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Possible phase transitions in the matter at high density
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Mass-radius diagram for hybrid stars

Phase transition:
Nuclear Matter
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Quark Matter

EOS for pure nuclear matter
is from Douchin & Haensel
Astron. Astrophys.,

380 151-167 (2001)

EOS for quark matter
according to BAG model
is linear: pressure P, is
proportional to internal
energy E,. B is a vacuum
constant (model parameter)
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Density of phase transition p,, is connected with B:

Thick black line — Mass-Radius relation for pure nuclear matter EOS
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| Special “point”
on Mass-Radius
diagram!

Numbers at lines are the
values of B in MeV/fm?3
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Fraga et al. Nucl. Phys. A, 702 (2002)
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What is the structure of the stars at special point?
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The stars have different quark cores but very similar envelope
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The conditions for the envelope to remain unchanged at varying B:

OVT-equations of equilibrium
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The whole set of the equations:
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main equation refer
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0 The main equation
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This is the main equation. If it fulfilled at some point, the whole mass M and radius R of the

star will remain constant with small changes in B. Pay attention that . dropped out from the
main equation! Thus this property does not depend on the parameters of star’s envelope. i%‘:}




Dimensionless form of the Main Equation
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The way to solve main equation:

Homology-invariant variables

For some specific EOSes TWO TOV-equations of equilibrium can be
combined to ONE differential equation with homological variables.
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“Almost” homoloqical variables u and v
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The structure of real quark stars in \V
homologous variables is indicated 0.3
by the lines of various colors,
almost coincident with the spiral ones.
The arrows indicate the points 0.2
corresponding to the surface (p =1)
of these stars. The number at the 0.1
arrow indicates the corresponding
dimensionless central density p,
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Open guestions:

Other (non-linear) EOS as the solution of the main equation?

Other topology of fixed-points because different envelope?

Calculations with non-linear quark EQOS:
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Linear EOS (P being a linear function of p) is char-
acteristic of a simplest bag model of quark matter that
assumes massless quarks, but it also holds with very high
accuracy for more realistic bag model with massive s-quark
(Zdunik, 2000). Zdunik and Haensel A&A 551, A61 (2013)

The existence of special point means that the hybrid stars with the same Mass and

Radius can have nevertheless absolutely different inner structure depending on EQOS




