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Motivation

Observation of 𝐺 3900 [1]

Consistent with previous 

measurements[2-4]
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Possible interpretations:
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𝐺 3900 : Possible P-wave resonance?

[1]. Z. Y. Lin, J. Z. Wang, J. B. Cheng, L. Meng, S. L. Zhu, PHYSICAL REVIEW LETTERS 133, 241903 (2024)

[2]. J. R. Taylor, Scattering Theory: The Quantum Theory of Nonrelativistic Collisions

Mass:

Width:
Very close to the 𝐷ഥ𝐷∗ threshold
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State 𝐼𝐺(𝐽𝑃𝐶) Mass Width Threshold

𝑍𝑐(3900)
±[1] 1+(1+−) 3887 ± 3 28 ± 3 𝐷ഥ𝐷∗(3876)

𝑍𝑐(4020)
±[1] 1+(??− ) 4024 ± 2 13 ± 5 𝐷∗ഥ𝐷∗(4017)

𝑍𝑏(10610)
0[1] 1+(1+−) 10607 ± 2 18 ± 2 𝐵 ത𝐵∗(10604)

𝑍𝑏(10650)
0[1] 1+(1+−) 10652 ± 2 12 ± 2 𝐵∗ ത𝐵∗(10650)

State 𝐼(𝐽𝑃) Mass Width Threshold

𝑍𝑐𝑠(4000)
+[2] 1

2
(1+) 4003−15

+7 131 ± 30 𝐷𝑠ഥ𝐷
∗ + 𝐷𝑠

∗ഥ𝐷(3977)

𝑍𝑐𝑠(4220)
+[2] 1

2
(1+)

4216−38
+49 233−90

+110 𝐷𝑠
∗ഥ𝐷∗(4121)

[1] Prog. Theor. Exp. Phys. 2022, 083C01 (2022).

[2] Phys. Rev. Lett. 127, 082001 (2021).

Possible interpretations: Molecular state, virtual state, tetraquark, 

kinematical effects (cusp effect, rescattering effect).

𝐽𝑃𝐶 = 1+−

?



Framework

Effective 

potential
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E. Epelbaum, W. Glockle and U. G. Meissner, Nucl. Phys. A 747, 362-424 (2005).



L: angular momentum

s: total spin

J: total angular momentum

I: total isospin

c: C-parity 

Effective 

potential
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Only include Lowest 

order contribution



Heavy quark symmetryEffective potential
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Lippmann-Schwinger equation (LSE) 

Λ = 0.5 GeV

Two types of FF Bound/virtual states:

Resonance:
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Relating 𝐷(∗)ഥ𝐷(∗) to 𝐵(∗) ത𝐵(∗)

State Mass Width Threshold

𝑍𝑐(3900)
± 3887 ± 3 28 ± 3 𝐷ഥ𝐷∗(3876)

𝑍𝑐(4020)
± 4024 ± 2 13 ± 5 𝐷∗ഥ𝐷∗(4017)

𝑍𝑏(10610)
0 10607 ± 2 18 ± 2 𝐵 ത𝐵∗(10604)

𝑍𝑏(10650)
0 10652 ± 2 12 ± 2 𝐵∗ ത𝐵∗(10650)
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S/P/D-wave pole trajectories
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Numerical results and discussion
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Results for P-wave resonance

Mass:

Width:
𝐺(3900) Exp:

1. 𝐷∗ഥ𝐷∗ partner of 𝐺(3900)
2. 𝐵(∗) ത𝐵∗ partner of 𝐺 3900
Also predicted within the OBE [1,2] 

1. J. Z. Wang, Z. Y. Lin, J. B. Cheng, L. Meng and S. L. Zhu, arXiv:2505.02742 

2. Z. P. Wang, F. L. Wang, G. J. Wang and X. Liu, arXiv:2505.03647
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Results for D-wave resonance
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