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Abstract In this work, the vector meson exchange effect in NN interaction is studied on quark level in the extended chiral SU(3)

quark model. The 7 ,p and w-meson exchange GCM potentials of central force and NN scattering phase shifts for all scattering partial

waves are given. It shows that the vetor meson exchange potential can substitute one-gluon exchange (OGE) potential to explain re-

pulsive core of the NN interaction.
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1 Introduction

In 1997, we proposed a quark-chiral field coupling
model which is called the chiral SU(3) quark model' 2], By
using this model, the energies of the baryon ground states,
the N-N scattering phase shifts and the hyperon-nucleon (Y-
N) cross sections can be reproduced reasonably. Shen et
al®!, Riska and Glozman'* applied the quark-chiral field
coupling model to study the baryon structure. They found that
the chiral field coupling is important in explaining the struc-
ture of baryons. In the work of Riska et all4] , the vector
meson coupling was also included to replace OGE. They
pointed out the spin-flavor interaction is important in explain-
ing the structure of baryon. The quark-chiral field coupling
model is a big challenge to the Isgur’s model'®, in which the
OGE governs the baryon structure. On quark level, the short
range repulsive feature of N-N interaction can be explained by

[7,8]

OGE interaction and quark exchange effect . on baryon

level, in the traditional one boson exchange ( OBE) model ™’
the N-N short range repulsion comes from vector meson (p s

[10,11]

0, K" and ¢) exchanges. Some authors also studied

short-range NN repulsion as stemming from the Goldstone bo-
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son (and rho-like) exchanges on the quark level. It has been
shown that these interactions can substitute traditional OGE
mechanism. But whether OGE or vector meson exchange is
the right mechanism for describing the short range part of the
strong interactions, or both of them are important, is still a
challenging problem. To study this interesting problem, we

1] to involve vector me-

extend our chiral SU(3) quark mode
son exchanges. As we did before in the chiral SU(3) quark
model, first we fit the masses of baryon ground states, then
the N-N phase shifts are calculated by solving a Resonating
Group Method (RGM) equation to see the effect of vector

meson exchanges.
2 The extended chiral SU(3) quark model

By generalizing the interaction Lagrangian, a term of
coupling between quark and vector meson field is included on
the basis of the chiral SU(3) quark model™ .

» . - . fchv b
gl = - lgchv()byll(pll. T()b -1 2Mp¢o'#ya»(p/.z. T()b' (1)
Thus the Hamiltonian of the system can be written as

H = ET;'— Te + Evij’
i i<j (2)

V= Ve VI 4+ VY,

] i
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where 2 T, - T is the kinetic energy of the system, and V;

includes all the interactions between two quarks, V‘Ef"f is the
confinement potential taken as the quadratic form. Vﬁ}' repre-
sents the interactions from chiral field couplings. In this ex-
tended chiral SU(3) quark model V?}' includes scalar meson

exchange V7, pseudo-scalar meson exchange V%, and vector

meson exchange V7; potentials,

Ve = Z Vsa(rij) + E Vpsn(rij) + Z Vvu(rij)' (3)

a=0 a=0

The vector meson exchange potential is

VVn(rij) = C(gchvymva 71&(;)AX1(7n‘,‘z 7Ac7 Ty)(/la(l)Aa(])) +

m, (1 @mi+m.+

6m_m 9w M

g

C(gchvv mva’Ac)

P

&mim.

g M ) {XZ(mva’Ac”ii)("i"’j) -

1 AP .
T(H(mvarij)_(m ) H(Acri].))S,;;}x

v
a

(Aa(l)aa(.})) - C(gchv’mva’Ac) X

3’”3, 2(m,; + m,
( +@M)x{g(mvrij)_

(2, (D) 2,(7)), 4)
and M p 18 taken as proton mass. In the calculation,w and $
mesons consist of 4 /%( uii + dd) and (s5) respectively, i.

