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Equation of State

Relates properties of dense matter to properties of neutron stars.
P oppe:g WRVREY MpRq
Constrained by theory and neutron star observations:

Y Causality & themodynamic stability: 0 ¢2 92 1
Y Direct mass and radius measurementsMtoy A 2Mg, 11km A R A 14km

Y First GW detection from a BNS merger GW170817: ~ A 720

3/19



Equation of State

Relates properties of dense matter to properties of neutron stars.
P oppe:g WRVREY MpRq
Constrained by theory and neutron star observations:

Y Causality & themodynamic stability: 0 ¢2 92 1
Y Direct mass and radius measurementsMtoy A 2Mg, 11km A R A 14km

Y First GW detection from a BNS merger GW170817: ~ A 720

3/19



A Holographic Approach to Dense QCD Matter
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Holographic Veneziano QCD

Holographic bottom-up model for QCD with many parameters that are tuned

to mimic QCD and that are constrained by lattice QCD data.
[Jarvinen, Kiritsis arXiv:1112.1261]

Gluons: Improved holographic QCD (Einstein-dilaton gravity)
3 9
S; NIM® d g R 42F vpq

e @ TrF? sources the 't Hooft coupling in YM theory
[Garsoy, Kiritsis arXiv:0707.1324; Garsoy, Kiritsis, Nitti arXiv:0707.1349]
Quarks: Tachyonic Dirac-Born-Infeld (DBI) action
3 ,a
S Nt NeM2 d®xViop e detrgas P OB B
Fo — 'ma; g,

tachyon @ qq controls chiral symmetry breaking.
[Bigazzi et al. arXiv:0505140; Casero et al. arXiv:0702155]

Wp FapS

Baryons: homogeneous solution of non-Abelian DBI + Cern{Simons action.
[Ishii, Jarvinen, Nijs arXiv:1903.06169]

N. N8 andN;f N8 with Ne{N. Oplq xed

Veneziano limit:
[Jrvinen, Kiritsis arXiv:1112.1261]

More details in talk by Matti Jarvinen on August 5 2:25 PM (Track G)!
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Cold V-QCD Hybrid Equation of State

Y To compute neutron star properties we need EoS at low and high densities.

Y Homogeneous approximation for V-QCD baryons not reliable at low
densities: use results from nuclear theory to model the low density part.

Y Hybrid EoSs: nuclear theory model at low densities + V-QCD model for
dense baryonic and quark matter at large densities.

[CE, Jarvinen, Nijs, van der Schee arXiv:1908.03213; Demircik, CE, Jrvinen arXiv:2112.12157]

6/19



Finite Temperature Extension

\ Temperature dependence is essential when studying BNS-mergers.

Y T-dependence of V-QCD baryons is trivial: con ning background has no
horizon, artefact of largeNc limit.

Y Van der Waals construction to extend cold V-QCD baryons to nitéF .

Y Ideal gas of protons, neutrons and electrons with excluded volume
correction for nucleons.

PexPT ;t iuUgq P PT;t~Ug;  ~i i VoPexPl;t jug P p;ng
Y Add potential term to match with V-QCD at T 0
Pvaw PT;t iuq  pexpl;t juq ppt iug

ppt iug pv gco PT O;t jugq pexpl  O;t juq
[Rischke, Gorenstein, Stoecker, Greiner, Z Phys. C 51, 485 (1991)]

[Vovchenko, Gorenstein, Stoecker, arXiv:1609.03975]

[Vovchenko, Motornenko, Alba, Gorenstein, Satarov, Stoecker, arXiv:1707.09215]
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Hot V-QCD Hybrid Equation of State

Y Low density part: Hemple-Scha ner-Bielich model (HS)DD2 + Particle

Data Group (PDG) mesons. [ Hempel, Scha ner-Bielich arXiv:0911.4073 ;
Zyla et al. (Particle Data Group), PTEP 2020, 083C01 (2020)]

Y (HS)DD2 too sti around ns, replace with APR model.
[Akmal, Pandharipande, Ravenhall arXiv:nucl-th/9804027]

Y Mixed baryon and quark matter phase from Gibbs construction
Xam BT ;0% Y M9 Xom P nP% Y%, Xt p; b el

[Demircik, CE, Jarvinen arXiv:2112.12157]
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[Demircik, CE, Jarvinen arXiv:2112.12157]
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Binary neutron star mergers

Signi cant sources of gravitational radiation.
Microscopic properties of dense matter encoded in GW and EM signal.

Likely the origin of short gamma-ray bursts (SGRBs)
and of heavy elements like gold, platinum, uranium,
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[picture: Baiotti, Rezzola arXiv:1607.03540]
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