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Master projects: common denominators
Embedded in the Nikhef Theory group

Collider phenomenology at the boundary between theory and experiment 

Strong computational and statistical / data analysis component, with focus on ML & AI 

Several recent MSc projects in the group have led to peer-reviewed publications

Focus topics: proton structure with machine learning, searches for New Physics at the LHC and 
beyond using Effective Field Theories, high energy neutrinos at colliders and in the cosmos



QCD bound state of quarks and gluons

 Valence quarks (up and down) give the proton 
its quantum numbers (e.g. electric charge)

Ψ⟩ ≈ uud⟩

Qp = + 1 Qu = + 2/3
Qd = − 1/3

  Sea quarks (antiup, antidown, strange, …) 
arise from quantum fluctuations

  Tightly held together by gluons, can only be 
broken in extremely energetic collisions

The proton as a gateway to unravel QCD
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Use AI methods (neural simulation based inference) to design novel observables with 
optimal sensitivity to proton structure 

Implement the new pipeline in the NNPDF global analysis framework to study open 
questions in QCD, such as the heavy quark content of the proton or the gluon PDF

Assess the implications for Higgs and BSM analyses at the (High-Luminosity) LHC

Project goals:

The proton as a gateway to unravel QCD

Which of the many available  
models of proton structure 

describe best the data, when using 
AI-boosted observables?



5

The Standard Model as an EFT
The Standard Model EFT is defined by: 

Particle (matter) content: quarks and leptons 

Gauge (local) symmetries and their eventual 
breaking mechanisms

Lorentz invariance and other global symmetries

Linearly-realized SU(2)_L EWSB

Validity only up to certain energy scale Λ

All possible operators of mass-dimension 6 
consistent with above requirements

ℒSMEFT = ℒSM +
Nd6
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Powerful, model independent 
framework to identify New Physics
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Develop a new framework to search for New Physics at the LHC based on the EFT approach

Implement the new pipeline in the SMEFiT global analysis framework, matched to general 
models of New Physics, and extended to the latest data constraints from LHC.

Compare the reach of the EFT approach with that of direct searches.

Project goals:

Will EFT identify a New 
Physics signals at the LHC 

or future colliders?

The Standard Model as an EFT


