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Background: QCD color singlet

Meson

0

Baryon Hybrid Glueball Tetraquark Pentaquark Molecule
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Deuteron
loosely bound molecular state,composed by a proton and a neutron
�(��) = �(�+),   � =− �. ��� MeV,  � = �. ��� fm

• Long range：� ≥ ���；one-�-
exchange interacion dominant, 
attractive；

• Intermediate range：�. ��� ≤ � ≤
���；one-�-exchange interaction 
(two pion exchange process) ，
attractive；

• Short range：� ≤ �. ���；�, �-
exchange interaction，repulsive.

Effective potentials Wave functions

 S-D wave mixing：tensor force；
short range：��� ≫ ���，
important.

 ��(�) > ��(�)；S wave dominant，
loosely bound
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l Frequently deviated from the convention quark model as the masses, 
decay widths, various reactions, production and decay behaviors.

l Close to two hadrons thresholds, i.e., X(3872), Y(3940), Y(4140), 
Pc(4312), Pc(4440), Pc(4457)…    molecules?

Heavy flavor hadronic molecules exist or not?
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Theoretical explanations
Doubly charmed molecular states

Doubly charmed compact tetraquark states 
Q

Q�

�

Q
�

Q
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Earlier predictions for doubly charmed 
molecular states

Chin. Phys. Lett. 38, 092001 (2021)
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�∗+�� �∗��+

u The very tiny binding energy can amplify the isospin breaking effect.
u The interactions between the �∗+�� and �∗��+ are almost the same.
u If the Tcc is the �∗+�� molecule, there should exist the other 

�∗��+ molecule.
u A minor structure existing between the �∗+�� and �∗��+ threshold, a real 

structure? How to understand? Why is not significant?

���
+ = (�∗+�� + �∗��+)/ �
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One-boson-exchange (OBE) model

• 1935, Yukawa: pion-exchange and nucleon-nucleon interaction
• Nijimegen potential and Bonn potential: scalar meson � exchange~two � 

exchange；vector meson-�/� exchange~multi-� exchange

Yukawa, Proc. Phys. Math. Soc. Japan 17, 48 (1935)

1
• OBE model
• Scattering amplitude

2
• Breit approximation
• Effective potential in momentum 
space

3
• Fourier transformation
• Effective potential in coordinate 
space

One free parameter 
Form factor  ℱ(�2, �2) = Λ2−�2

Λ2−�2     �,   � and � are the cutoff, mass and four-
momentum of the exchanged meson, respectively.

N. A. Tornqvist, Z. Phys. C 61, 525 (1994)
N. A. Tornqvist, Nuovo Cim. A 107, 2471 (1994)�~�. � GeV 14



 Effective Lagrangians: Heavy quark symmetry and chiral symmetry
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�,  �,  �-exchange effective potentials: exactly the same 
�-exchange effective potential: very similar

Approximate relation
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Bound state solutions for the coupled �∗+��/�∗��+ systems with �� = �+

Numerical results 1: bound state properties

l Binding energy E=−259.90 
keV, overlaps with the mass 
of Tcc

l Typical loosely bound 
molecular state: root-mean-
square radius is 6.28 fm

l S–wave �∗+�� and 
�∗��+ components are 
dominant.

l Probabilities: 
�(�∗+��): �(�∗��+) =
��. ��%: ��. ��%

l The isospin breaking effect 
is very important.
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Existing a doubly charmed 
resonance ���

′

l ���
′  : not a shape-type resonance 

but a Feshbach-type resonance. 
l Disappear: turn off the 

contribution from the 
�∗��+ channel. 

l The isospin breaking effect plays 
a very important role in forming 
the ���

′  

Numerical results 2: resonance

Phase shifts for the coupled �∗+��/�∗��+ systems with �� = �+

A typical Breit-Wigner resonance: δ =(n+1/2)π
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Fitting the �����+ mass spectrum

Doubly charmed molecular state
�� = �. ���� GeV, Γ1 = 410 keV
The observed Tcc state
Dominant channel: S-wave �∗+��

�(�∗+��): �(�∗��+) = �. �: �

Doubly charmed resonance
�� = �. ���� GeV, �� = ��� keV
Dominant channel: S-wave �∗0�+

The minor structure
Why is not significant?

Conclusion

The isospin breaking effect does play an important role in generating this 
doubly charmed molecular tetraquark 18



���
+ :     �����+decay mode shall be the prime channels

���
+′:    ���+� and �+����decay mode shall be the prime channels

Decay behaviors

Mixing angle

���
+ :                 �(�∗+��): �(�∗��+) = �. �: �

Amplitudes

Decay ratios
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ü Perform an isospin breaking effect analysis on the coupled �∗+��/
�∗��+ systems with �� = �+

ü The observed ���
+  state can be explained as a doubly charmed 

molecular state, mainly composed by the S-wave �∗+�� 
channel

ü Predict a doubly charmed resonance ���
+′

20

Summary

�� = �. ���� GeV, �� = ��� keV

���+� and �+����decay modes shall be the prime channels

 Thanks  for your attention !


