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The understanding of the properties of hot
dense nuclear matter is an important problem
in theoretical physics in the context of neutron
stars as well as in high-energy heavy ion col-
lisions experiments where nuclei undergo vio-
lent collisions. Kaplan and Nelson have sug-
gested that, above some critical density, the
ground state of baryonic matter might con-
tain a Bose-Einstein condensate of negatively
charged kaons. There is a strong attraction
between K mesons and baryons that increases
with density and lowers the energy of the zero-
momentum state. A condensate is formed
when this energy equals the kaon chemical po-
tential. Hence, in neutron stars, charge neu-
trality favors kaon condensation because the
neutrons at the top of the Fermi sea decay into
protons plus electrons, which in turn have an
increase in the energy as the density increases.
In the present work, we investigate the phase
transition from a hadronic phase to a phase
with nucleon and kaon condensate by using
the quark-meson-coupling (QMC) model.
In the QMC model, the nucleon in nuclear

medium is assumed to be a static spherical
MIT bag in which quarks interact with the
scalar and vector fields and these fields are
treated as classical fields in the mean-field ap-
proximation. The equation of motion for the
quark field ψq(~r, t) inside the bag satisfies [1]

[iγµ∂
µ

− (m0
q − gqσσ0)− γ0(gqωω0

+
1

2
gqρτ3qb03)]ψq(~r, t) = 0 (1)

where m0
q is the current quark mass and τ3q

is the third component of the Pauli matrices.
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gqσ, g
q
ω, g

q
ρ are the quark coupling constants for

σ, ω, ρ mesons.
The equilibrium condition for the bag is ob-

tained by minimizing the effective mass MB
∗

with respect to the bag radius RB as in Ref.
[2]

∂M∗
B

∂R∗
B

= 0 (2)

Once the bag radius is obtained, the effective
baryon mass is immediately determined. Also,
we assume that the kaons are described by the
static MIT bag in the same way as the nucle-
ons. Bag constant for kaons, BK is taken to be
same as for the nucleons. The effective mass of
the kaons is calculated in the same way as that
of nucleons. σ, ω and ρ mesons are only medi-
ators of the u and d quarks inside the kaons .
The energy of the static bag describing kaon
bag can be expressed as

E
bag
K =

Ωq +Ωs

RK

−
ZK

RK

+
4

3
πR3

KBK (3)

Pressure for the kaonic sector at finite tem-
perature T is ,

PK = ζ2
[

M∗

K
2
− (µ+X0)

2
]

+T

∫ ∞

0

d3p

(2π)3

{

ln[1− e−β(ω−

−µ)]

+ ln[1− e−β(ω++µ)]
}

(4)

where X0 = gωKω0 + gρKρ03, Bose occupa-
tion probability fB = (e−βx

− 1)−1, ω± =
√

p2 +M∗
K

2
±X0, ζ is the condensate factor

for the kaons. The total energy density of the
baryonic and the kaonic contribution at finite
density ρB and ρK is

ǫ = ǫB + ǫK (5)
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FIG. 1: Pressure versus energy density for nuclear

matter at T=10 MeV.
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FIG. 2: Effective nucleon and kaon masses versus

density obtained with the QMC model at T=10

MeV.

The baryon energy density is same as in Ref
[3] and the kaon energy density becomes

εK = ζ2
[

M∗

K
2
− µ2 +X2

0

]

+
∫ ∞

0

d3p

(2π)3

[

ω−(p)fB(ω
−
− µ)

+ ω+(p)fB(ω
+ + µ)

]

(6)

The values of σ, ω and ρ can be obtained as
in ref [2]. In Fig. 1, we show the equation
of state obtained in a QMC model for nucle-
ons plus kaon phase. A kaon condensation
is possible for densities greater than around
3.5ρ0, where ρ0 is the saturation density. In

Fig. 2, we show the kaon and nucleon effec-
tive masses. Note that the mass of the nu-
cleons is more affected by the medium than
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FIG. 3: Particle population of nucleons, kaon and

leptons versus baryon density at T=10 MeV. K-T

is the contribution due to thermal part.

that of the kaons, but both decrease quite a
lot at the high densities. In Fig. 3, we dis-
play the particle population for different densi-
ties including the possibility of kaon condensa-
tion. In summary, we have investigated within
the QMC model the consequences of includ-
ing kaon condensation on the equation of state
and related compact star properties. Within
the QMC the kaon-σ coupling constant is ob-
tained self-consistently. This definition of the
kaon-meson couplings gives rise to a K+ op-
tical potential. Kaon condensation makes the
equation of state softer and reduces the max-
imum allowed stellar masses
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