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Neutron star (NS) is a cosmic laboratory which provides us with a testing ground for the rich phase
structure of quantum chromodynamics (QCD) through the observables. Among others, mass (M)
and radius (R) are particularly important probes for constraining the equation of state (EOS) and
the composition of high density matter.

From the theoretical point of view, the onset of the strangeness degrees of freedom inside the NSs
has attracted much attention in recent years: General consensus is that the hyperons (Y ) would
participate in NS cores at densities of several times nuclear matter density. From the observational
point of view, a massive NS, PSR J1614-2230, withMobs = (1.97±0.04)M⊙ was recently discovered
[1]. Conflict between the 2M⊙-NS which requires stiff EOS and the Y -mixing which gives soft EOS
leads to a challenging problem whether massive neutron stars are in contradiction to the existence
of the exotic components such as the hyperons and deconfined quarks.
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Figure 1: (a) M − R relationships with various
hadronic EOSs including hyperons. The gray band
denotes M = (1.97 ± 0.04)M⊙ for PSR J1614-2230.
(b) M -R relationship with new interpolated EOSs.

On the basis of the percolation picture from the
hadronic phase with hyperons to the quark phase
with strangeness, we construct a new EOS with the
pressure interpolated as a function of the baryon
density. The maximum mass of neutron stars can
exceed 2M⊙ if the following two conditions are sat-
isfied; (i) the crossover from the hadronic matter
to the quark matter takes place at around three
times the normal nuclear matter density, and (ii) the
quark matter is strongly interacting in the crossover
region. This is in contrast to the conventional ap-
proach assuming the first order phase transition in
which the EOS becomes always soft due to the pres-
ence of the quark matter at high density. Although
the choice of the hadronic EOS does not affect the
above conclusion on the maximum mass, the three-
body force among nucleons and hyperons plays an
essential role for the onset of the hyperon mixing and the cooling of neutron stars. We also
comment on colorsuperconductivity. Our results has been reported in [2] and [3].
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