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Ordinary Phase Transition

One-component matter
Maxwell-type PT 

Phase coexistence
conditions:
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Maxwellian-type phase transition causes 
a density jump inside the star
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W.H. Ramsey, MNRAS 110 (1950) 325
M.J. Lighthill, MNRAS 110 (1950) 339

3

2
S

c
N

ρλ
ρ

= =



Soviet Astronomy Letters, Vol.14, NO. 2/MAR, P. 157, 1988 

Jupiter Saturn
From “Systems of Jupiter and Saturn” by
Kuskov, Dorofeeva, Kronrod and Makalkin
URSS 2009 (on russian)

Giant Planets and (may be?) 
Brown Dwarfs



The stiffness of EOS

S. Blinnikov (1975)
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Possible phase transitions in the matter at high density

Adapted from D.G. Yakovlev
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Z.F. Seidov (1971)



More than one conserving charge – Gibbs PT
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Global or local charge neutrality
N.K. Glendenning (1992)



Interacting phases
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T. Endo at. al. (2006) 



Phase Transition

Change of angular
momentum (starquakes)

Maximum mass of
neutron star

Supernova
Gravitational
energy release

J. L. Zdunik, M. Bejger P. Haensel (2005)



J.M. Lattimer

Annual Review of Nuclear
and Particle Science, 

vol. 62, issue 1, pp. 485-515 
(2012)

Maximum neutron star mass



Schertler, Greiner, Schaffner-Bielich, Thoma (2000)

Accretion-induced
Thermal evolution
Slowing down rotation





Mass-radius diagram for hybrid stars

Phase transition:

Nuclear Matter

Quark Matter
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Values of B are in MeV/fm3

EOS for pure nuclear matter is from Douchin & Haensel, Astron. Astrophys., 380 151-167 (2001)
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Special “point”
on Mass-Radius

diagram!

ρn = 2.6x1014 g/ccm



Sagert et al. J Phys G. 36, 6 (2009)

Fraga et al. Nucl. Phys. A, 702 (2002)

The are other examples of special point on M-R diagram! 

Schramm et al arXiv:1310.5804 



What is the structure of the stars at special point?

The stars have different quark cores but very similar envelope
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OVT-equations of equilibrium Phase equilibrium
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The conditions for the envelope to remain unchanged at varying B:



The main equation
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Non-trivial solution
Determinant = 0!
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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 λ dropped outfrom the

main equation! Thus this property does not depend on the parameters of star’s envelope.

The whole set of the equations:

All the quantities in 
main equation refer 
to quark phase only!
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The condition that a small shift from a 
fixed point bring us to another fixed point

Global structure of fixed points

For a given EOS the point on M-R diagram where the main 
equation holds we call fixed point. This is a local property.

Large scale

The reasons for the existence of a special
point on the M-R diagram of hybrid stars:

1. The linearity of quark EOS

2. The “phase diagram” of quark matter

0( )P E Eα= −



Open questions: Other (non-linear) EOS as the solution of the main equation?
Other topology of fixed-points because different envelope?

Zdunik and Haensel A&A 551, A61 (2013) 

Calculations with non-linear quark EOS:

Schramm et al. 
arXiv:1306.0989v2

Bombachi and Lagoteta, MNRASL 433, L79-L82 (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 EOS


