The mixing effects of scalar mesons in a Skyrme model

1, Abstract:

Qalar mesons reduce the skyrmion mass.

We construct a skyrme model including two-quark and four-quark scalar mesons as well as
the pion, rho meson and omega meson fields within a framework of the hidden local
symmetry. We investigate the effects of scalar mesons in the model, we show that the
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2, Motivation:
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3, The scalar mixing structure(g=u,d):
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4, Modeling:
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Symmetry of the model
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Scalar meson mixing structure

Field Operator Physical fields
Pseudoscalar meson F(r) T
Vector meson W(r),G(r) w, P
2-quark scalar meson o(r)=fz+6 fsoo = cos(8) & — sin(8) ¢

4-quark scalar meson

d(r) = Pygc + QE

fiz70 = sin(8) & + cos(8)¢p

e Scalar meson g, ¢ have vacuum expectation value

 The physical state of scalar mesons are mixed by 2-quark state and 4-quark

state
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The 2 quark state and the 4 quark state for scalar meson 4 )
1 1 The Lagrangian:
Mo = Lot My = L 5, The Lagrangia
The ¢(4-quark state scalar
" o meson) interact with other
The potentia fields through o
Vo = Aot gmdo’ +omis + Ao’ L= 1o.00m 2T 1Y 4+ 29,60m — (Vo — Vo) — (Vg — 1
0 3 R M0 gt = 50u00"0 + 0" Tr(ar,a) + 50,00"¢ — (Vo — Vo) — (Vsp — Vsp)
o, before
' 1
t _—  __Af2 T 2 2
sg/rrzzr;lljn;y Vo = 4M7Tf770 TI‘(U + U ) —I—ClhlS(S()U + (1 — So)f,?r) TI‘(OzHuCEﬁL) — @ TI‘(V‘W/VF’JV) + [-:anom
¢, before Only U(%—quark sta.te scalar Vector meson Vector meson
symmetry meson) interact with other H
WWWWWWWWW feld directly (repulsive force)
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6, For baryon number B=1 case:
/ \ / \ / _ dagsin F(cosF — G —1)  2r?W' sin(2F)  F \ |ro> \
N = 4W( 39 3y 8m2 | 47r2> r—0 =1
fr 92.4 MeV
M. 139.57 MeV
N, 3
=0, I=1 U = cosF(r)+ir-zsin F(r) c1 + co 0
’ o Gr) ) c1 — €2 —4/3
a _ ika sk
kp _]:1, =1 py,:i — &7 g,r ) C3 0
J=1, 1=0 W, = 5MOW(T) g 5.80 4+ 0.91
J=O, 1=0 - fw(l i 5(7‘)) Ahls 2.07 +£0.33
J=O, 1=0 Cb - vaaC(l i Cb(T)) There are several combination for ¢y, ¢3, c3, here > The boundary condition for m, p, w are taken for baryon number Ng=1
we choose this combination to reproduce a)MB“. [> The boundary condition for 5:¢_>,are taken for no divergence occurslzNhen r—0 ]
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/7, Numeral results:
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/so dependence
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The pure 2 quark scalar meson will drop about 100 MeV soliton mass, similar

with dilaton scalar meson case.
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onclusions:

The incorporate of scalar meson will drop the soliton mass.

A lighter 2-quark state scalar meson reduce more soliton mass.
A heavier effective vector meson mass(smaller S,) reduce more soliton mass

the lighter “effective 2 quark scalar meson” mass is, the lighter soliton mass becomes.
The tendency of “charge radius - scalar meson mass(or Sy)” relation, depend on the way how scalar meson is incorporated.
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