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The path to proton structure at 1% accuracy 



Why we need better PDFs?
PDF uncertainties: limiting factor in theoretical interpretation for many LHC analysis
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How precisely can we chart the 
proton structure?

What is the ultimate proton PDF 
accuracy limit?
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 NNPDF3.1, CT18, MSHT20 based on 
comparable datasets: suitable for a new 
PDF4LHC(21) combination. Goal: a 
conservative PDF uncertainty estimate

 NNPDF4.0 based on broader dataset + 
improved theory constraints and fitting 
methodology: suitable for high-precision 
calculations and related pheno studies 

Recent progress in global fits
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to be submitted to LHAPDF this week
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The full NNPDF machine learning fitting framework has been publicly released 
open source, together with extensive documentation and user-friendly examples

A ML open-source QCD fitting framework
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A ML open-source QCD fitting framework

The full NNPDF machine learning fitting framework has been publicly released 
open source, together with extensive documentation and user-friendly examples



NNPDF4.0
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brand new processes: 
dijets, direct photon, DIS 
jets, W+jets. single top,…



Improved fitting methodology in NNPDF4.0

fi(x, Q0) = x−αi(1 − x)βiNNi(x)

evolution basis
flavor basis

 Stochastic Gradient Descent 
(via TensorFlow) for NN training

 Automated model 
hyperparameter optimisation

 Validation with future tests 
(forecasting new datasets) and 
closure tests (pseudo-data 
based on known PDFs)

 Generative Adversarial 
Networks for replica 
compression
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Radically different strategies to parametrize the quark 
PDF flavour combinations lead to identical results: 

ultimate test of parametrisation independence

Parametrisation basis independence

xV(x, Q0) ∝ NNV(x)
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evolution basis PDF parametrisation:

flavour basis PDF parametrisation:
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Impact of new data in NNPDF4.0
Good consistency with NNPDF3.1-like dataset

Juan Rojo                                                                                                    ISMD2021

Moderate reduction of PDF uncertainties, shifts in central values at the one-sigma level

PDF uncertainties in the quark sector constrained by the integrability of T3 and T8 (Gottfried sum rule)
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Impact of new fitting methodology
Compare fits based on the same NNPDF4.0 dataset but either with the previous 3.1 

or the new 4.0 methodology: significant reduction of uncertainties + consistency

PDF uncertainties validated by means of closure tests, future tests, and basis independence tests
Validation tests succesful both with the NNPDF4.0 and NNPDF3.1 methodologies
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High-resolution mapping of proton structure:
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From antimatter asymmetry to intrinsic charm

 Confirmation of strangeness suppression 
factor, consistency with NOMAD constraints

 Coherent pull of global fit dataset on strangeness

 Small-x behaviour constrained by T3 and T8 
integrability
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ū + d̄

 NNPDF4.0 fits the very recent SeaQuest data

 Improved determination of large-x antiquarks 
(relevant for many BSM searches at LHC)

 NNPDF3.1 and NNPDF4.0(no SeaQuest) already 
agree with SeaQuest data within errors
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NNPDF3.0 vs 4.0

 Increased evidence for non-perturbative charm component within the proton, robust 
upon conversion to the 3FNS via backwards evolution and matching conditions

 Bulk of constraints provided by precision LHC data, complemented by fixed-target DIS 

 As opposed to previous studies, impact of the EMC charm measurements mild now. 
Information provided by EMC F2c (early 80s!) consistent with latest collider data

From antimatter asymmetry to intrinsic charm
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 Fitting NOMAD had a large impact on the proton 
strangeness in NNPDF3.1, now in NNPDF4.0 the 
no-NOMAD fit is already spot on

 Fitting the HERA DIS jets (300 data points) leads 
to a gluon in perfect agreement with NNPDF4.0 

Consistency checks

Juan Rojo                                                                                                    PANIC2021

 Excellent consistency of global dataset

NNPDF4.0NNPDF3.1NNPDF3.1
NNPDF3.1+NOMAD

impact of HERA DIS jets
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Comparison between global fits
In general good agreement between NNPDF4.0, CT18, and 

MSHT20, though rather different pattern of PDF uncertainties 
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some differences in large-x gluon and quark flavour decomposition 
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LHC phenomenology
extensive comparisons between global PDF fits for 

inclusive and differential LHC cross-sections
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 The global NNPDF4.0 fit achieves high accuracy in an unprecedentedly broad kinematic 
range, thanks so its extensive dataset combined with deep-learning optimisation models

 Its faithfulness in representing PDF uncertainties is completely validated by closure tests, 
future tests, and parametrisation basis independence

 In addition to its implications for LHC precision physics, NNPDF4.0 sheds novel light of 
crucial aspects of proton structure from light antiquark asymmetries to intrinsic charm

 The current level of PDF uncertainties challenge the accuracy of theoretical predictions and 
demand an increased effort towards the systematic inclusion in the fit of theoretical 
uncertainties (nuclear, higher orders, SM parameters, . . . ) and higher-order QCD 
(including N3LO) and EW corrections

Summary and outlook
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Extra Material

Juan Rojo                                                                                                    ISMD2021



From NNPDF3.1 to NNPDF4.0
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The strangest proton?

20

NNPDF3.1_str

NNPDF3.1_prior

NNPDF3.1_base

Reappraisal of the proton strangeness based combination of all relevant experimental inputs

RS(x = 0.023, Q = 1.6 GeV) = 0.71 ± 0.10

 Satisfactory simultaneous description of all datasets

 No evidence for tension between datasets or groups of 
processes

 Sizeable constraints from NOMAD neutrino DIS data, 
consistent with collider data

 Preference for a moderately suppressed strangeness 



LHC dijets to map the gluon PDF

21
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 With NNLO QCD (+ NLO EW) calculations, all 
available dijet cross-sections are successfully 
included in global fit, good agreement with data

Constrains on the gluon qualitatively consistent 
between dijet and inclusive jet observables

Inclusive jets requires introducing tailored 
decorrelation models to achieve good χ2

first use of dijets in PDF fits!

NNPDF3.1

dijet study revisited 
in NNPDF4.0 paper

NNPDF3.1


