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Matter, Gravity and Neutron Stars

1915A. Einstein,born in Ulm, published GR: 

Gravity governs the motion of masses 

and light by curving spacetime. 

1915 Karl Schwarzschild, 

born1873 in Frankfurt am Main, 

found the static point source solution of the theory of GR: BHs !

1916 K.S.ȗ last article: șNeutron StarȚ solution of GR: NS !

SchwarzSchild died in WW I just after publishing thesearticles.. 

SchwarzSchildȗssolutions of GR: black holes& neutron stars

Add EinsteinȖs Gravitational Waves  - we see a whole new Universe!
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Neutron Star, Quark Star, Black hole ?
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Dense Matter, Strange Matter, Quark Matter, Quark Stars?

FAIR: Relativistic collisions of Heavy Ions vs. BNS -NSC
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A. Motornenko

Chiral SU(3)f parity-doublet Polyakov-loop quark-hadron model
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ǒ Chiralð chiral symmetry restoration among parity partners 

and in the quark sector, chiral field is a proxy interaction 
between quarks and hadrons

ǒ SU(3)ð 3-flavor (u, d, s) chiral Lagrangian: respective baryon 

octet interacts through mesonic fields. Realization of -̀˖
model.
P. Papazoglou et al., nucl-th/9706024

ǒ parity-doubletð parity doubling among the baryon octet
C. E. Detar and T. Kunihiro, Phys.Rev. D39 (1989)

T. Hatsuda and M. Prakash, Phys.Lett. B224 (1989)

G. Aarts et al., 1703.09246 and 1812.07393

ǒ quark-hadronð realization of the deconfinement, PNJL-like
K. Fukushima, hep-ph/0310121

C. Ratti, M.A. Thaler, W. Weise, hep-ph/0506234

J. Steinheimer, S. Schramm, H. Stoecker, 1009.5239

A single framework for QCD thermodynamics, simultaneously satisfies 

constraints from lattice QCD and known nuclear matter properties, as 

well as neutron star observations.



based on 1905.00866, A. Motornenko

QCD phenomenology for the EoS
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Hadron Resonance Gas

Parity doubling G. Aarts et al., 1710.08294 Nuclear matter properties
J. Pochodzalla et al., Phys.Rev.Lett. 75 (1995) 

V. Vovchenko et al., 1506.05763

Stefan-Boltzmann limit T=0
A. Kurkela, P. Romatschke,

A. Vuorinen,  0912.1856

Stefan-Boltzmann limit ˃ B=0  HotQCD, 1407.6387

Vovchenko,

Gorenstein,

Stoecker, 

1609.03975

https://arxiv.org/abs/1905.00866

