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Outline

Disclaimer: not a comprehensive review, for that see e.g.  J. Gao et al, arXiv:1709.04922 , 
here focus on global PDF sets combined in Yellow Report 4



The PDF4LHC15 combination

Yellow report 4, Deciphering the nature of the Higgs sector, arXiv: 1610.07922

PDF4LHC15, J. Butterworth et al, J.Phys. G43 (2016) 023001

2016



A new precision era

• Plethora of very precise data available & statistical uncertainties often below 1%
E.g. Gluon: top pair, jets and Z transverse momentum distributions all constrain gluon at large x

• NNLO calculations available
Czakon et al [PRL 110(2013)], Czakon et al [JPCP (2014)], Czakon et al [JHEP 1301(2015)]
Gehrmann-De Ridder et al [JHEP 07 (2016)], Gehrmann-De Ridder et al [JHEP 11 (2016)], Boughezal et al [PRL 16 (2016)],Boughezal et al [PRD 14 (2016)]
Currie et al [PRL 118 (2017) ]Currie et al [PRL 119 (2017) ]Gehrmann-De Ridder et al [PRL 110 (2016)

• Fast interface available now also at NNLO (M. Sutton et al APPLfast-NNLO)



2018

New insights on PDFs

• A number of LHC Run I data included in PDF fits and impact of several data analyzed.  Sizeable impact.
• Breakthrough in theory constraints on photon Manohar et al Phys.Rev.Lett. 117 (2016)

• Progress in QCD+EW PDF evolution and corrections in hard processes 
• Developments in fitted/intrinsic charm

2018

Gluon Down

J. Gao et al, arXiv:1709.04922
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•Upper figure: CT18
• HERA1+II data set provides the dominant 

constraint, followed by ATLAS, CDF2, 
CMS, D02 jet production, HERA c

• tT double differential cross sections 
provide weaker constraints

•Lower figure: CT18Z
• CT18Z: a lower NNLO gluon in the Higgs 

production region than for CT14/CT18 as 
a result of 

• higher charm mass, mc
pole=1.4 GeV

• including ATLAS7 W/Z production
• a special factorization scale in DIS 

that mildly improves χ2 and 
approximates effect of small x 
resummationU
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NNPDF3.1 - Eur.Phys.J. C77 (2017)

• Precise LHC Run I data included 
in NNPDF3.1: sizeable impact on 
PDFs

• Consistent constraints on the 
gluon from ZpT, jets and top data 
(Nocera, MU 1709.09690)

Updates from NNPDF
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Updates from NNPDF

NNPDF4.0 – in progress
• Inclusion of many Run II data
• New process included: single top,  V+j, isolated photon, DIS jets
• Inclusion of missing higher order uncertainties in the fit 

• Charm content of the proton fitted and 
stability with respect to mc

• Consistent combination of LUXqed and 
NNPDF formalism to include photon PDF



• Lots of new data in the pipeline for inclusion in 
new PDF sets

• Benchmarking exercise to assess impact of 
inclusion of Run I  data on different PDF sets

• Assessing implications of Run I and Run II 
precision data will prepare us for challenges 
associated with HL-LHC

• Ignoring theory uncertainties (missing higher
orders being dominant ones) will no longer be 
an option

• Inclusion of EW corrections and photon-induced 
contributions also necessary

• Closure test and statistical estimators for robust 
methodology

Time to work towards a new combination based on 
Run I data (PDF4LHC19 ?)
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Kahlek et al, arXiv:1810.03639 

https://indico.cern.ch/event/761343/timetable/

Summary and conclusions



James Stirling’s legacy on PDFs 
(and much more)


