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Introduction

> Experimental results

LHCb Collaboration, Science Bulletin 65 (2020) 1983-1993
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CMS Collaboration, Phys.Rev.Lett. 132 (2024) 11, 111901
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> Our work arXiv:2403.10375

e Bound state calculation

meson-meson

diquark-antidiquark

e A stabilization method (real scaling method)



Theoretical framework

» The chiral quark model: The most used QM

Describes properties of hadrons, hadron-hadron interactions well

» In ChQM:

Confinement: confining potential (phenomenology)
Asmptotic freedom: single-gluon-exchange potential

Chiral symmetry spontaneous breaking: Goldstone boson exchange potential

o Makato Oka, Koichi Yazaki, Nuclear Physics A402 (1983) 477-490
e L..Ya Glozman, Z. Papp, W. Plessas, Physics Letters B 381 (1996) 311-316

e J . Vijande, F . Fernandez, A . Valcarce, J. Phys. G 31, 481(2005)




The chiral quark model (ChQM)

H = Z ﬂ?z T -l A+ Z (‘V;r:cm('r-ij) I Vogfﬁ('rij)):
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Gaussian Expansion Method

i

(d) (e)

(a)-(d) mean meson-meson structure, while (d) represents diquark-
antidiquark structure 11



Gaussian Expansion Method
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Determined by diagonalizing H

Radial part Gaussian function:
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Wave functions

* The Spln-Orblt wave fUHCtlon TABLE III. Different combinations of J-J coupling.
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Wave functions

e The color wave function:

1. . . L el o
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e The flavor wave function

|F1) = c1Cac3C4

|F2) = ci1c3C284
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Results and Discussion

parameters:

me(MeV) a.(MeV) A(MeV) 7o(MeV) 7y(MeV) aee as
4978 98 -18.1 81.0 100.6  0.56 0.77

masses of mesons (unit:MeV):

Meson This work ChQMZ2[70] LP[73] EXP.(PDQG)

Ne 2980 2990 2983  2983.9+0.4
ne(25) 3637 3627 3635 3637.7+1.1
n(358) 4132 = 4048 ;

J /1 3100 3097 3097 3096.940.006
»(2S) 3713 3685 3679 3686.14+0.06
he 3508 3507 3522 3525.37+0.14
X0 3428 3436 3415 3414.7140.30
Xel 3493 3494 3516 3510.67+0.05
Ye2 3543 3526 3552 3556.17+0.07
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Results and Discussion

bound state calculation in cccc system with JP=0* (unit:MeV)

Channel
TeTlc
WL LT
Xe0X e
Xecl1Xel
Xc2Xe2
Yeo1hie
| B 5 B

Complete coupled-channels:

LS FC)
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There is no bound state below the below the

minimum threshold.’



Results and Discussion

Resonance state test and decay width

e A stabilization method (real scaling method)
J. Simon, J. Chem, Phys. 75, 2465 (1981).

e Gaussian size parameters rn are scaled by
multiplying one factor a : rn — arn.

e A compact resonance should not be affected by the
N variation of a while other continuum state will fall off
.................................................. "-.,_" towards its threshold.

P e A resonance state shall emerge as avoid-crossing
structures periodically.

Energy(MeV)

1.0 15 2.0 L0 15 2.0

(@) (b)

e Decay width

e V(o) is the minimum energy difference between

m contimuum state and resonance.
I' =4V (a) ir_i_f_l. e k. and k, stand for the slopes of scattering state and
=

resonance state at the avoid-crossing point respectively.




Results and Discussion

e Four colorful channels

7300 : : - : ! : : : X R(7280)

7200 F =R (7210)
{ R{7160)

TI.{I[::I -. ........ i.-l.lilili: ---------- AR R PR R R R RN 55 BEEiiE i ‘...-HIZFI:}HU.:I

7000 freeerrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrreerrrrrrrrererseeren (L (7000

o —— e R
6900 E TRAb820)
....................................................................... R(6850)

6800 7

T
h = — .
T U i e siciieeiesiiieiesitesiicsiteietediiesieicaliediesiedfiaiceiieieifiilicsiicsitcsiiicsltcsitesiiteslieiiieieeiiseslieslilive e il iesilesiliosiiicciicsiiesiiicsiiveilicsiieiiieiiivssiictiveiinsiiiiliviceilieiiicili r[hf
L
- -

Energy (MeV)

6600 = R{G610)

6200 =

FA00 fasssssssssosssssississsssiassisosstiiastisiisssstsssitesissssssssssnss R (6390)

6300 R(6300)

EEGD 5 1 L 1 L 1 L 1 5
1.0 1.2 1. 4 1. 6 1.8 2.0

19



Results and Discussion i
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Results and Discussion

e Four colorful channels
+ open channel J/¢.J/v
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Results and Discussion

—

e Four colorful channels
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Results and Discussion

e Four colorful channels
+ open channel xc1xe
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Results and Discussion

e Four colorful channels
+ open channel xc2xec2
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Results and Discussion

e Four colorful channels 7300 S R(T280)

+ open channel Xxcihec sl Ir(7210)
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Results and Discussion

e Four colorful channels
+ open channel h.h.
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Results and Discussion
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Results and Discussion

TABLE VI. Various decay channels and corresponding decay
widths of the obtained resonances. (unit: MeV)

Decay channels  R(6920) R(7160) R(7000) R(7080)

NeMe 1.1 9.3 7.9 12.4
J/ T/ 9.8 22.9 10.3 1.9
X c0Xe0 0.2 30.1 26.2 34.8
Xe1Xel - 2.7 0.2 1.8
Xe2Xc2 - 2.5 - -

Xc1he - 0.4 - 0.3

hehe - 4.9 - 8.8

Total 10.1 77.8 44.6 60.0
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Summary

e There is no bound state below the below the minimum
threshold in cccc system.

e Four resonance states are obtained:

resonance width
R(6920) ['=10.1 MeV
R(7000) I'=77.8 MeV
R(7080) ['=44.6 MeV
R(7160) ['=60.0 MeV
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Thanks for your attention !
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