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Motivation

Simplification of pasta phase calculations

Credit: N. Yasutake
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Motivation

What if we have twins

I Does hybrid neutron star exist?

I Does NS twin exist?

I Does CEP exist on QCD phase diagram?

I etc.



The idea

Baryonic chemical potential
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Schematic representation of the interpolation function PM(µ), it
has to go though three points: PH(µH), Pc + ∆P and PQ(µQ).



The Grigorian construction

PM (µ) =
N∑

q=1

αq (µ− µc)q + (1 + ∆P)Pc

where ∆P is a free parameter representing additional pressure of
the mixed phase at µc .

PH (µH) = PM (µH) PQ (µQ) = PM (µQ)
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where q = 1, 2, . . . , k . All N + 2 parameters (µH , µQ and αq, for
q = 1, . . . ,N) can be found by solving the above system of
equations, leaving one parameter (∆P) 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 Grigorian construction
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The squared speed vs chemical potential for the Grigorian
construction with k = 2 (left panel) and k = 3 (right panel).

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

Universe (submitted), arXiv:1807.08034



The Blaschke construction
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D. Alvarez-Castillo and D. Blaschke, EPJA (submitted),
arXiv:1807.03258
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The Blaschke construction

∆(µ) =
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The Blaschke construction
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The results of pasta mimicking
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The results of pasta mimicking
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Third family robust against additional pressure up to around
∆P = 5%!



Realistic hadronic matter

For the hadronic pase the well known KVOR equation of state
[Kolomeitsev & Voskresensky, Nuc. Phys. A 759 (2005)] with modification
of stiffness is taken.
[K.A. Maslov, E.E. Kolomeitsev, D.N. Voskresensky, Nucl.Phys. A950 (2016)]



Realistic quark matter
For the quark phase the density functional for quark matter model
is used with available volume fraction parameter α (varied in the
range [0.1..0.3]).

Φ(nB) =

{
1, if nB < n0

e−α(nB−n0)2 , if nB > n0
,

where α = v |v |/2 and v is the excluded volume parameter
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[M. Kaltenborn, N.-U. Bastian, D. Blaschke, Phys. Rev. D 96, 056024 (2017)]



Results of mimicking pasta phase



TOV solutions



Results of mimicking pasta phase



Comparison with the real pasta

2 3 4 5 6
nB/n0

50

100

150

200

250

300
P 

[M
eV

/fm
3 ]

 = 0 MeV/fm
2

Numeric
H2
Q1
Interpolation
MC

2 3 4 5 6
nB/n0

 = 20 MeV/fm
2

2 3 4 5 6
nB/n0

 = 40 MeV/fm
2

0 20 40 60 80
 [MeV/fm

2
]

0.00

0.01

0.02

0.03

0.04

0.05

0.06

P

H1-Q1
H1-Q2
H2-Q1
H2-Q2Grigorian construction

of the pasta phase
supports third family!

Nobutoshi Yasutake & Konstantin Maslov



Thank you for your attention!

GRIGORIAN BLASCHKE
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