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Mechanical properties



Let us recap

Momentum

Pressure

Total angular momentum

Intrinsic angular momentum

?



Rest frame energy (or mass) distribution

Multipole model for the 

gravitational form factors

Energy (or mass) radius

Charge radius

Energy

[Polyakov, PLB555 (2003) 57]
[Polyakov, Schweitzer, IJMPA33 (2018) 26, 1830025]

[C.L., Moutarde, Trawinski, EPJC79 (2019) 1, 89]



Rest frame pressure distributions

Pressure anisotropyIsotropic pressure

[Polyakov, PLB555 (2003) 57]
[Polyakov, Schweitzer, IJMPA33 (2018) 26, 1830025]

[C.L., Moutarde, Trawinski, EPJC79 (2019) 1, 89]



Some figures

Atmosphere at sea level

Center of sun

Center of neutron star

Atomic nucleus

Center of nucleon

PhD student

(one month before graduation)

Density (kg/m3) Pressure (Pa or N/m2)



Mechanical equilibrium

von Laue relation

Surface tension

Attractive

Repulsive

[Bakker, Kapillarität und Oberflächenspannung (1928)]
[Kirkwood, Buff, JCP17 (1949) 338]

[Marchand, Weijs, Snoeijer, Andreotti, AJP79 (2011) 999]

[Laue, AP340 (1911) 8, 524]

Young-Laplace equation

Radial pressure-

gradient force 

density 

Capillary 

force density

Tension

Compression



First experimental extractions

[Burkert, Elouadrhiri, Girod, Nature557 (2018) 7705, 396]
[Kumericki, Nature570 (2019) 7759, E1]

[Dutrieux, C.L., Moutarde, Sznajder, Trawinski, EPJC81 (2021) 4, 300]

Contribution from          still missing !
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D-term and stability

Equilibrium Stability

[Polyakov, Weiss, PRD60 (1999) 114017]
[Goeke et al., PRD75 (2007) 094021]

[Perevalova, Polyakov, Schweitzer, PRD94 (2016) 5, 054024]
[Polyakov, Schweitzer, IJMPA33 (2018) 26, 1830025]

[Varma, Schweitzer, PRD102 (2020) 1, 014047]

[Laue, AP340 (1911) 8, 524]

Druck = 

« pressure »



D-term and stability

[Hägler et al., PRD77 (2008) 094502]
[Shanahan, Detmold, PRD99 (2019) 4, 014511]

[Shanahan, Detmold, PRL122 (2019) 072003]

This conjecture is supported by both Lattice QCD and experiments

[Duran et al., Nature615 (2023) 7954, 813]
[Meziani, PoS SPIN2023 (2024) 168]

… but does not apply to long-range forces, 

like Coulomb forces
[Varma, Schweitzer, PRD102 (2020) 1, 014047]

[Ji, Yang, NPB1024 (2026) 117342]
[Meija, Schweitzer, PRD113 (2026) 11, 116008



Validity of the mechanical interpretation

Particle picture

Fields are the fundamental 

degrees of freedom

• Continuum mechanics description 

valid only at « macroscopic » level

• No « pressure », just momentum flow

 

[Polyakov, PLB555 (2003) 57]
[Polyakov, Schweitzer, IJMPA33 (2018) 26, 1830025]

[C.L., Schweitzer, APPB56 (2025) 3, 3A-17]
[C.L., Freese, in preparation (2026)]

[Ji, Liu, PRD106 (2022) 3, 034028]
[Ji, Yang, R9 (2026) 1155]

[Ji, Yang, NPB1024 (2026) 117342]

• Continuum mechanics concepts 

apply as is at microscopic level

• Particles emerge as quantized 

field excitations

Field picture

Point particles are fundamental 

and interact via fields



Frame dependence (longitudinal polarization)

[Won, C.L., PRD111 (2025) 9, 09421]
[Won, C.L., PRD106 (2022) 1, 014012]

Energy 

distribution

2D isotropic 

pressure 

distribution

2D pressure 

anisotropy 

distribution



Key players in the near future

Electron-Ion Collider (~2035)
Brookhaven, Long Island

>1500 members from 290 institutions in 40 countries

[Abdul Khalek et al., NPA1026 (2022) 122447]

but also JLab 20+ GeV, EicC, … [Anderle et al., FP16 (2021) 6, 64701]
[Accardi et al., EPJA 60 (2024) 9, 173]



Some reviews

… and references therein !

GPDs [Diehl, PR388 (2003) 41]
[Belitsky, Radyushkin, PR418 (2005) 1]

[Kumericki, Liuti, Moutarde, EPJA52 (2016) 6, 157]

EMT & GFFs [Polyakov, Schweitzer, IJMPA33 (2018) 26, 1830025]
[Burkert et al., RMP95 (2023) 4, 041002]

Spin 

decomposition

[Leader, C.L., PR541 (2014) 3, 163]
[Wakamatsu, IJMPA29 (2014) 1430012]

[Liu, C.L., EPJA52 (2016) 6, 379]
[Ji, Yuan, Zhao, NRP3 (2021) 1, 27]

Mass 

decomposition

[Ji, FP16 (2021) 6, 64601]
[C.L., Metz, Pasquini, Rodini, JHEP11 (2021) 121]

Hadron structure [C.L., Metz, Pasquini, Schweiter, 2507.12664]
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