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 Lecture 1 : Spatial distributions
 Lecture 2 : Parton distributions
 Lecture 3 : Wigner distributions
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Nucleon structure

Non-relativistic picture

dominated by constituents
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Spatial structure

3D structure is fundamental to understand physical properties

i.e. thermal, electrical, mechanical, ...
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Spatial distributions - Principles

Example: X-ray diffraction

Diffraction pattern

Incident X-rays Diffracted X-rays
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Spatial distributions - Principles

Crystals, atoms d~107%m = hw=a10%eV =) X-rays

; —1n—15 19 High-energy
Nuclei, nucleons d=10""m = hw=10"eV — electron beams

A Large recoil for light nuclei!

Relativistic treatment
in Born approximation
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Nucleon electromagnetic form factors

Proton Neutron
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Spatial distributions - Formalism

Expectation value
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Spatial distributions - Formalism

Phase-space approach
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Spatial distributions - Formalism

Internal distribution (for a state localized in phase-space)
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Nucleon charge distributions (3D Breit frame)

Proton Nuclei
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Nucleon charge distributions (2D elastic frame)
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Nucleon charge distributions (3D Breit frame)

Neutron
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Nucleon charge distributions (2D elastic frame)

PEL el fm?] = [ dry( 5(01.m)

0.2¢ P, [GeV]
___________ L 0
0.1~ ~ - —->». 0.5
B 10b [fm] —__0.75
B Y
y -0.2; _ 2:
L»wz —0.3, Longitudinal polarizati -4
/ ongikudinal poilarization L 10.
—0.47 T
by el fm?] PEY [e/fm2]
Contribution from
0.20=3 rest-frame charge 0.8 7 ob Lfm]
015 distribution 0.1 ) )
-0.2—, ibuti
0.10 ~ Ge(Q?) _03."" et frams, ';::)::;?zltfs:mm
0.05 —0.4 distribution
-0.5 2
P L] 0.6, G (Q7)




Energy-momentum tensor

Energy
density
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Energy distribution (3D Breit frame)

Multipole model for the
gravitational form factors
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Pressure distributions (3D Breit frame)
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Mechanical equilibrium

VAT 7)55(F) =0 i

von Laue relation

/ drr?p(r) =0
0

45 p(r) [GeV/fm]

0.15 |
0.10 |
- Repulsive
0.05
0.00 |
~0.05 Attractive
0 1 2

r [fm]

Surface tension

’y—/d’rs(fr)
Vv

L g__’o;-.—?

N\ *Z ‘
u F—ﬂ ——3 Attractive

rR
] 1 \ — => Repulsive




Angular momentum distributions

Orbital vs intrinsic Kinetic vs Belinfante
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How to access gravitational form factors ?

Graviton exchange

Waaaaaayyy too weak in practice

= see next episode !
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