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Why we need better PDFs?

PDF uncertainties: limiting factor in theoretical interpretation for many LHC analysis

Gluon-Fusion Higgs production, LHC 13 TeV
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The road towards NNPDF4.0

Collaborative progress towards extending data, theory and methodology
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NNPDF3.1 [
NNPDF3.1sx: PDFs with small-x resummation [
NNPDF3.11luxQED: consistent photon PDF a la luxQED [
NNPDF3.14+ATLASphoton: inclusion of direct photon data [
NNPDF3.1alphas: as from a correlated-replica method [
NNPDF3.1nuc: heavy ion nuclear uncertainties in a fit [
NNPDF3.1th: missing higher-order uncertainties in a fit [
Gradient descent and hyperoptimisation in PDF fits
NNPDF3.1singletop: inclusion of single top t-channel data
NNPDF3.1dijets: comparative study of single- and di-jets
Positivity of MS PDFs

PineAPPL: fast evaluation of EW X QCD corrections

L T e F Sy T —

NNPDF3.1strangeness: assessment of strange-sensitive data [
NNPDF3.1deu: deuteron uncertainties in a fit [

Future tests [

NNPDF4.0 [

More details in the NNPDF talks at the PDF4LHC meeting 03/21
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The strangest proton?

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

Process Dataset Ndat X aso Xf,r XZx 12

vDIS (pp) 76/76/95/91/95 0.76 0.71 0.53
NuTeV [9] 76/76/76/76/76 0.76 0.71 0.53 10
NOMAD [10] —/—/19/15/19 9.3] [8.8] 0.55 g

W, Z (incl.) 391/418/418/418/418 1.45 140 1.40 ‘;(‘ 8
ATLAS [12] 34/61/61/61/61 1.96 1.65 1.67 ~—

W+tce —/37/37/37/37 [0.73] 0.68 0.60 Sy 6
CMS [17,18] —/15/15/15/15 [1.04] 0.98 0.96 & 4
ATLAS [16] —/22/22/22/22 [0.52] 0.48 0.42

W+jets ATLAS [15] —/32/32/32/32 [1.58] 1.18 1.18 2

Total 3981/4077/4096/4092/4096  1.18 1.17 1.17
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[ Satisfactory simultaneous description of all datasets

M No evidence for tension between datasets or groups of

processes

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

[ Preference for a moderately suppressed strangeness

R¢(x =0.023, 0 =1.6 GeV) =0.71 £0.10



LHC dijets to map the gluon PDF

1.20 = no jets - ™ With NNLO QCD (+ NLO EW) calculations, all
~ 115kF inclusive jets _ available dijet cross-sections are successfully
O —-— dijets included in global fit, good agreement with data

1.10F 4 .
O P \ first use of dijets in PDF fits!
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S 105 = v
— /,/‘/ \ [ Constrains on the gluon qualitatively consistent
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X
Experiment Measurement Vs [TeV] L[~ R Distribution Ndat
ATLAS Inclusive jets 7 4.5 0.6 d?c /dprd|y| 140
CMS Inclusive jets 7 4.5 0.7 d?c /dprd|y| 133
ATLAS Inclusive jets 8 20.2 0.6 d?c /dprd|y| 171
CMS Inclusive jets 8 19.7 0.7 d?c /dpTd|y| 185
ATLAS Dijets 7 4.5 0.6 d?c/dm;;d|y*| 90
CMS Dijets 7 4.5 0.7  d%c/dm;;d|ymax| 54
CMS Dijets 8 19.7 0.7  d30/dpr avedypdy* 122




Quark flavour separation in nuclei from LHC data

M nNNPDF2.0: global determination of nuclear PDFs
from heavy nuclear DIS (NC+CC) and LHC data

M Consistent fitting methodology with proton fits,
NNPDF3.1 (and uncertainties) reproduced for A=1

4 Strong evidence for quark shadowing at small-x

208Pb |

Q% = 100 GeV?

with NNNPDF2.0: consistent inclusion of nuclear effects from neutrino DIS data in NNPDF4.0
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NNPDF4.0: data set extension

Kinematic coverage
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O(50) data sets investigated; (0(400) data points more in NNPDF4.0 than in NNPDF3.1



Improved fitting methodology

x In
N * M Stochastic Gradient Descent

(via TensorFlow) for NN training

tanh n®=30 [ Automated model

hyperparameter optimisation

n® =30
M Validation with future tests

(forecasting new datasets) and

sigmoid
closure tests (pseudo-data

based on known PDFs)
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M Generative Adversarial
Networks for replica
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(e Q) Z(,0) V00 xViQp) Vyx, Q) T30 xTyx,Qp) Tis(x,Q0) evolution basis
(xg(x, Q) xu(x, Q)  xa(x,Qp)  xd(x,Q) xd(x,Q) xs(x, Q) x5(x,Q) xc*(x,Qp) ) flavor basis

fi(x, Qy) = x7%(1 — x)’NN,(x)
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Parametrisation basis independence

1.2 - —— PDF fit in evolution basis - 0.4 —— PDF fit in evolution basis —
PDF fit in flavour basis PDF fit in flavour basis

10°

evolution basis PDF parametrisation:

xV(x, Qy) o« NN(x)

xT5(x, Q) NNT3(x) ultimate test of parametrisation independence

Radically different strategies to parametrize the quark
PDF flavour combinations lead to identical results:

flavour basis PDF parametrisation:

xV(x, Qy) & (NN, (x) — NN (x) + NN (x) — NNz(x) + NN (x) — NN;(x))
xT(x, Qp) o (NN,,(x) + NN;(x) — NN (x) — NN;(x))
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Impact of new data

Partonic luminosities from fits based on the same NNPDF4.0 methodology but either with the
previous 3.1 or the new 4.0 dataset: good consistency, with 4.0 more precise
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Impact of new fitting methodology

Partonic luminosities from fits based on the same NNPDF4.0 dataset but either with the previous
3.1 or the new 4.0 methodology: perfect consistency, with 4.0 markedly more accurate
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One-percent PDF uncertainties in LHC cross-sections for wide kinematic range
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Differential top-pair production cross section at 14 TeV Differential Higgs (Wlth W-) cross section at 14 TeV
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From antimatter asymmetry to intrinsic charm
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High-precision mapping of proton structure:

[ Confirmation of strangeness suppression factor,
full consistency with NOMAD constraints

M Excellent agreement with SeaQuest
“measurements” of proton antimatter asymmetry

M Increasing evidence for a charm component in
proton wave function



Summary and outlook

¢ The global NNPDF4.0 fit achieves 1% 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
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NINPDF

Search docs

N

Getting started
Fitting code: n3fit
Code for data: validphys

Handling experimental data:
Buildmaster

Storage of data and theory predictions

Theory

Continuous integration and deployment
Servers

External codes

Tutorials

Adding to the Documentation

Summary and outlook

A » NNPDF documentation

NNPDF documentation

View page so

e The NNPDF collaboration is an organisation performing research in high-energy physics to determine the structure of the proton by

producing parton distribution functions (PDFs).

e This documentation is for the NNPDF code, which allows the user to perform PDF fits and analyse the output.
o If you are a new user head along to Getting started and check out the Tutorials.

Contents -

o Getting started

o Essential first steps
o Necessary for developers

e Fitting code: n3fit
o n3fit design

e Code for data: validphys

The NNPDF machine learning fitting framework will be publicly released

open source, together with extensive documentation and user-friendly

Juan Rojo

examples, at same time as upcoming paper!
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