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Introduction/Motivation
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LHC as a SM precision machine. PDFs are becoming  more and more a limiting factor… 

ATLAS, arXiv: 2309.12986 CMS,  arXiv: 2408.07622



Groups/Collaborations active on “Global” 
PDFs analyses
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Many groups active since the mid 80’s in the DGLAP analyses. The “modern era” of PDF fitting started

at the beginning of the 90s (CTEQ1, MRS).



LHC/HL-LHC Plan
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NNPDF4.0
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Kinematic regions and observables:

arXiv: 2109.02653



NNPDF4.0
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Kinematic regions and observables:



NNPDF4.0
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Kinematic regions and observables:

Single top

Prompt 𝛾

Inclusive jet, dijet

t-tbar production 

DY: Z pT

W+c, W/Z +jet

DY: W,Z (rapidity,asymmetries)



LHC:        SM Production cross sections
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LHC: Inclusive jet production
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arXiv:2111.10431



LHC:  di-jet production
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arXiv:2312.16669



NNPDF4.0
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Impact of LHC data:



NNPDF timeline: from NNPDF4.0 … 
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Courtesy T. Giani
(PDF4LHC25)



MSTH20  aN3LO
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Note the strong change on

the gluon at low-x  (and also 

on charm)

arXiv:2207.04739 



MSHT20 and NNPDF4.0 @ aN3LO
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arXiv: 2411.05373

aN3LO N2LO aN3LO N2LO

charm

gluon



MSHT20 and NNPDF4.0 @ aN3LO (combined!)
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arXiv: 2411.05373



CT25 (Preview)
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arXiv:2512.19779 



DGLAP Fits challenges
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Highly non-trivial inversion problem: 

- LHC datasets increasingly systematics dominated. Many nuisance parameters!

- “Tensions” among datasets

- Proper treatment of uncertainty correlations (not always precisely known)

- Quantifications of theoretical uncertainties

- Parametrizations and model assumptions

- Closer tests

Clear understanding and/treatment of uncertainties and comparison of methodologies essential

.

Differences between the PDF sets persist…



Final Remarks
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Impressive progress in the last few years:  

precise/high-energy LHC data matched by 

state-of-the-art theoretical predictions 

(aN3LO + QED +EW)

Large  impact of LHC data on new generations of PDFs

Combination of CMS,  ATLAS and LHCb measurements

may increase the potential of the LHC (Run 1,2 and 3) 

Data even further (if fully pursued).

It is an easy guess that these trends will continue in

the years to come…
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