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• Lecture 1 : Spatial distributions 
 

• Lecture 2 : Parton distributions 
 

• Lecture 3 : Wigner distributions 
 

• Tutorial 
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Spatial structure  

3D structure is fundamental to understand physical properties 

 i.e. thermal, electrical, mechanical, … 



Spatial distributions - Principles 

Scattered amplitude 

Diffraction pattern 

Crystal 
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Example:  X-ray diffraction 

Constructive interference 
(Bragg’s law) 



Spatial distributions - Principles 

Crystals, atoms 

Nuclei, nucleons 

X-rays 
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Large recoil for light nuclei! 
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Nucleon electromagnetic form factors 

[Alexandrou et al., PRD100 (2019) 014509] 

Lattice QCD Lattice QCD 

Proton Neutron 



Spatial distributions - Formalism 
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Spatial distributions - Formalism 

Phase-space approach 

 

Nucleon Wigner 
distribution 

Quasi-probabilistic interpretation 

 



Infinite-momentum  

Frame (IMF) 

Spatial distributions - Formalism 

Internal distribution (for a state localized in phase-space) 

 

NB: 

Elastic frames                              (no energy transfer           same initial and final boost factor) 

 

Breit (or brick-wall or rest) 

frame 



Nucleon charge distributions (3D Breit frame) 

Proton Nuclei 



Nucleon charge distributions (2D elastic frame) 
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Nucleon charge distributions (3D Breit frame) 
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Longitudinal polarization 
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Energy-momentum tensor 

Instead of charge current, we can look at four-momentum current 
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Energy distribution (3D Breit frame) 

Multipole model for the 
gravitational form factors 



Pressure distributions (3D Breit frame) 

Isotropic pressure Pressure anisotropy 



Mechanical equilibrium 

von Laue relation Surface tension 
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Repulsive 



Angular momentum distributions 

Orbital vs intrinsic Kinetic vs Belinfante 

Large-Nc bag model 



How to access gravitational form factors ? 

Graviton exchange 

Waaaaaayyy too weak in practice 

see next episode ! 
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