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The possibility of a phase transition from nuclear
matter (NM) to quark matter (QM) at high baryon
densities is of great interest in connection with neu-
tron stars and the possible existence of quark stars. In
recent works we have shown that one can consistently
describe the nucleon as a quark - scalar diquark bound
state1), the equation of state (EOS) of nuclear matter
(NM)2), and the transition to color superconducting
quark matter (QM)3) in the framework of the Nambu-
Jona-Lasinio model, which is an effective quark theory
based on QCD.

The solution of the quark-diquark bound state equa-
tion gives nucleon mass MN(M) as a function of con-
stituent quark mass M . The effective potential for
NM in the mean field approximation has the form2)

V
(NM) = Vvac + VN + Vω, where Vvac denotes the po-

larization of the Dirac sea of quarks, VN arises from
the Fermi motion of nucleons, and Vω is the contri-
bution of the mean vector field (ω0). M and ω0 are
determined so as to minimize V

(NM). The effects of
confinement are simulated by introducing an infrared
cutoff in the proper time regularization scheme, which
eliminates unphysical thresholds for the decay of the
nucleon into quarks, which is very important for the
stability of NM.

The effective potential for QM in the mean field ap-
proximation has the form3)

V
(QM) = Vvac + VQ + V∆,

where VQ denotes the Fermi motion of quarks, and V∆

arises from quark pairing and depends on the color su-
perconducting gap (∆). M and ∆ are determined so
as to minimize V

(QM). As argued in Ref. 3, there
should be no mean vector field in QM. Since QM cor-
responds to the deconfined phase, we do not introduce
an infrared cutoff here.

Figure 1 shows the pressures for NM (solid line) and
QM for several strengths of the pairing interaction (rs).
Curve 1 corresponds to normal (non color supercon-
ducting) QM. It is clear from Figure 1 that there is no
phase transition from NM to normal QM in our model,
but the scalar diquark condensation softens the EOS
of QM and leads to a phase transition at a density
which depends on rs. In Figure 2 we set rs = 0.2, and
show the pressure of the ground state as a function of
baryon density. We obtain first-order transitions from
vacuum (VAC) to NM, where chiral symmetry is bro-
ken and color symmetry is intact, and from NM to
color superconducting QM, where chiral symmetry is
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largely restored and color symmetry is broken.

Fig. 1. Pressure as a function of chemical potential for

NM (solid line) and QM at several pairing interaction

strengths rs.

Fig. 2. Pressure of the ground state of the system as a

function of baryon density for rs = 0.2.
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