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Motivation

What if we have twins
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Does hybrid neutron star exist?
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Does NS twin exist?
Does CEP exist on QCD phase diagram?
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Neutron star mass and radius

The structure and global properties of compact stars are obtained
by solving the Tolman-Oppenheimer-Volkoff (TOV) equations®?*:

| dP(r)  GM(r)e(r) (1 i 5((:))> <1 ' W> -
d";’fr) = 4mr3e(r).

IR. C. Tolman, Phys. Rev. 55, 364 (1939).
2J. R. Oppenheimer and G. M. Volkoff, Phys. Rev. 55, 374 (1939).

*Valid for static neutron stars.



Neutron star mass-radius relation
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Finite-size effects

Coulomb interaction
Tends to break up the

Vs Surface tension
Requires minimization of the
like-charged regions into surface
smaller ones
slab
rod tube
droplet

bubble

@ Pasta Structures

The surface tension ¢ is unknown and used as free parameter

Yasutake, Maruyama, Tatsumi, Phys. Rev. D80 (2009) 123009 -,




Finite-size effects

(a) Gnocchi

It looks like yummy ltalian pasta
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Mimicking the Pasta phase. The idea
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Schematic representation of the interpolation function Pp(u), it
has to go though three points: Py(un), Pc + AP and Po(rg)-



The Replacement Interpolation Method (RIM)

N
Pu (1) = g (1 —pe)? + (1+ Ap) P

where Ap is a free parameter representing additional pressure of
the mixed phase at pc.

Pt (uH) = Pm (1) Pq (1Q) = Pum (1Q)
o9 09 oxl oxl
W'DH(MH) WPM( H) A qPQ(MQ) WPM(HQ)
where g =1,2,..., k. All N + 2 parameters (uy, pg and agq, for

g=1,...,N) can be found by solving the above system of
equations, leaving one parameter (AP) as a free one.

A. Ayriyan and H. Grigorian, EPJ Web Conf. 2018, 173, 03003
A. Ayriyan et al. Phys. Rev. C 2018, 97(4), 045802



The Replacement Interpolation Method (RIM)
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potential for the RIM construction
with k =1 (upper left) k =2
(upper right) and k = 3 (right).

Abgaryan, Alvarez-Castillo,
Ayriyan, Blaschke and Grigorian.
Universe 4(9) (2018), 94
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The Mixing Interpolation Method (MIM)
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D. Alvarez-Castillo and D. Blaschke, EPJA (submitted),

arXiv:1807.03258
V. Abgaryan, D. Alvarez-Castillo, A. Ayriyan, D. Blaschke, H. Grigorian,

Universe (submitted), arXiv:1807.08034



The Mixing Interpolation Method (MIM)
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The Mixing Interpolation Method (MIM)
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The results

of pasta mimicking
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The results of pasta effects
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Third family robust against additional pressure up to around
Ap =5%!



The realistic hadron and quark matter models

The hadron EoS model KVOR with

modification of stiffness
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The quark EoS model SFM with

available volume fraction parameter
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Results of mimicking pasta phase
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Results of mimicking pasta phase
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Comparison with the
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Mixed phase model
supports third family!

Maslov, Yasutake, Ayriyan et al.
In preparation (2018)
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Thank you for your attention!
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