e. they are mixed by w; and wg, with the mixing angle 8, =
-54.7°. g

coupling and tensor coupling of the vector meson field respec-

o and f, - are the coupling constants for vector

tively. In the study of nucleon resonance transition coupling

to vector meson, Riska et al. [13]

took ¢, = 3.0 and neglect-
ed the tensor coupling part. On baryon level, these two val-
ues can be obtained according to the SU(3) relation between

quark and baryon levels. For example,

3
Gehv = gNNp’fchv=?(fNNp‘49NNp)' (5)

In the Nijmegen model D, gyy, =2.09 and fyy, = 17.12.
From Eq. (5), we get gy, =2.09 and f,,, =5.26. Such
information is useful for adjusting the coupling constants of
vector meson exchanges on quark level. All the parameters
used are listed in Table 1. Here there are only one coupling
constant for vector meson of vector coupling g, and one for

tensor coupling f,, in our model. The number of adjustable

4m,m; g 3M, parameters are largely reduced in comparison to the one boson
A3 exchange theory on baryon level, in which different coupling
C
( m ) G(Acrij)}(L'("i + o'j)) X constants were adopted for p,K* ,w, and ¢ exchanges .
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The partial wave phase shifts of N-N scattering.
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Table 1. Model parameters and the corresponding

binding energies of deuteron.

extended chiral SU(3)
chiral SU(3) quark

quark model
model

set | set I
b,/fm 0.5 0.45 0.45
G 13.67 13.67 13.67
Gon 2.621 2.621 2.621
Gehv 0 2.351 1.972
S/ Gen 0 0 2/3
my/MeV 595 535 547
9u 0.886 0.293 0.399
a(g%) 0.785 0.086 0.159
a,,/(MeV/fm?) 48.1 48.0 42.9
B ou/MeV 2.13 2.19 2.14

The meson masses and the cut-off mass A are m, = 138MeV, m
495MeV, m, = 548MeV, m, = 958MeV, m, = m, = m. = 980MeV, m,
770MeV, my- = 892MeV, m,, = 782MeV, my = 1020MeV and A = 1100MeV .

3 Result and discussion

The N-N phase shifts are calculated and shown in Fig.1
The corresponding deuteron binding energies By, are listed in
Table 1. For comparison with results from different models,
the results of chiral SU(3) quark model without vector meson

exchanges[z]

are drawn with short-dashed curves, while long
dashed and solid curves are those obtained from the extended
chiral SU(3) quark model with two different sets of parame-
ters. In the case of set I ,the tensor coupling of the vector
meson exchanges is not considered, namely fy./gq, = 0,
while the tensor coupling of vector meson exchanges is includ-
ed in the case of set I ,where fu,/ gon =2/3. we adjust the
mass of 6 meson m, to fit the binding energy of deuteron.

From Table 1, one can see that m, is almost located in the

reasonable range 550—650MeV for all these three cases when
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Fig.2. The GCM central potentials of 7, and w mesons exchange.
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the binding energy of deuteron B\, is fitted.

From Table 1 and Fig.1,(1)we can see that in the ex-
tended chiral SU(3) quark model,the phase shifts of 'S, and
3S, waves can be fitted rather well. All other partial waves
calculated are also consistent with the experimental results.
In the extended chiral SU (3) quark model, the strength of
OGE (a,<0.2) interaction is greatly reduced and the short
range NN repulsion is dominantly due to vector meson ex-
changes, which also results in smaller size parameter b,.
Hence, mechanisms of the quark-quark short range interac-
tions of these two models are totally different. Coupling con-

stant of vector meson exchange (g, and fi4,) on quark level

is much weaker than the corresponding coupling constant on
baryon level (2) Fig.2 gives the central generator coordinat-
ing method (GCM) matrix elements of 7t,p and w mesons for
the all states (for set 1 ). Here we can see the contributions
from different meson exchanges for different partial waves in
the N-N interactions in our extended chiral SU (3) quark
model. One can see that the w meson exchange offers repul-
sion not only in the short range region, but also in medium
range part. This property is different from that of 7 meson,
which only contributes repulsive core. All above results are
reasonable and helpful in better understanding the short range

mechanism of the quark-quark interactions.
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