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MOTIVATION
High statistics at LHC Run II + High Luminosity runs 

                   -->  precision physics at TeV scale (SM + BSM) 

Theoretical progress in perturbative QCD 
  – fnite-order calculations through NLO and NNLO      

  – resummations through LL, NLL and NNLL 

                  --> Nonperturbative QCD contributions,  

                      e.g. parton distribution functions (PDFs),   
              increasingly important as an essential limiting factor
                             in precision studies and searches   

Which measurements will help the most to constrain PDFs and 
their uncertainties?
                                     -->  “PDF profling” 
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DI-LEPTON DRELL-YAN PRODUCTION
MEASUREMENTS AND PDF DETERMINATION
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ANGULAR COEFFICIENTS IN DI-LEPTON
PRODUCTION AND A_FB ASYMMETRY

NB. can measure reconstructed A_FB  
       [M Dittmar,  PRD 55 (1997) 161] 
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Leading order DY differential cross section and
PDF sensitivity from A_FB



6 F Hautmann: LHC EW Meeting - CERN, 1 July 2019

The Cross Section Case

● high-M region dominated by statistical uncertainties – exploit high statistics for M near M_Z 
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The A_FB Asymmetry Case

● here too the high-M region is affected by large statistical uncertainties – exploit low-M region
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Run I Legacy

●  the two sources of uncertainty are comparable → no gain in PDF determinations from including A_FB at Run I



9 F Hautmann: LHC EW Meeting - CERN, 1 July 2019

Run II and HL LHC

● regions in which sigma and A_FB data can improve PDF determinations arise at Run II and HL LHC
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PDF profling - using A_FB 

[S Alekhin et al, Eur Phys C75 (2015) 304] 

NLO QCD corrections computed from MadGraph5_aMC@NLO, interfaced to APPLgrid via aMCfast  

mailto:MadGraph5_aMC@NLO
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PDF profling - using A_FB 

● largest reduction of uncertainty band for u-valence at intermediate to low x; also for d-valence and sea as 
luminosity grows
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PDF profling - using A_FB 

● Impact of A_FB differs for
  different PDF sets

● ABMP16, CT14 and
  HERA2.0 are the most
  sensitive to A_FB

● Can probe higher x by
  employing cuts in rapidity

● Investigate which PDFs are
  most sensitive via eigenvector
  re-parameterisation (for sets
  with Hessian eigenvectors,
  CT14 and HERA2.0)
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Eigenvector rotation

● First two
  eigenvectors 
  almost completely
  determine the 
  error band

● Strongest 
  constraints on
  charge-weighted
  sum of u-valence
  and d-valence
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Parton luminosities at high rapidity

● High rapidity cut suppresses
  d dbar interactions and gives
  us a handle on u and ubar

● Selecting Y = 4.5 on the 
  Z pole we have an overall 
  contribution from d dbar 
  processes of 
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u and ubar sensitivity: the high rapidity case

● In high rapidity region A_FB is helpful to disentangle different PDF sets 
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Profling with high rapidity cut
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Systematic theta-W effects:
LEP/SLD vs. global EW ft
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Studying impact of QED PDFs on profling
via k-factor
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Missing electroweak corrections:
impact of Z peak and W W threshold regions
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Concluding remarks

           Using high luminosity measurements to constrain 
                  nonperturbative QCD efects  from PDFs 
                           is one of upcoming LHC goals 

PDF profling tools instrumental to this – xFitter is one such tool  

New PDF sensitivity by associating to di-lepton M_ll and 
Y_ll spectra the NC forward-backward asymmetry, encoding  
lepton's angular information 

Will be primary avenue in coming years for reducing PDF (and
“PDF set”) uncertainty 


	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

