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Outline

The NNPDF4.0 global PDF analysis

Strong coupling determination from NNPDF3.1

 Preliminary results based on NNPDF4.0

 The SimuNET strategy
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NNPDF4.0

arXiv:2109.02653



NNPDF4.0

4Juan Rojo                                                                                                       QCD and Hadronic Interactions, Moriond QCD 2021

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

The NNPDF4.0 dataset
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From NNPDF1.0 to NNPDF4.0

# of different datasets (typically, different 
process) is a better measure of PDF 

constraining power than # points



Improved fitting methodology
 Stochastic Gradient Descent via TensorFlow for NN training

 Automated model hyperparameter optimisation: NN architecture, minimiser, learning rates …

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

evolution basis
flavor basis

PDFs should be 
independent of 

parametrisation 
basis!



Improved fitting methodology
 Stochastic Gradient Descent via TensorFlow for NN training

 Automated model hyperparameter optimisation: NN architecture, minimiser, learning rates …

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

ML model 
hyperparams

Loss (``average’’) Loss (``max’’)

Stability wrt hyperopt loss function



Improved fitting methodology

 Illustrating the outcome of SGD minimisation (band: standard deviation over the MC replicas)



Future testsClosure tests

Closure and future tests

Generate toy data based on some known 
PDF, check a posteriori that the true 

underlying law is reproduced within errors

true central valuemean NN prediction

PDF uncertainty

generate many toys

data index

Fit data restricted to specific kinematic regions, 
then verify succesful extrapolation

Validates 
Interpolation χ2 χ2 χ2



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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xT3(x, Q0) ∝ NNT3
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xT3(x, Q0) ∝ (NNu(x) + NNū(x) − NNd(x) − NNd̄(x))

evolution basis PDF parametrisation:

flavour basis PDF parametrisation:



Positivity and integrability
MSbar PDFs have been shown to satisfy 
positivity requirements at all orders: 
reduce large-x uncertainties

The non-singlet quark triplet and octet 
should be integrable (e.g. Gottfried sum 
rule): reduce small-x uncertainties

T8 = (u + ū) + (d + d̄) − 2 (s + s̄)
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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



Comparison with NNPDF3.1

 Good agreement with NNPDF3.1 within uncertainties, with NNPDF4.0 being more precise

Differences can be traced back to the impact of specific datasets (e.g. dijets for large-x gluon) or 
improvements in theory calculations (e.g. NNLO corrections in dimuon DIS for strangeness)



Comparison with NNPDF3.1

Reduction of uncertainties 
in PDF luminosities by up 

to factor 3
!
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Alphas from NNPDF3.1

arXiv:1802.03398



Correlated Monte Carlo replicas

PDF parameter

Most used method to extract alphas from global PDF fit is repeating analysis for a range of 
alphas values and then fitting a parabolic curve

Within a Monte Carlo fit such as NNPDF, such parabolic fit misses part of the correlations 
between PDF parameters, since the underlying data is unchanged

Solution is to generate correlated Monte Carlo replicas to fully account for this effect

all correlations between the strong coupling
and the PDF parameters must be accounted for

c-replicas: identical settings except for alphas value



Correlated Monte Carlo replicas

PDF parameterMost used method to extract alphas from global PDF fit is repeating analysis for a range of 
alphas values and then fitting a parabola

However, this may miss the correlations between PDF parameters, since the underlying 
data is unchanged

Problematic in Monte Carlo fit

Generate correlated replicas 

Distribution of 400 correlated replicas fitted to the NNPDF3.1 dataset



Impact of correlated Monte Carlo replicas

 Within a Monte Carlo determination, neglecting correlations between replicas 
underestimates the PDF uncertainty on the strong coupling by up to a factor 2



Process sensitivity
Estimate pull from different process by comparing 
alphas fits from the partial chi2s for specific datasets

Important caveats when (mis)interpreting these 
results as the ``preferred alphas  value’’ from a 

specific process type

 2001.04986 [hep-ph]

https://arxiv.org/abs/2001.04986


NNPDF3.1-based results

Precision limited by MHOU, here estimated as half the (NNLO-NLO) shift

Good agreement with PDG average and previous NNPDF determinations
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Alphas from NNPDF4.0

work in progress, preliminary results!
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Settings
2 batches of correlated replicas, 200 replicas for each alphas value

Scan the region between alphas=0.114 to alphas=0.122

Denser coverage near the expected (PDG) minimum

This talk: results from parabolic fits, results based on correlated replicas WIP

gluon PDF is (anti-) 
correlated to alphas at 

large (small) x 
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Settings
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Results
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NNPDF4.0, parabolic fit

NNPDF3.1
correlated replicas

Good consistency with previous determination

limiting factor?



Results

αS(mZ) = 0.1196 ± 0.0007pdf ± (?)meth ± (?)mhou
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 Note that this is the alphas value extracted from the partial chi2 contribution from top 
quark data in the global fit, this is not the value of the strong coupling preferred by top data

Consistency with global fit results
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SimuNET

arXiv:2201.07240
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arXiv:2201.07240

The SimuNET approach

 Extend the NNPDF4.0 architecture with an extra convolutional layer that depends 
on SM (or BSM) parameters, e.g. alphas, mc , or EFT Wilson coefficients

Simultaneous minimisation of the figure of merit wrt to PDF and SM/BSM parameters

QCD Kernel

PDF lumi at Q0
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The SimuNET approach

 Linear expansion of the QCD kernels in the strong coupling

Alternatively, element-wise interpolation in alphas of the FK table elements

Work in progress, stay tuned!

c = αs(mZ) c* = 0.118
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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

 It is hence suitable to be deployed for the simultaneous determination of PDFs and 
(B)SM parameters, such as the strong coupling constant

 Several complementary techniques under consideration: parabolic fits, correlated replicas, 
the SimuNet approach, ….

 Limiting factor in alphas extractions from global fits is robust estimate of MHOU, which 
requires estimating also the MHOUs associated to the PDFs

Summary and outlook

Stay tuned!
Theory Covariance 
Matrix approach, 

NNPDF 19
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Extra Material
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Comparison between global fits
reasonable agreement with CT18, and MSHT20, different pattern of PDF uncertainties 

different 
large-x gluon 

quark flavour separation
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Comparison between global fits
different pattern of PDF uncertainties …
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δPDF(CT) ≳ δPDF(MSHT) ≳ δPDF(NNPDF)

T8 integ 



impact assessed but 
excluded from baseline

Comparison between global fits
δPDF(CT) ≳ δPDF(MSHT) ≳ δPDF(NNPDF)… follows pattern of input datasets

in baseline dataset
not considered


