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Outline

• Pressure and shear forces inside hadrons can be estimated through 
electron scattering experiments

Burkert, Elouadrhiri, Girod, Nature 2018 and 2104.02031

Polyakov and Schweitzer, Int.J.Mod.Phys.A 33 (2018) 26, 1830025

• Much easier to compute from the energy momentum tensor of quarks!
• A chiral model with vector mesons

Drago and Mantovani Sarti, Phys.Rev.C 86 (2012) 015211

• How to go to finite density: Wigner-Seitz approach
• Can we get “saturation”?

• Pressure and shear forces at finite density



What are the EMT form factors?
From Polyakov and Schweitzer 2018

In the Breit frame



The shear tensor can be decomposed into shear force s(r) and pressure p(r)

Conservation of the energy momentum tensor implies

And the equilibrium of internal forces for an isolated nucleon implies



From Polyakov and Schweitzer 2018









Chiral models at finite density







E. K. Heide, S. Rudaz, and P. J. Ellis, Phys. Lett. B293, 259 (1992)



















Flattening of the w.f. at saturation density
without and with vector mesons









Stabilizing effect of the band at large densities





Dependence of the radius on the density
Electric isoscalar and magnetic isovector do not appear at the same order in Nc



Pressure and shear forces
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Evolution of the pressures:
what happens at deconfinement?
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Conclusions and open questions

• A Wigner-Seitz lattice of chiral solitons with vector mesons can be built and it provides a 
model for nuclear matter, although VERY schematic

• Within that model we can obtain an «equation of state»

• The modifications of integrated quantitites as e.g. the electric isoscalar radius are small 
till saturation

• We can observe deconfinement, at the density at which quarks start populating the 
conduction band

• Strong changes in the internal forces, even at moderate densities

• Still open problems:  which is the relation between the internal pressure and the 
thermodynamical pressure? Which is the equivalent of Von Laue condition for a soliton
in a Wigner-Seitz crystal?


	Diapositiva 1: Quark Pressure inside hadrons at finite density
	Diapositiva 2: Outline
	Diapositiva 3: What are the EMT form factors? From Polyakov and Schweitzer 2018
	Diapositiva 4
	Diapositiva 5: From Polyakov and Schweitzer 2018
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21: Flattening of the w.f. at saturation density without and with vector mesons
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26
	Diapositiva 27: Dependence of the radius on the density Electric isoscalar and magnetic isovector do not appear at the same order in Nc
	Diapositiva 28: Pressure and shear forces
	Diapositiva 29: Evolution of the pressures: what happens at deconfinement?
	Diapositiva 30: Conclusions and open questions

