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Outline

● Past     
– W-boson mass at 7 TeV : https://arxiv.org/abs/1701.07240

● Future perfect
– Re-analysis / update of the former

● Future
– Status of mW combination project
– Ongoing measurements with new(er) data : talk by Zhibo Wu tomorrow



  

Prediction of mW in the SM - snapshot
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→ talk by Chen Wang tomorrow



  

Prediction of mW in the SM - 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

→ all carry uncertainties to be quantified!

The W boson mass in proton collisions



  

● 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



  

W-boson production at the LHC



  

Measurement overview



  

Physics modelling strategy



  

Physics modelling - pT
W



  

Strong interaction effects
● Transverse momentum distribution

– Z-based model tuning (Pythia) + Z→W extrapolation uncertainties
● HQ mass treatment and PDFs

Measurement precision ~0.5%



  

Summary of QCD uncertainties

(CT10nnlo)



  

Lepton calibration

● The Z boson mass is perfectly well know on this scale of precision, so can be 
used to calibrate the absolute scale of the momentum measurements

● Detector response derived             
from first principles to               
~0.5% for calorimeters,             
~0.05% for tracking detectors. 

~0.01% is required here
● mZ is known to ~0.002%,

mJ/psi to ~ 10-6

→ used for final adjustments



  

Muon calibration



  

Recoil calibration



  

After all is said and done...
● The ~good...



  

After all is said and done...
● The ugly



  

Internal compatibility



  

ATLAS result 



  

A few comments

● The W-boson mass measurement does typically not use state of the art theory… which sounds 
unfortunate, for such an important test

– Bad reasons : tradition; sociology; disconnection from theory caused by the lengthy 
experimental procedures, ….

– Better reasons : being based on detector-level distributions, the measurement requires a fully 
exclusive description of the final state (QCD and QED showers, underlying event, …). Such 
tools are generally behind, in terms of perturbative accuracy

● Recent developments of relevance for the measurement : N3LO / N3LL QCD; mixed QCD/EW 
corrections, new PDFs.

– When not using this, we at least quote the corresponding uncertainties

● The “dream tool” for this measurement would be a consistent interface between the exclusive MC 
generators and state-of-the-art pertrbative accuracy. A huge challenge!



  

A few comments

● The measurement is currently being re-analysed. Objectives : 

– Full review of old analysis by a new team; “resurrect” the analysis and maintain it alive

– Improvement of a few (sub-leading) systematic uncertainties

– Improved statistical methods
● Old : statistical-only template fit; uncertainties from pseudo-data with systematic variations
● New : profile likelihood fit – impacts uncertainties and central value

– Modern PDF sets
● CT10 → CT14, CT18, MMHT2014, MSHT20, NNPDF3.1, NNPDF4.0

– Measurement of GW

→ evaluate measurement stability under change of analysis procedures

→ update our result to state-of-the-art PDF sets and re-evaluate model dependence 



  

Combination of mW measurements



  

Objectives



  

Combination strategy



  

Measurement emulation



  

Event generators



  

Lineshape



  

Spin correlations in W-boson decay



  

Spin correlations in W-boson decay



  

Spin correlations in W-boson decay



  

Impact of generator updates



  

Choice of PDF sets



  

Combination – status

● Analysis completed : 
– Generator corrections and PDF extrapolations finalized for all experiments
– Results available for a variety of PDF sets : ABMP16, CT14, CT18, MMHT2014, 

MSHT20, NNPDF3.1 and NNPDF4.0
● Important messages on the PDF dependence of the measurement

– Compatibility quantified for the full combination, and for relevant subsets of 
measurements : LHC only; Tevatron only; “All – 1”

– Final recommendation : ?

→ currently under review by all collaborations



  

Conclusions
● The W boson mass is arguably the most difficult measurement in HEP

– Partial event reconstruction, incomplete kinematics
– Calibrations
– Physics modelling
– Precision goal

● First measurement ~2017, with 2011 data. Being updated
● Next measurement will use low-pile-up data collected in 2017,2018.
● Combination

– At present, it is difficult to quote a conclusive “world average”. The most precise measurement 
is also discrepant.

– Still important work : comparing LEP, Tevatron, LHC measurement results forces to  look deep 
into the modelling aspects, to “translate” the measurements into eachother, allowing 
quantitative comparisons and better studies of model dependence


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

