
  

Impact of the proton structure 
on electroweak precision measurements

at the LHC
M.Boonekamp, CEA/IRFU



  

Electroweak precision at the LHC
● A compelling landscape, in spite 

of a complex environment and 
“large” theoretical uncertainties



  

This presentation

● Brief introduction review of some leading measurements

● Impact of PDF uncertainties on measurement uncertainties and model 
dependence

● Means to address PDF uncertainties – measurement design, “profiling”, ...

● Ongoing discussion in LHC/PDF community

● summary



  

The W-boson mass
● Distributions in the transverse plane : the jacobian peak, gradually including

– Physics corrections



  

The W-boson mass
● Distributions in the transverse plane : the jacobian peak, gradually including

– Physics corrections

– And detector effects



  

The W-boson mass
● Distributions in the transverse plane : the jacobian peak, gradually including

– Sensitivity:

0.2%!



  

Parameter estimation

● LHC measurements almost universally use a so-called “profile likelihood” 
and extract the parameter of interest through a fit of the model to the 
relevant final-state distrubutions:

m : mW, in this case

q : nuisance parameters 
     (including PDFs)



  

The W-boson mass
● Results



  

The W-boson mass
● PDF dependence

Significant PDF dependence in ATLAS, 
mitigated through a scaling of the pre-fit PDF 
uncertainties.

The larger CMS dataset constraints the 
different PDFs to a more common model.



  

The W-boson mass and width
● PDF dependence : combinations help reduce model dependence



  

Effective leptonic weak mixing angle
● Measured from forward-backward asymmetries in Z → ee, mm decays

– As at LEP, but beam charge and flavour is only determined statistically!

– Mass and rapidity dependence of AFB separate PDF from weak mixing effects



  

Effective leptonic weak mixing angle
● Measured from forward-backward asymmetries in Z → ee, mm decays

– Also in this case, a significant PDF dependence, in part mitigated through the use 
of profiling and further constraining distributions 

– PDF model-dependence still O(measurement uncertainty)



  

High-mass Drell-Yan (interpretation)
● Forward-backward asymmetry is also measurement above the Z resonance

– Correcting for the PDF “dilution” brings in significant uncertainty in the 
measurement



  

High-mass Drell-Yan (interpretation)
● Data measurements are performed with percent-level precision well into the 

TeV scale

– Charged-current Drell-Yan in this example



  

High-mass Drell-Yan (interpretation)
● PDF uncertainties however come in when interpreting these data, for 

example in the context of SMEFT fits : 

inner/outer error bars : 68% / 90% CL PDF uncertainties



  

High-mass Drell-Yan (interpretation)
● PDF uncertainties expected to improve at the HL-LHC, from a combination 

on-resonance CC and NC measurements :  



  

PDF profiling
● Global PDF fits deal with a large number of sometimes inconsistent data 

sets, theoretical uncertainties that are difficult to estimate, and typically bad 
fit quality. Concept of “Tolerance” introduced to mitigate such issues

→T2, typically T2~10



  (Pavel Nadolsky)

PDF profiling – the ongoing debate



  



  

Conclusions
● The LHC covers a very significant portion of the electroweak measurement program. I 

couldn’t do justice to all in this short talk

● Theoretical calculations steadily improve, thanks to a huge effort form the theoretical 
community.

● PDFs can be expected to represent the main limitation in the long run. A proper 
estimation of the corresponding uncertainties, and consistent mitigation strategies will 
play a crucial role

● In preparation of the HL-LHC, a primordial objective is the definition of a (set of) PDF 
sets that are optimized for electroweak precision:

– Maybe less global than eg CTEQ, MSHT : reduced datasets, avoid inconsistencies

– Focusing on the theoretically best understood processes, minimizing related 
uncertainties

–  Aim for reduced tolerances and consistent separation of EXP and TH uncertainties
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