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In the conventional quark model since 1964:
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Introduction

The study of hadron-hadron

* Nucleon-nucleon (NN) interaction

7w interaction is also a classical subject in the field of
strong interactions

ConTr'over-sy; — | molecule state

f0(980) and a0(980)

qqbar meson

e compact tetraquark 4
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Introduction

baryon-baryon interaction

meson-meson interaction

decuplet-decuplet interaction is
almost deeply attractive

octet-decuplet interaction is
weakly attractive

octet-octet interaction is more
weakly attractive or repulsive
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2. Theoretical framework

Different research methods

» Lattice QCD

* QCD sum rule
 Triangle singularity
*  Quark model

 Heavy chiral unitary approach



Theoretical framework

bl =saP—Yzs= L=
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(1) Quark delocalization color screening model

*  QDCSM was developed by Nanjing-Los Alamos collaboration
in1990s aimed to multi-quark study. (PRL 69, 2901, 1992)

* Two new ingredients
quark delocalization (orbital excitation)
color screening (color structure)
e Apply to the study of baryon-baryon interaction and dibaryons

deuteron, d*, NN, NA, NQ, ...
* Apply to the study of baryon-meson interaction and pentaquarks

NK, N1, Pc, ...
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Theoretical framework
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Theoretical framework
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(2) The wave function of the four-quark system
v=.A Vp[l‘L 'IH'T-‘O‘] IMW ! 'l,-'f-’('] :

The meson-meson structure: A=1- P35 — Py + P13Py4.

Yyl = 1 (Ra)2(Re)xL(R).
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Theoretical framework
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e The flavor wave function

The flavor wave functions of the meson cluster:
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Theoretical framework

e The spin wave function

The spin wave functions of the meson cluster:
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The spin wave functions of the four quark cluster
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Theoretical framework
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e The color wave function

The color wave functions of the meson cluster:

N
X [1111] - \ —%(r'r + gg + bb).

o
A’

The color wave functions of the four quark cluster

.G wtris l _,|
v = XpygXpa)-
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3. Results and Discussion

° parameters :

TABLE I: Model parameters: m, = 0.7 fm~ !, mr = 2.51
fm !, My = 2,71 fm™!, Ar = 4.2 fm™!, Ax = Agyii=15.2
fm~!, g%, /(47) = 0.54, 0, = —15°.

b My My M
(fm) (MeV) (MeV) (MeV)
0.518 313 313 470
ac Gy Uy s s
(MeV fm~2)  (fm?) (fm?) (fm*)  (fm?)
58.03 -0.733 -0.733 -0.309 -0.943
sy, Qs g sy, s,
1.50 1.50 1.46 0.352

14
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Results and Discussion

e the masses of the mesons:

TABLE II: The masses (in MeV) of the mesons obtained from
QDCSM. Experimental values are taken from the Particle Da-
ta Group (PDG) [22].

Meson M. Mezp
T 140 140
o 772 770
K 495 495
! G 892 892
" 284 547
n 781 958
W 724 782
) 1020 1020
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Results and Discussion
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* the possible quantum number:

TABLE III: The coupling channels of each quantum number.

I=0 J=0 mm, o, 0'n’, m', ¢d, ww, weo, pp
I'=0 F=1 ne, n'¢, nw, nw, mp, K*K*, K*K*
=0  Ji=71 PP, ww, pp, wWo
I'=1 J=90 KK, ', wp, ¢p, K*K*, KK, K*K*
R G B | KK*, ¢, nw, np, n'p, pp
I'=di =2 K*K™*, wp, ¢p, K"K*
=2 J=0 T, PP
=2 J=] wp
I=2 J=2 pp
I=2 J=0 nK, K, ¢K*, wK"

:% Ji=l nK*, ' K*, ¢K, wK, pK”*
I = % J=2 oK", wK"

= :3 J =1 K, pK~®
I'= :ﬁ J=1 7K", pK

— ._; J=2 pK~
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Results and Discussion
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The effctive potential:
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Figure 1: I = O states
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Results and Discussion

50

V,(S) (MeV)

-100

_150 i 1 i 1 L

S(fm)

Figure 2: I =1 states.
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Results and Discussion
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Results and Discussion it
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Figure 4. I =1/2states.
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Results and Discussion :
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Figure 5: T = 3/2states.

« The interaction between two vector mesons is almost deeply attractive;
« The one between a pseudoscalar meson and a vector meson is repulsive or weakly
attractive;

« The one between two pseudoscalar mesons is almost repulsive.
21
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» The contributions to the effective potentials

300 —— total
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(@) np
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N =

Figure 6: IJ = 11.

The kinetic energy term provides an attractive interaction
The one-gluon exchange provides deep attraction for the pp state while it is
repulsive for the np state 22
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« The kinetic energy interaction is attractive for the pp state while it is
repulsive for the nrmt state

« The one-gluon exchange provides repulsive interaction for both nmr and 23
pp states



Results and Discussion

 The delocalization parameter ¢
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Figure 8: IJ=11and [J =20

 The delocalization parameter approaching to 1 means that the quarks
are more willing to run between the two mesons, thereby reduce the
kinetic energy and introduce the attractive interaction. 25,




Results and Discussion
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Figure 9: IJ =02

the same reason with Figure 8
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4. Summary

The interaction between two vector mesons is almost
deeply attractive;the one between a pseudoscalar meson
and a vector meson is repulsive or weakly attractive;the
one between two pseudoscalar mesons is always
repulsive.

The meson-meson interaction is similar to that of
baryon-baryon interaction.

The kinetic energy relates to the intermediate-range
attraction mechanism in QDCSM.
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Thanks for your attention !
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