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Background & Motivation: Hadronic molecule
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= 1,     no interaction
> 1,              attractive
< 1,               repulsive

Definition
What are the true natures of excited hadrons?
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Background & Motivation: Progress and Limitation
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�(����), �� = �/�− �(����), �� = ?−

��(�(����) → ��) (��~��)%
��(�(����) → ��) (��~��)%

��(�(����)− → �−��) ��−��
+�� %

��(�(����)− → ���−) ��−�
+��%

Only s-wave

�+� �+�� �−�

S.-W. Liu, Phys. Rev. D 112, 034027 (2025)
R. Molina, Eur. Phys. J. C 84, 328 (2024)

�−�

Z.-W. Liu, Phys. Rev. D 107, 074019 (2023)

��

Y. Kamiya, Phys. Rev. Lett. 124, 132501 (2020) J. Haidenbauer, Nucl. Phys. A 981, 1-16 (2019)

Higher waves are necessary!
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2026-5-16 52026年轻强子专题研讨会

Correlation function
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Background & Motivation:  �(����), �(����) and ��(����)
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Formalism: Correlation function 
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Emitting Source

�(�) =
1

(4��2)3/2 �− � 2
4�2

Correlation Analysis Tool using the Schödinger equation
(CATS) Formalism

Lednický–Lyuboshits 
(LL) Formalism

Koonin-Pratt 
(KP) Formalism

 −
ℏ2

2�
�2 + �(�) �(�) = ��(�)

� = � + ���,          � = � + ���

�(�) = �−���cos� + �(�)
�−���

�
,    �(�) =

1
�0

−1 + 0.5�0�2 − ��

�(�) =  �3� �(�)  �(�) 2

�(�) =
�(�1, �2)

�(�1)·�(�2)

D. L. Mihaylov, Eur. Phys. J. C 78, 394 (2018)

S. Pratt, Phys. Rev. D 53, 1219 (1984)

R. Lednický, Sov.J.Nucl.Phys. 35, 770 (1982)



Formalism: Correlation function with general partial waves
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Interaction potential  �’ � � 
s wave[1-4] constant or �(�)

general wave[5-7] �(2� + 1)��(cos ��’� ) �’ � � �

Scattering wave function �(�)

s wave �0(��) + �(�),     �(�) =  
0

�
�3� �0(��)�(�)�(�, �)

general wave (2� + 1)��(cos ��� )  ��(��) + �(�) ,  �(�) =  
0

�
�3� ��(��)�(�)�(�, �)

Correlation  function �(�)

s wave 1 +  �3� �(�)   �(�) 2 +  2�� �0(��)�(�)  

general wave 1 + (2� + 1)  �3� �(�)   �(�) 2 +  2�� ��(��)�(�)  



Results: Properties of the resonance
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Analytic continuation of the propagator
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Results: Formalism for studing the �(����)
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��(�) = 1 + ∑�(2��� + 1)  �3� �(�)   ���(��) 
2 + ��� 2��  ����(���)���(��)  

Lippmann-Schwinger equation 

Potential  

� = � + ���,          � = � + ���

Correlation function with general partial waves in coupled channels 

� =  
0

� �3�
(2�)3

2�(�� + ��)�2�

2����(� − (�� + ��)2 + ��)

ℒ =− ���    ��D

F. Aceti, Phys. Rev. C 90, 025208 (2014)

Chiral lagrangian  

cutoff method



Results: Application to the �(����)
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1. Correlation function of �−�

3. Properties of �(����)

Mass (MeV) Width (MeV) Br �(����) → �� Br �(����) → �� ��� ���

This work 1519.75 13.14 40 % 47 % 0.43 0.24

PDG 1519.4±0.2 15.7±0.3 (45~47) % (42~46) %

2. Scattering amplitude 
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Results: Predictions of �(����), �(����) and ��(����)
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�(����) �(����) ��(����)

J.-X. Lin, arXiv: 2603.18610 V. R. Debastiani, Phys. Rev. D 97, 094035 (2018)S. Sarkar, Eur. Phys. J. A 44, 431-443 (2010)



Results: Predictions of �(����), �(����) and ��(����)   
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�(����):

�(����):

��(����):

�(����)

���
��� = 0.99 ± 0.26 ± 0.06

� = 2012.5 ± 0.6 MeV

� = 6.4−2.6
+3.0 MeV

Experiment

���
��� = 0.75

� = 2012.68 MeV

� = 3.24 MeV

Theory
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Summary
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p A formalism incorporating the femtoscopy correlation function with general partial 
waves is established.

p This formalism is successfully applied to the �(1520) , �(2012) , �(2380)  and 
��(3120) systems.

1. Successfully explained the peak caused by �(1520)  in the ��−� , and calculated its hadronic 
molecule properties.

2. Predicted the correlation functions of �(2012) , �(2380)  and ��(3120) , and pointed out the 
"golden observation channel" for future experiments.



中国科学院近代物理所
INSTITUTE OF MODERN PHYSICS

Thanks for your listening!


