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PDF precision 

2

● Many 2 → 1 processes available at N3 LO QCD  

● PDF+𝛼𝑆 uncertainties bottleneck for LHC precision

● Nontrivial differences in PDF sets 
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Eur. Phys. J. C 84 (2024) 842

http://dx.doi.org/10.1140/epjc/s10052-024-13116-7


PDF phenomenology 
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● aN3 LO QCD PDFs become available

● QED effects comparable to aN3 LO QCD corrections

● To constrain gluons: heavy-quark and jet production

N. Laurenti (ICHEP 2024)



Differential tt production
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● PDF sets describe tt data reasonably well

● Clear trend at high y (large x)

JHEP 05 (2024) 321



Global fits with top quark data
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● Improvements when including tt and single t data 

● Differences at high x among global fits persist

2407.00545



Dijet topologies 
[arXiv:2312.166
69]

6● Disentangling regions of different x ➝ PDF fits

2312.16669
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● Predictions for different PDFs in agreement with each other 

● Better description for R = 0.8 than 0.4 anti-k
T
 jets 

2312.16669

2D&3D dijet cross sections
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● gluon PDF uncertainty halved at x > 0.1

● 2D & 3D fits largely compatible

Constraints to large-x gluons 
production

2312.16669
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● Comparable in precision

● In good agreement, also with the world average

Comparison to inclusive jet production
2312.16669
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● Complementary measurement at lower √s

● Studied for NLO & NNLO pQCD, diferent PDFs and μ
R,F

 

● Can be used as an input to future QCD fits

Inclusive jet production at 5.02 TeV
2401.11355



Energy correlators inside jets 
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● EEC sensitive to energy flow (here both charged and neutrals) 

● x
L
 distribution sensitive to time scale of hadron formation

● E3C/E2C ~ 𝛼𝑆 (𝑄) ln x
L
 + 𝑂(𝛼𝑆

2) with no PDF dependence
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PRL 133 (2024) 071903



Energy correlators inside jets 
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● Extracted 𝛼𝑆  
at NLO + NNLL

approx 
(large x

L
 region) 

● The most precise 𝛼𝑆  measurement from jet substructure 

● ∆(E3C/E2C)/∆ log x
L
 ~ 𝛼𝑆 (𝑄) → running of 𝛼𝑆
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The “cold QCD” landscape
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● Mostly terra incognita

● Hadron properties the result of the confined q/g

● A novel regime of QCD may exist: gluons saturate?

arXiv: 1708.01527

https://arxiv.org/abs/1708.01527
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Gluon factories

● We see a milder energy dependence than predicted   

○ gluon saturation? if so, independent of particle species

● Accessible Qs values at EIC thanks to ion species and energies 

  Explore LHC with more particles; EIC can probe a new state of matter

LHC EIC

arXiv: 2303.16984
arXiv: 2103.05419

https://arxiv.org/abs/2303.16984
https://arxiv.org/abs/2103.05419


nPDFs: long way to go
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● LHC data gave an increase in kinematic coverage 

● The modification of gluons not well understood (especially at high x)

○ available data sets limited

arXiv: 2203.13923
JHEP 09 (2020) 183

Nuclear effects

Can we do better?

https://arxiv.org/abs/2203.13923
https://doi.org/10.1007/JHEP09%282020%29183


Tools for precise nPDF extraction
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PLB 800 (2020) 135048

● LHC data reduced the gluon nPDF uncertainty 

● The large-x (> 0.1) region is not affected though 

○ only dijets and top quarks probe this x region

assuming free nucleons

LHC data unique chance to pin down nPDF uncertainties

http://dx.doi.org/10.1016/j.physletb.2019.135048
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-16-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIN-17-002/index.html


Tools for “inaccessible” nPDFs
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PRL 119 (2017) 242001 (editor’s suggestion)
PRL 73 (1994) 225 (PRL Retrospective)

● Top quark observed at Tevatron

○ further studied in pp collisions at LHC

● Established a top quark program in the nuclear environment 

○ going from baseline (“reference” pp) →  pPb → PbPb data

Tevatron LHC (pPb)

Top quarks can constrain gluons in so far inaccessible regions 

https://doi.org/10.1103/PhysRevLett.119.242001
https://doi.org/10.1103/PhysRevLett.73.225


Heavy flavor data 
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● A series of HF (quarkonia and open HF) data included in nPDFs



Impact on low-x gluons
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● Clear impact of HF data on top of the EW production 

● Similar shapes, but reduced uncertainties in nCTEQ15HQ 



Outlook 
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● The interpretation of LHC measurements depends on the 

the PDF+𝛼𝑆 accuracy and precision

○ wrong PDFs can in principle mimic EFT corrections

● PDF coverage and precision is increasing, uncert. reduce   

○ agreement among sets not always as good though

● Bound gluon PDFs poorly known 

○ EW and HF data provided constraints

○ integration of quarkonium photoproduction into a 

framework ongoing (cf backup)



Questions?
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J. Roho
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C. Flett (ICHEP 2024)
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M. Klasen (DIS 2024)
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