence of results on pre-fit uncertainties seems like a better way to go

Updates



  

Prospects
● LHCb

(Miguel Ramos Pernas, Orsay, ‘23



  

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



  

Prospects
● CMS



  

Prospects
● Combination : methodological developments to properly correlate « offset » 

measurements and profile-likelihood fit results

– Using properly decomposed PL fit uncertainties (arXiv:2307.04007)

– Using post-fit covariance :

First discussions and tests

in this direction



  

● Analytical resummation – now at approximate N4LO+N4LL

– Essentially removing any uncertainty in the W/Z pT distribution ratio, but….

– flavour-dependent intrinsic kT; heavy-quark mass effects; process-dependent 
EWK effects… are not (yet) addressed (and matter for mW)

2303.12781

Progress and limitations

https://arxiv.org/abs/2303.12781


  

Progress and limitations
● Electroweak corrections : NLO EW / FSR only (ATLAS perspective)

– Used Winhac in the past ; PowhegEW as second generator would be an 
extremely useful cross check

– Aim : use NLO EW as baseline, and residual scheme dependence as systematic 
(currently consider full NLO/FSR effect as systematic)

– However, differences seem unnaturally large so far :

More investigations would be extremely 
helpful, in collaboration with the authors

Xuewei Jia



  

Summary and conclusions

● Current measurement uncertainties range from ~10 to ~30 MeV. 

● Combining compatible measurements yields dmW = 13 MeV

● Limitations : 

– pT
W,Z distribution : huge progress, but still not much on the pT

W/pT
Z

– PDF dependence and PDF uncertainties… how to address this quantitatively ?

– Electroweak corrections : many results on EW and mixed QCDxEW corrections, 
but limited MC implementations

● Prospects : next generation of measurements hopefully reaches ~10-20 MeV 
precision, maybe better combined. 

Real progress, or instead highlighting limitations in the modelling ?
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