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Introduction

Hadron are made by quarks and gluons

+

The dynamics of quarks and gluons are described by Quantum
chromodynamics (QCD)

» QCD have two important features:
€ Color confinement
€ Asymptotic freedom

» In low energy region the perturbative calculation for QCD is impossible,
alternatively:
€ Lattice QCD (non-perturbative calculation)
€ Effective models (chiral perturbation theory, quark model, etc...)
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The chiral symmetry

The chiral symmetry:

1 11—

left right
q q

Spontaneously breaking of chiral symmetry:

(Gq) = (qrqr + qrqL) # 0 (qq) # 0

The effective theory based on chiral symmetry:

Nonlinear sigma model
Chiral perturbation theory



Chiral quark model

Naive quark model:

* Quark mass term

« Kinetic term
« Color confinement potential (CON)

* Gell-Mann, M., 1964, Phys. Lett. 8, 214.
* Zweig, G., 1964, CERN Reports No. 8182/TH. 401

and No. 8419/TH. 412).

* N.Isgur, G. Karl, Phys.Lett.B 72 (1977) 109.

* One gluon exchange (OGE)

The Nambu—Goldstone boson exchange:

« Chiral symmetry is spontaneously broken

* Pseudoscalars (m, K, n) are the Nambu—Goldstone

(NG) bosons of chiral symmetry breaking

q

ons

« Scalar meson ¢ as the chiral partner of NG bos

K. Shimizu, Phys. Lett. B 148, 418-422 (1984)

+ L.Ya Glozman, Z. Papp, W. Plessas, Physics

Letters B 381 (1996) 311-316

* Z.YX.Zhang, Y.W. Yu, P.N. Shen, L.R. Dai, A.

Faessler, U. Straub, Nucl. Phys. A 625 (1997) 59.

+ J.Vijande, F . Fernandez, A . Valcarce, J. Phys. G

31, 481(2005)




The Hamiltonian
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J . Vijande, F . Fernandez, A . Valcarce, J. Phys. G 31,
481(2005)
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The Gaussian expansion method

Nmax

Yim (1) = Z et (1),

— Uy
nlm ’I") an € Y ( )7
1
l 2 l 3\ 2
27220, ) T2
V(20 +1 ’
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e | Tmax SR
Vn:_Qarn:Tmina y = .
ry, T'min

E. Hiyama, Y. Kino, and M. Kamimura, Prog. Part. Nucl.
Phys. 51 223 (2003).
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Incorporate the vector meson contribution

The hidden local symmetry:

M. Bando, T. Kugo, K. Yamawaki.
Phys.Rept. 164 (1988) 217-314
M. Harada, K. Yamawaki.

.7 (x) Phys.Rept. 381 (2003) 1-233
U = ¢leg=¢e¥7n
&b — M@)éLr- gl g
’ h(z)Th(z) =1
.V (x) c(x)
LR = e v et in

h(ﬂ?) S Hlocal sy  JL.R S Gglobal

« The transformation for U do not changes, which
seems that the freedom of vector meson is “

[SU(Ny) L x SU(Nf)rlgiobat X [SU(Ny)vliocar = [SU(Ng)vlgiobar
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The Hamiltonian
H:Z(m@+2ﬁi>—TCM+ Z (‘/iJCON
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OGE o ™ w P
+Vi =+ Vig + Vi + Vig + V)

Bing-Ran He, Masayasu Harada,
Bing-Song Zou, 2306.03526
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The exchanged mesons in SU?2
model

Vector

Pseudo-sy
Mass(GeV
{ Scalar f0(500) }

Symmetry of the model
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Wave functions

* Orbital (SO(3)): (v1)
* Spin (SU(2)): (xs)
 Flavor (SU(2)): ()(,f)
* Color (SU(3)): (x°)

1gk _ o1 fi.c
\IJJJMJIMI = A [[wLXs ]JMJ ijXk}
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Channel Eg Channel Er
[DD*]1g1 6.2 39% [BB*]1¢1 0.5 12%
[D*D]1g1 6.2 39% [B*Blig1 0.5 12%
[D*D*]101 83.1 5% [B*B*)1g1 31 32%
[DD*|ags 383.1 0% [BB"|ses 253.6 0%
[D*D]gg)g 383.1 O% [B*B}S@}S 253.6 0%
[D*D*|sws 337.3 0% [B*B*|ses 233.3 0%
[(ce)(a@) Toso 337.5 0% [(6b) (@) oo 233.7 0%
[(c)*(aD)]303 120.3 17% [(6b)" (49)]33 —37.8 44%
Mixed —4.9 Mixed —88.2
Tec Tqe Tqq Tgb T'bb
Tee 1.56 1.24 1.70
Tup 0.75 0.65 0.37
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The Hamiltonian

2
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The exchanged mesons in SU3
model

Vector
/ Mass(GeV)

— 7 7777

{Scalar f0(500) }

Symmetry of the model
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Wave functions

* Orbital (SO(3)): (v1)
* Spin (SU(2)): (xs)
+ Flavor (SU(3)): (x!)
* Color (SU(3)): (x°)

1gk _ o1 fi.c
\IJJJMJIMI = A [[wLXs ]JMJ ijXk}



1 )\;)\J 0i0; g;0; * )\;)\J
o o
n/n +/+
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OGE —/= +/+
CON +/+
No vector CICI/CICI
J . Vijande, F . Fernandez, su2 vector su3 vector
A . Valcarce, J. Phys. G 2306.03526 2307.16280
31, 481(2005)

. (qq) 0.536 0.880 0.456

as(qgs) 0.479 0.426

a.(qc) 0.426 0.774 0.363

a.(qb) 0.409 0.749 0.339

a.(ss) 0.419 0.388

a.(sc) 0.360 0.308

a.(sh) 0.340 0.279

a.(cc) 0.288 0.510 0.205

a.(ch) 0.260 0.447 0.168

a.(bb) 0.223 0.366 0.128
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Thank you for your attention!
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