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We study the effects of scalar mesons on skyrmion properties by using
a mesonic model including a two- and four-quark scalar mesons as well
as the pion, rho and omega mesons in a framework of the hidden local
symmetry. We show that the scalar mesons reduce the skyrmion mass
and the lighter two-quark state scalar meson is, the lighter soliton mass
becomes. In addition, we find the lighter soliton for the more two-quark
component of the lighter scalar fsoo. When vector meson mass partially
comes from chiral condensate, the smaller chiral invariant vector meson
mass is, the larger soliton mass becomes. In addition to the soliton mass,
we study the scalar meson effect on the energy and charge radii.
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1. Introduction

For more than half of a century, people have been making lots of efforts to
get a Skyrme type model that can reproduce the realistic baryon properties.
In the literature, people have already found that the vector resonance p and w
meson and also the scalar degree of freedom associated with the spontaneous
breaking of scale symmetry play important roles in skyrmion properties
[1-6]. Motivated by the significant role of the scalar meson in nuclear
physics, we explore the effect of the scalar mesons made of two quarks and
four quarks on the skyrmion properties such as the mass and size of the
skyrmion in Ref. [7]. Relegating details to Ref. [7], we give a brief summary
of the main ideas and the main results of our approach.
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2. The model
For the Ny = 2 case, the Lagrangian of the model has the general form

L= Tr (a“M(Q)a“M(TQ)) +10,00"¢

— (Vo — Vo) — (Ve — VsB) + Lv, (1)
where M) denotes two-quark state and ¢ denotes four-quark state, Vsp
denotes spontaneous chiral symmetry breaking term and Ly denotes the
Lagrangian including vector mesons. By requiring that each vertex in the
potential terms Vj and Vgp contains less than or equal to four legs, with the
quark number less than or equal to eight, we write the potential parts as [8]

Vo = ATr (Mo My Moy My ) = m3 Tr Mgy My ) + dmie?

+V24 <det (Mz)) + det (M(Tz))) @, 2)
Vg = —Lf, Tr (XM(T2) ot M(2)> . (3)
By using the polar decomposition, we can write Mg = %5{0&{ with U =

§£§R = 27m7"/fx  The potential for o is arranged in such a way that o
has a vacuum expectation value (VEV), and ¢ also has a VEV though the
interaction term to o expressed by the A-term. Here, we shift the fields o
and pas o= (o) + 0= fr+7, 0= (d) + ¢ = dvac + ¢, where & and ¢ are
the fluctuation fields.

In this study, we treat physical scalar mesons as the mixing state between
two-quark and four-quark states through

(g )=(20 0y (2).

In this parametrization, cos(f) implies that when cos(f) — 0, the physical
state of ¢, is almost constructed by the four-quark component and ¢¢,,.,
is almost constructed by the two-quark component.
The vector meson part of the Lagrangian is

Ly = ans (s00° + (1 — s0) f2) Tr (a””aﬁ) — 2;2 Tr (Vi V™) + Lanom » (5)
where the parameter sy denotes the percentage of the masses of p and w
coming from the spontaneous chiral symmetry breaking. Since the potential
Vo has the Z symmetry for o, we include only the possible lowest order
term soo?. Note that agfw f2(1 — s0) denotes the chiral invariant mass of
the vector mesons. The anomaly term of Lagrangian incorporates the w,B*
term to construct a minimal model in which the w meson contribution is
included.
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3. Numerical analyse
8.1. The ansatz

In this section, we make a numerical calculation of the soliton properties
with baryon number one in the U(2)ps hidden local symmetry. For the .,
p and w, we take the widely used ansatz and boundary conditions given in
Refs. [9-11]. Since the scalar meson fields o and ¢ do not contain space or
isospin indices, we choose the following ansatz

c=fr(1+5(r),  ¢=dwc(l+o(r)), (6)

with (r) and ¢(r) being dimensionless quantities. The boundary conditions
for scalar meson fields o and ¢ are, 3'(0) = 0, 5(c0) = 0, ¢'(0) = 0,
$(00) = 0. By numerically solve the equations of motion for F(r), G(r),
W (r), 3(r) and ¢(r), one can obtain the physical quantities of skyrmions.
Here, we are interested in the skyrmion mass, the mean square charge radii
for the baryon number and the soliton mass.

