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Introduction

ü Conventional hadrons

ü Exotic hadrons

Meson

� 

� 

Tetraquark

� 

� � 

� 

Baryon

� 

� 
� 

Pentaquark

� 
� 

� 
� 

� 

Molecule

� 
� 

� 
� 

Hybird

� � 
�

Glueball

�

�

······



üMass reverse problem
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�(����)  �(��) = �/�(�/�−)

�(1535)   �� = 1/2−    n=1     L=1

�(1440)   �� = 1/2+    n=2     L=0

�(1535)   �� = 1/2−

   �(1440)  �� = 1/2+

95 MeV

High mass vs. �(1440)

üCoupling to channels with strangeness
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üPART of theoretical interpretations of the �(����) 
n The lowest L = 1 orbital excited uud state with a large mixing of the  ��  �� � 

pentaquark component:

n Dynamically generated state:

n A three-quark core:
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��(980)  ��(���) = �−(�++)

�0(500) ≈ �0(980) < �0
∗(700) < �0(980)ü Conventional quark model

�0(500) < �0
∗(700) < �0(980) < �0(980)ü Experiment

Introduction
Quark u d s

Mass (MeV) 2.16±0.04 4.7±0.04 93.5±0.5
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�∗(892)                      ��

��         ��� ��          ���

�0(500)                 �� + ��

�0(980)                 �� − ��

�0(980)                      ��

�0
∗(700)                     ��



n �� molecular state:

n Compact tetraquark state:
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n Dynamically generated states:
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ü Chiral unitary approach ----Coupled channel Bethe-Salpeter equation

� =  1 − �� −1�= +
T V T V 

G +······

ü Charm baryon decay
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  �(����)--dynamically generated by the S-wave meson-baryon interaction

Formalism 

üQuark level diagram
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ü Flavor-wave functions of the baryon

� =
�(�� − ��)

2
� =

�(�� − ��)
2

Λ =
�(�� − ��) + �(�� − ��) − 2�(�� − ��)

2

ü  SU(3) pesudoscalar meson matrix
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����� =  ℎ��

��(����) = ℎ��������→�� + ℎ��������→�� + ℎ�Λ��Λ��Λ→��

Formalism

ü Components of the final states ü Final states interaction

ü Amplitude
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3
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isospin basis

  �(����)--dynamically generated by the S-wave meson-baryon interaction



Formalism

��� =− ���
1

4�2 (2 � − �� − ��) × (
�� + ��

2��
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� =  1 − �� −1�

üBethe-Salpetere quationü Loop function

  �(����)--dynamically generated by the S-wave meson-baryon interaction
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Y. Li, S. W. Liu et al. Phys. Rev. D 110 (2024) 7, 074010 10

���� =1150 MeV

��(����) = ℎ��������→�� + ℎ��������→�� + ℎ�Λ��Λ��Λ→��
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��(���)--dynamically generated by the S-wave meson-meson interaction

Formalism

üQuark level diagram ü Final states interaction

Ø Λ�
+ ⟹ �+(− 6
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ü Amplitude

���(���) = ℎ�+� ��+� ��+� →�+� + ℎ�+�0��+�0��+�0→�+�
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��(���)--dynamically generated by the S-wave meson-meson interaction

Formalism
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ü Loop function üBethe-Salpetere quation

���(���) = ℎ�+� ��+� ��+� →�+� + ℎ�+�0��+�0��+�0→�+�

J. J. Xie, L. R. Dai and E. Oset, Phys. Lett. B 742, 363 (2015)

(� = 93 MeV)
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ü Double differential width   �2Γ
�2��� �2��+�

= 1
(2�)3

4�Λ�
+��

32�Λ�
+

3 |ℳ|2

ü Total amplitude   ℳ = ℳ���� + ℳ�(1535) + ℳ�0(980)

Results



14

Results
ü The invariant mass distributions with phase interference

ℳ = ℳ���� + ℳ�(1535) + ℳ�0(980)���
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Results

ü The Dalitz plots

��+�
2   vs  ��+�

2���
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2



Summary
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ü The significant peak structure in the �� invariant mass distribution 

of the decay ��
+ → �+�� should be related to �(����).

ü A cusp structure in the �+� invariant mass distribution of the decay 

��
+ → �+�� should be related to ��(���).

ü More precise measurement results from future experiments will help 

us to better understand the nature of �(����) and ��(���).

Thanks for your attention !


