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Introduction

Spontaneous breaking of chiral symmetry isanonpertur-
bative phenomenon in the QCD vacuum as well as at low
temperature and densities. Hadronic theories of the low en-
ergy regime have to take thisinto account [1]. Chiral sym-
metry breaking appears in the hadron spectrum as a mass
splitting of so-called chiral partners.

A re-occurring topic in the literature is the possibility
that the order parameter for the chiral transition is a func-
tion of spatial coordinate [2]. A fruitful Ansatz to de-
scribe inhomogeneous condensation is the chiral-density
wave (CDW).

We re-investigate the question of inhomogeneous con-
densation at nonzero density in the extended Linear Sigma
Model (eL SM) where the baryons are introduced as parity
doublets [3, 4]. The eLSM successfully describes hadron
vacuum phenomenol ogy both in the meson and baryon sec-
tor, it is therefore a natural choice for non-zero density
studies including the CDW [5].

Non-zero density study

In the two-flavor case, Ny = 2, the scalar and pseu-
doscalar mesons are described by the matrix

® = (0 +mn)to + (do + o7) T,
and the vector and axial -vector mesons by
AP = fl'to+al -t

where t = 7/2, with the vector of Pauli matrices 7, and
to = 12/2. The model is invariant under the chiral group
SU(2)rxSU(2)r. Thechiral condensatep = (o) = Z f
emerges upon spontaneous chiral symmetry breakingin the
mesonic sector, where /. ~ 92.4 M€V is the pion decay
constant and Z ~ 1.67 is the wave-function renormaliza-
tion constant of the pseudoscalar fields.

We now make the following Ansatz for the condensates,
which is of the form of a chiral-density wave:

(0) = pcos(2fz), (m) = ¢sin(2fx), @
Inthelimit f — 0 we obtain the usual homogeneous con-
densation.

The baryons are introduced as two parity doublets ¥
and 5, which transform according to the mirror assign-
ment:

V”:w“toJrﬁ”-ﬂ

e
©)

Ui g = UrV1r, V1L —-UL¥:p,

Uor = UL Vo r, Vop—UgrWsyr.
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The mirror assignment allows for an additiona chiraly in-
variant mass term [6]:

mo (V1,02 r — U1 Vs — Vo Uy g+ Vo gy 1) .
4)
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Figure 1. The condensates ¢ and y are shown as functions
of p.

In Fig. 1 the condensates ¢ and x are shown as func-
tions of p. For = 923 MeV afirst-order phase transi-
tion to the nuclear matter ground state takes place and at
© = 973 MeV atransition to the CDW phase occurs. In
terms of density, the onset of inhomogeneous condensation
isat 2.4py. Then, amixed phaseis realized between 2.4p¢
t0 10.4p¢. However somewherein the mixed phase the de-
confinement phase transition should occur.

Outlook

Further studies of the model at zero and non-zero densi-
ties should be performed to test for general forms of inho-
mogeneous condensation. The eLSM should be extended
to Ny = 3 in the baryon sector.
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