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Outline

The background of the vector charmoniumlike state 

around 3.9 GeV

The unified description of doubly charmed molecules 

X(3872), 𝑻𝒄𝒄
+ , 𝒁𝒄(𝟑𝟗𝟎𝟎) and Y(3872)

Predictions for more P-wave 𝐃ഥ𝐃∗ resonances
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N. Li and S.-L. Zhu Phys. Rev. D 86, 074022 (2012)

X(3872)

The one-boson exchange model

N. Li, Z.-F. Sun, X. Liu, and S.-L. Zhu Phys. Rev. D 88,114008 (2013)The prediction for the existence of 𝑇𝑐𝑐
+
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arXiv: 2402.03829 

Mass: 3872.5 ± 14.2 ± 3.0 MeV

Width: 179.7 ± 14.1 ± 7.0 MeV
𝑆 σ > 20

The charmoniumlike state with JPC = 1−− 

A P-wave 𝐃ഥ𝐃∗ molecule? 

(Belle Collaboration),

Phys. Rev. D 77, 011103 (2008)

(BaBar Collaboration),

Phys. Rev. D 76, 111105 (2007), 
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Y.J. Zhang and Q. Zhao, Phys. Rev. D 81, 034011 (2010)The 𝐃ഥ𝐃∗ threshold effect

The pole from the coupled channel effect

M.L. Du, U. G. Meissner and Q. Wang Phys. Rev. 

D 94 (2016) 9, 096006
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The dynamical calculation of the P-wave DഥD∗ interaction 

By applying the OBE model, the DഥD∗

interaction can be restricted by the S-
wave 𝑿 𝟑𝟖𝟕𝟐 or 𝑻𝒄𝒄, so the prediction
on the corresponding P-wave
molecular states should be reliable.

J. R. Taylor, Scattering Theory: The Quantum 

Theory of Nonrelativistic Collision

Heavy meson Lagrangians
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Operation: 𝑈 𝜃 𝑟 = 𝑟𝑒𝑖𝜃 , 𝑈 𝜃 𝑘 = 𝑘𝑒−𝑖𝜃

Complex scaling method (CSM) 

Aguilar, Balslev and Combes (ABC theorem)

Commun. Math. Phys. 22, 269 (1971); Commun. Math. Phys. 22, 280 (1971);
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Complex scaling method (CSM) 

1. The solution to the virtual state pole

The development of CSM by our group

2. Complex scaled Lippmann-Schwinger equation

Y.K. Chen, L. Meng, Z. Y. Lin and S. L. Zhu 

Phys. Rev. D 109 (2024) 3, 034006

J.Z. Wang, Z. Y. Lin and S. L. Zhu, Phys. Rev. 

D 109 (2024) 7, L071505



Nonlocal Regulator:

Partial wave decomposition of
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The partial-wave DഥD∗ interaction(I=0)

𝑿 𝟑𝟖𝟕𝟐 𝟏−−(Attractive) (Attractive)𝟏+− 𝟏-+ (Repulsive) (Attractive)

The P-wave interaction is dominated by the long-distance pion-exchange.  
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The pole trajectories

Y(3872)
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More P-wave DഥD∗ molecular resonances
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Regulator independence !

Local Regulator:
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Summary

The P-wave resonance is less sensitive to the potential shape 

compared with the S-wave resonance, so its theoretical 

prediction will be more reliable.

This behavior contributes to the dense population of P-wave 

resonances in both the 𝐷ഥ𝐷∗ / ഥ𝐷𝐷∗ and 𝐷𝐷∗ systems, which 

can be tested in the future experiments. 

The existence of the P-wave 𝐷ഥ𝐷∗ resonance with 𝐽𝑃𝐶 = 1−−

can be firmly established based on the scaling of the S-wave 

𝐷ഥ𝐷∗ dynamics.
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Thanks for your attention!
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