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Abstract

Using the idea of smooth crossover from hadronic matter with hyperons to quark matter with strangeness, we show the maximum mass of neutron stars
with quark matter core can be larger than 2M . Itis in contrast to conventional softening of EOS due to exotic components in the case of 1, order transition.
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Essential conditions: () the crossover takes place at relatively low densities, around 3 times the normal nuclear density.
(Il) the quark matter is strongly interacting in the crossover region.

~

)

Introduction

ﬁ()bservation \ eTheory \
Typical observed mass TOV equation
o _ 2 B
for double NS binaries: 1411 g e (B -aan)
< il 000 o o fum 7 4T
M = dnrie(z)dx
N mp OS5

EEEEEEEEE
CCCCC
OOOOOOOOO
IIIIIIIIII

nguation of State: P = f(e)

pppppppp

I one-to-one correspondence

ass-Radius(M-R) relation for N
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ﬁecent discovery [1] and Key question  shapiro delay

In 2010, NS(PSRJ1614-2230)
with (1.97%£0.04)M was found

‘ Orbital phase (turns)

e Are there any EOS which can explain 2Mz NS?
{Is there Hadron-Quark transition inside the NS?
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Hypothesis of

the hadron-quark crossover
\speciﬁed by free parameters: p, T y

Pressure (P)
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e Condition

At po , hadron picture must be correct
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P Baryon density (o) /
e Definition of pressure P and energy density ¢ N\
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pressure in a hadron phase pressure in a quark phase
\_ crossover density width of the crossover region/

1. Maximum mass [2],[3]
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Maximum mass 7 = with TNI2u H-EQOS
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e Max does not depend on H-EOS
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e strongly interacting quark phase at relatively low densities — 2M ¢

2. Internal structure [3] (P, ') = (3po, po)
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Strangeness
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Universal 3-body force delays hyperon mixture
2.5p0 (TNI2) — 4pg (TNI2u)
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Only the massive neutron stars would have
strangeness core in a form of quark matter.
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This may solve the well-known problem of rapid
cooling of neutron stars with hyperon core.
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3. Colorsuperconductivity
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e At very high density, colorsuperconducting (CSC) phase appears.
e CSC softens EQOS, but its effect on the maximum mass is very small.
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e TBF
%f L N2 method G-matrix | G-matrix | G-matrix| RMF
s universal O X X X
3-body force
T K (MeV) 250 250 192 | 211
: maximum mass(Mz) | 1.52 1.08 1.22 1.36
’ 6 central density(po )| 11.06 16.10 7.35 5.89

Quark phase: NJL EOS

New EOS with Crossover N
Hadron phase: TNI2u (hyperons and universal 3-body force)
Quark phase : (2+1)-flavor NJL with £ -equilibrium and
charge neutrality )
\L’ strongly interacting quark matter can sustain 2Ms NS.
It is in contrast to the case of 1., order transition.
Future Works h
e Finite temperature extension to treat proto-neutron star
_ * Constraints on EOS from other observables (cooling, ...) ... P

(2+1)-flavor NJL with 3-equilibrium and charge neutrality (+e~, 1)
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parameter HK RKH | LKW ,
mean field
A(MeV) 631.4 | 602.3 | 750 approximation
GSAZ 3.67 3.67 3.64 | In this poster,
GpA° 9.29 | 12.36 | 8.9 | we choose HK and
mua(MeV) | 5.5 5.5 | 3.6 change g, in the range
ms(MeV) | 135.7 | 140.7 | 87 0< & <15
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