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PDF Limitations on mW

1

@ 7 TeV

Eur. Phys. J. C 84, 1309 (2024)

Nature 652, 321–327 (2026)

CT18NNLO

CT18ZNNLO

CMS-SMP-23-002

Science 376, 170-176 (2022)

NNPDF 3.1 NNLO

PDF uncertainties are among the dominant systematic uncertainties: Largest or second largest systematic

Nominal 
PDF set

Latest ATLAS and CMS measurements do profiling on PDF eigenvectors

@ 13 TeV
@ 1.96 TeV

https://doi.org/10.1140/epjc/s10052-024-13190-x
https://www.nature.com/articles/s41586-026-10168-5
https://arxiv.org/pdf/2412.13872
https://www.science.org/doi/10.1126/science.abk1781
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Combination of  MeasurementsmW
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Most 
precise

Most precise @ LHC

~  tension7σ

Combination of LEP, ATLAS, LHCb and D0 measurements

Eur.Phys.J.C 84 (2024) 5, 451

๏ Performance of modern PDF sets for precision 
EW measurements through compatibility with a set 
of Drell-Yan measurements

CT18

https://link.springer.com/article/10.1140/epjc/s10052-024-12532-z
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Next Combination of  MeasurementsmW
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๏ With the release of the CMS measurement, it is important to extend this study to include more datasets 
๏ Theory predictions with different PDF sets are compared with data using the xFitter framework: 

๏  statistic that needs to incorporate experimental correlations and PDF uncertainties χ2

χ2(m, b) = ∑
i

[μi − mi(1 − ∑j γi
jbj)]2

δ2
i,uncm2

i + δ2
i,statμimi(1 − ∑j γi

jbj)
+ ∑

j

b2
j

NUISANCE 
PARAMETER 

REPRESENTATION

๏  and  are relative statistical and uncorrelated systematic uncertainties of the measurement  

๏  are systematic nuisance parameters (including the PDF eigenvectors) 
๏ The nuisance parameters are constrained during profiling, and shifts in the nuisance parameters give rise to a 

penalty term in the : , “Correlated Term” 

๏ Minimising over the  is equivalent to a   with the correlated systematics in the covariance matrix (exact for 

additive systematics), but in addition gives the shifts  i.e. how each systematic and PDF eigenvector is pulled 
๏ PDF uncertainties enter via the Hessian eigenvectors of each set and all nuisance parameters are determined 

analytically 

δi,stat δi,unc i
bj

χ2 ∑
j

b2
j

bj χ2

bj

The shifts show how each systematic and PDF nuisance parameters is pulled by the data
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Theory Predictions
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๏ Previous combination effort used fixed order theory 
calculations at NNLO in QCD with NLO electroweak 
corrections 

๏ This iteration 
๏ Fixed order: NNLO or NLO depending on the 

availability of APPLgrids 
๏ NLO EW corrections only for ATLAS 7 TeV so far 

๏ Resummation effects studied 
๏ Example of variations seen when different PDF sets are 

used for ATLAS 7 TeV data:

CANDIDATE PDFS
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Theory Predictions: Resummation Effects
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๏ To study resummation effects, theory predictions for the ATLAS 7 TeV  measurements were done using 
DYTurbo at NNLO + NNLL accuracy 

๏ Example with CT18ZNNLO:

W+/W−/Z0

๏ Deviations from the FO prediction up to ~3%: can add the ratio as a KFactor on the FO predictions  Work in progress to understand the need for smoothing 
function, increased accuracy for DYTurbo runs etc. 

→
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Plethora of Drell-Yan Measurements and Compatibility Results
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๏ Grouped according to correlations:

๏ The CT PDF uncertainties correspond to 68% coverage, 
obtained by rescaling the PDF eigenvectors by 1/1.645 

๏ ATLAS 7 TeV, CMS 7 TeV, and LHCb measurements contribute 
significantly to the total correlated  values 

๏ CT18ZNNLO has the lowest  among the PDF sets considered
χ2

χ2

FOCUS ON FO PREDICTIONS FOR NOW!
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Profiled CT18ZNNLO: A Study
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๏  shown hereQ = 100 GeV

Something “strange” is happening

๏  and  drop 5-11% between  
๏  stays inside the CT18Z band

ū d̄ x = 0.01 − 0.1
g
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Profiled CT18ZNNLO
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๏Profiling with individual correlated groups was also done to understand the shifts/tensions

INDIVIDUAL RUNS

๏ Both ATLAS 7 TeV and LHCb 7 TeV datasets want to push 
strangeness up at high-x

๏ Pulls in 4 PDF eigenvectors seem to be the driving force

-

๏  Opposite pulls between measurement groups: 
D0  pulls against ATLAS and LHCb 7 
TeV

W → eν
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Profiled CT18ZNNLO: Pulls in Eigenvectors
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 shift of 
Eigenvector 3 shifts 
strange PDF up to 
37% at high-x

−1σ
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Profiled CT18ZNNLO: Tackling the Strangeness
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๏ Studied the effect of adding a dataset that probes the strange PDF directly: CMS 7 TeV  
๏ NLO (QCD) + LO (EW) grids

W + c

๏ Pulls back the eigenvectors slightly!
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Conclusions and Next Steps
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๏ PDF uncertainties remain dominant in  measurements: Different measurements adopt different nominal PDF sets and PDF 
uncertainty strategy 

๏ For the next iteration of the combination, we want to understand the constraints imposed by the individual DY 
measurements: Compatibility + PDF Profiling with DY measurements from ATLAS, CMS, LHCb, D0, CDF 
๏ CT18ZNNLO gives the best description for the DY measurements considered

mW

๏ Profiling CT18ZNNLO with these DY measurements lead to a high-  strangeness enhancement, driven by the ATLAS and 
LHCb 7 TeV datasets 

๏ Direct probe on strange PDF, CMS  measurement, pulls it back slightly, but enhancement still prominent 
๏ Study what other datasets could be added to pull it back further 
๏ Examine the effect of resummed predictions via KFactors 
๏ Effects of changing tolerance in profiling need to be understood 
๏ Feed the tensions seen in the pulls to the combination effort 
๏ Possible addition of GRIDs: ATLAS 7 TeV , CMS 13 TeV 

x

W + c

W + c W
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Backup
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Individual Profiling Runs
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Individual Profiling Runs
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Individual Profiling Runs
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Profiled CT18ZNNLO
๏ In addition to the combined run, profiling with individual correlated groups was also done to understand the shifts/

tensions

๏  and  drop 5-11% between  
๏  stays inside the CT18Z band

ū d̄ x = 0.01 − 0.1
g
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W+jets?

JHEP 07 (2021) 223

https://link.springer.com/article/10.1007/JHEP07(2021)223
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Datasets in CT18ZNNLO