3.2. The scalar mesons contribution

We first consider the case in which the two-quark and four-quark fields
decouple from each other by taking A = 0. In such a case, there is only a
trivial solution for ¢, i.e., the four-quark field ¢ decouples from our model
and, therefore, there are two parameters m, and sg in the model.

To investigate the effect of the two-quark scalar meson mass m,, we set
sg = 0. We show the m, dependence of soliton properties in Fig. 1. From
this figure, we see that soliton mass mgo increases with the increasing of
me. This is because when m, becomes heavier, the attractive force made
by & becomes smaller. In contrast to the soliton mass, we find that with the
increasing of m,, the charge radii for v/(r?)p and /(r?) g become smaller.
This can be understood from the equation of motion of & which tells us
that the larger m, is, the sharper profile for ¢ becomes. The shape for o
dominates the shape for energy and charge distributions.

To explore the effect of sy in this model, we take a typical value of m,,
explicitly m, = 1370 MeV. Our results are plotted in Fig. 2. We see for
a bigger sp that the mg, goes up and baryon charge radius +/(r2)p also
increases. By seeing the equation of motion for the w, we can define an
effective mass m, ) which is smaller than the vacuum mass; my, gy < muw-
Furthermore, the effective mass is lighter for larger so (see Ref. |7] for de-
tail). So that, when sy becomes larger, the repulsive force from w becomes
stronger and the effective range of repulsive force becomes broader. Since the
baryon number current is proportional to the effect of w meson, the baryon
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Fig.1. m, dependence of the skyrmion properties.
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Fig. 2. sy dependence of the skyrmion properties.
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number charge radius /(r?)p becomes larger for larger so. The situation
for charge radius of energy /(r?) g is quite complex. In the present analysis,
the numerical error is about 1-3%, so that the third graph in Fig. 2 implies
that \/(r?)p is rather stable against the change of sy. This implies that the
contribution from w works in an opposite direction to the one from o, and
that they cancel with each other.

We next investigate the effect of the scalar meson structure on skyrmion
properties through the mixing angle between the two-quark and four-quark
states. Here, we take sg = 0. Our results are illustrated in Fig. 3. The
decreasing and increasing tendencies of Fig. 3 are consistent with the ones
of Fig. 1. This is because, in our model, the two-quark state gives a domi-
nant contribution from the scalar mesons. The increasing of mixing strength
drops the “effective m,” for the two-quark component, therefore the tenden-
cies for soliton mass and charge radii in Fig. 3 is consistent with those in
Fig. 1.
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Fig. 3. Dependence of the skyrmion properties on the mixing angle cos(6).

4. Discussions

In this work, we study the scalar meson effect on the properties of soliton
in a Skyrme type model.

The results show the tendency of charge radii and soliton mass depen-
dence on the way how to incorporate scalar meson contribution, which is
also pointed out in Ref. [12,13]. For this study, we show that the increase
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of m, reduces the effective range of attractive force, while the decrease of sg
reduces the effective range of repulsive force. We also explore the skyrmion
properties by considering the mixing structure of the scalar mesons. We
find that, with the increases of two-quark component in the lightest scalar
meson, soliton mass drops, while \/(r?)g and \/(r?) g become broader.

In this study, the skyrmion mass is not light enough to reproduce the
proton mass, it seems the magnitude of attractive force made from scalar
meson is not enough, or more specifically speaking, the balance between
attractive force and repulsive force for this model do not allow for a lower
soliton mass. In our model, the attractive force made by two scalar mesons
is dominated by the two-quark component, a more direct contribution of
attractive force made from four-quark component might be one way to reach
the normal nucleon property. For the present analysis, there is no precursor
way to determine the magnitude of sg, however, this parameters might play
a very important role in the dense matter case.
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