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Hyperparameter optimization of neural networks for
proton structure analyses
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Thequantum-chromodynamic substructure of hadrons at the smallest scales relies critically on the accurate in-
terpretation of abundant experimental data generated by large-scale infrastructures such as the Large Hadron
Collider. Comparing a multitude of measured cross sections with the latest higher-order theory predictions,
we probe the validity of the standard model of particles with unparalleled precision. This relies upon a thor-
ough understanding of the quantum-chromodynamic substructure of hadrons, encoded by their parton dis-
tribution functions (PDFs). Given that PDFs cannot be computed from first-principles, , we need to directly
constrain them from observations.
In the NNPDF approach, this constraint procedure leverages neural networks to produce an accurate and re-
liable fit of proton PDFs. One of the primary challenges is choosing the optimal network architecture that
achieves a good accuracy and generalizability to unseen data in the same kinematic region. In this context, we
introduce a sophisticated strategy for hyperparameter optimization, which is based on novel metrics that take
into account the entire distribution of a Monte Carlo ensemble of fitted PDFs. This procedure becomes feasible
by training thousands of neural networks in parallel using GPUs. We compare various hyper-optimization
loss functions and explore their impact on the determination of the proton PDFs and the estimated fit uncer-
tainty. Our approach also holds relevance for similar applications of supervised scientific machine learning,
where the robust identification of hyperparameters poses similar challenges.

Primary author: VAN DEN OORD, Gijs (Netherlands eScience Center)

Co-authors: Dr JANSEN, Aron (Netherlands eScience Center); Dr ROCHA, Carlos (Netherlands eScience
Center); Dr CRUZ-MARTINEZ, Juan (cern); ROJO, Juan; Dr STEGEMAN, Roy (University of Edinburgh); Dr
RABEMANANJARA, Tanjona (nikhef)

Presenter: Dr RABEMANANJARA, Tanjona (nikhef)

Session Classification: 3.3 Hardware acceleration, FPGAs & Uncertainty quantification


