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• Lecture 1 : Spatial distributions 
 

• Lecture 2 : Parton distributions 
 

• Lecture 3 : Wigner distributions 
 

• Tutorial 
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Adding momentum to the picture 

Echography 

w/ Doppler w/o Doppler 

2D 2+1D 

Fluxes provide key complementary information to spatial structure 

 



Parton distribution functions (PDFs) 

Deep inelastic scattering (DIS) 

Perturbative QCD evolution 
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Momentum fraction carried by parton 
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Generalized PDFs 

Deeply virtual Compton scattering (DVCS) 

interferes with 

Bethe-Heitler 

Correlator (in              gauge) 

Momentum transfer 
variables 



Generalized PDFs 

Link with other non-perturbative functions 

PDF Electromagnetic 

form factors 

2+1D imaging (in              gauge) 
Partonic picture 

in IMF 



Generalized PDFs 

Link with gravitational form factors 



Generalized PDFs 

Poincaré constraints 

[Alexandrou et al., PRD101 (2020) 094513] 

Angular momentum 



Transverse-momentum dependent PDFs 

Quark Wigner operator (contour gauge) 

Nucleon Wigner 
distribution 

Unintegrated distributions 

Charge current 
operator 



Transverse-momentum dependent PDFs 

TMDs 

Final-state 

cut 
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Semi-inclusive DIS 



Transverse-momentum dependent PDFs 

Gauge symmetry 

System  « Factorized » system 

Local Non-local 

Wilson line 

Eikonal quark 

PDFs, GPDs, … 



Transverse-momentum dependent PDFs 

FSI ISI 

Changes sign 
under ISI ↔ FSI 
(naive T-odd) 

SIDIS 

Process dependence 

Drell-Yan 

Quark polarization 
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Transverse-momentum dependent PDFs 

Clear SIDIS experimental signal 

Courtesy of A. Bacchetta 

[Adolph et al., PLB770 (2017) 138] 

Transversely 
polarized proton 



Rich spin structure ! 

TMDs GPDs 

Quark polarization 
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Spin-spin 

Spin-orbit 

2+1D imaging 0+3D imaging 



Parton distribution zoo 

TMDs 

FFs PDFs 

Charges 

GPDs 

Form factors 

see next episode ! 

Non-trivial 
relations ? 
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