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A three-dimensional imaging of the proton with Neural Networks
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The non-perturbative dynamics that determine the energy distribution of quarks and gluons
inside protons, the so-called parton distribution functions (PDFs) [1], cannot be computed from first
principles from Quantum Chromodynamics (QCD), and need to be determined from experimental
data. Unpolarized PDFs are an essential ingredient for the physics program at the Large Hadron
Collider (LHC), from Higgs characterization to searches for New Physics beyond the Standard
Model. Recent progress from the theory and experimental points of view has provided a rather
compelling picture of these PDFs in the unpolarized case.

On the other hand, our understanding of the transverse momentum dependence of PDFs [2, 3]
is in a much less advanced stage, specially from the phenomenological point of view. TMD-PDFs
encode non-perturbative information on hadron structure, including transverse momentum and
polarization degrees of freedom, essential in the context of QCD factorization theorems for multi-
scale, non-inclusive collider observables. In this project, a three-dimensional imaging of the proton
by means of a model-independent determination of TMD-PDFs from a global analysis of hard-
scattering data will be performed. This goal will be achieved by means of the NNPDF fitting
framework [4,5], based on machine learning techniques such as artificial neural networks and genetic
algorithms. The implications for the LHC and for future electron-colliders will also be studied.

1Juan Rojo                                                                                                                     Institute for Subatomic Physics, Utrecht, 27/09/2016

ANN in high-energy physics
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ANNs are routinely exploited in high-energy physics, in most cases as classifiers to separate between 
interesting and more mundane events!
ANNs also provide universal unbiased interpolants to parametrize the non-perturbative dynamics 
that determines the size and shape of the PDFs from experimental data!

!
Traditional approach

NNPDF approach

ANNs eliminate theory bias introduced in PDF fits 
from choice of ad-hoc functional forms!

NNPDF fits used O(400) free parameters, to be 
compared with O(10-20) in traditional PDFs. Results 
stable if O(4000) parameters used!!

Faithful extrapolation: PDF uncertainties blow up in 
regions with scarce experimental data!

!
!
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For more information about this project, please contact Dr. Juan Rojo at j.rojo@vu.nl.
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