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Outline

P-wave 𝐷ഥ𝐷∗ resonance candidate: 𝐺(3900)

Robustness for the existence of P-wave vector  𝐷ഥ𝐷∗ resonance
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P-wave resonance mechanism

𝑋1(2900) as the P-wave ഥ𝐷∗𝐾∗ resonance
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Outlook: studying general behavior of P-wave hadron-hadron 

scattering at STCF
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⚫ Broad structure near 𝐷ഥ𝐷∗ threshold, referred to as 

(Belle Collaboration),Phys. Rev. D 77, 011103 (2008)(BaBar Collaboration), Phys. Rev. D 76, 111105 (2007), 

𝑮(𝟑𝟗𝟎𝟎) structure

G(3900)

𝜓(4040)

𝜓(3770)
fitted with Gaussian functionThe charmoniumlike state with JPC = 1−− 

Mass: 3872.5 ± 14.2 ± 3.0 MeV

Width: 179.7 ± 14.1 ± 7.0 MeV
𝑆 σ > 20
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Background-G(3900)

⚫ Cornell model
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Y.J. Zhang and Q. Zhao, 
Phys. Rev. D 81, 034011 (2010)

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

D 94 (2016) 9, 096006

⚫ kinematic effect at the threshold

⚫ coupled-channel effects driven by 
the contact interactions
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Formalism – P-wave resonance

P-wave resonance mechanism

⚫ As the attraction being weaker, p-wave bound state naturally turns 

resonances.

⚫ This resonance is different to Feshbach resonance (bound states 

coupled with open channels)

J. R. Taylor, Scattering Theory: 

The Quantum Theory of Nonrelativistic Collision
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• By applying a  model, the DഥD∗ interaction can be restricted by the well-known 
S-wave X 3872 or Tcc.

• Thus, the prediction on the corresponding P-wave dimeson states should be 
reliable.

• The predictions on possible P-wave DഥD∗ poles are fully based on a dynamical 
calculation, which does not depend any experimental information of G(3900).

The dynamical calculation of the P-wave DഥD∗ interaction 

A basic idea:
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• The hadron-hadron interactions are fullfilled with pseudoscalar and vector meson exchange 

• The OBE model had succeed in decribing the 𝑿(𝟑𝟖𝟕𝟐) and predicting the existence of  𝑻𝒄𝒄
+ .

• Our work proves that the Zc(3900) can also be interpreted as virtual state in OBE model.

Formalism – OBE model

N. Li and S.-L. Zhu, 
Phys. Rev. D 86, 074022 (2012)

N. Li, Z.-F. Sun, X. Liu, and S.-L. Zhu Phys. Rev. D 88,114008 (2013)

𝑋(3872)

𝑻𝒄𝒄
+
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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.  

Partial-wave potentials 𝑉 𝑝, 𝑝′ for different exchanged mesons: (𝑝′ = 𝑝 in the figure)
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Unified description of 𝑫ഥ𝑫∗/𝑫𝑫∗ molecules

⚫ Fix the cutoff to simultaneously generate 

loosely bound 𝑋 3872 , 𝑇𝑐𝑐
+, we obtain:

1. virtual state 𝑍𝑐 3900

2. a new pole: p-wave resonance 𝑮(𝟑𝟗𝟎𝟎)

⚫ Potentials can be related each other 

⚫ The same set of parameters

⚫ Poles derived by complex scaling method /  

Lippmann-Schwinger equation
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More P-wave DഥD∗ molecular resonances

𝟏+−: 𝜂𝑐𝜔, 𝐽/𝜓𝜂, 𝐽/𝜓𝜋𝜋 𝟎−+: 𝜂𝑐𝜋𝜋, 𝐽/𝜓𝜔, , 𝜒𝑐1𝜋𝜋 𝟐−+: 𝐽/𝜓𝜔, 𝜒𝑐1𝜋𝜋 𝟐−−: 𝜂𝑐𝜔, 𝐽/𝜓𝜂
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Discussion – Robustness of our conclusion

⚫ Higher partial waves are dominant by long-range interactions (one pion exchange)

⚫ P-wave interactions fixed by S-wave states ------ cutoff independent

⚫ We study the theoretical systematic uncertainty from coupling constants in model.

⚫ We also test the influence of coupled-channel effects, three-body effects and recoil 

correction (spin-orbit force) on 𝐺(3900).
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⚫ Randomly adjust the coupling constants in OBE to reproduce a shallow 

bound 𝑇𝑐𝑐 and 𝑋(3872)

⚫ 𝑍𝑐 as a virtual state ranged from -35 to -15 MeV (which mainly the 𝜎
coupling 𝑔𝑠)

⚫ The pion coupling 𝑔𝑎 fixed by 𝐷∗ → 𝐷𝜋

⚫ Then we obtain a pole position distribution

of 𝐺(3900)

Robustness of our conclusion-coupling constant 
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Robustness of our conclusion- correction contribution  

Coupled-channel calculation

The DDpi three-body effect
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Robustness of our conclusion- correction contribution  

Recoil correction
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⚫ 𝑿𝟎 𝟐𝟗𝟎𝟎 & 𝑿𝟏(𝟐𝟗𝟎𝟎) seem a pair of S-wave and P-wave molecules like 𝑿 𝟑𝟖𝟕𝟐 & 𝑮(𝟑𝟗𝟎𝟎)

𝑱𝑷 = 𝟎+ 𝑱𝑷 = 𝟏−

Extension: 𝑿𝟏(𝟐𝟗𝟎𝟎) as the P-wave ഥ𝑫∗𝑲∗ resonance
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Double pole structure:𝑿𝟏(𝟐𝟗𝟎𝟎) as the P-wave 
ഥ𝑫∗𝑲∗ resonance

⚫ 𝑋0 2900 , 𝑋1(2900) and an additional 1− state

⚫ Dependency on the unknown parameter 𝜆′

𝑇𝑐𝑠0 2900 ∼ 1 𝑆0

𝑇𝑐𝑠1 2900 ∼ 1𝑃1 +
5𝑃1

𝑇𝑐𝑠1
′ 2900 ∼ 3𝑃1
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Summary and outlook

⚫ Model-based calculation: unified description of 𝑋 3872 , 𝑇𝑐𝑐
+ , 𝑍𝑐 3900 and 

𝐺(3900), with additional states predicted

⚫ Robustness from the pion exchange and P-wave mechanism and small 

influence from various effects 

⚫ P-wave scattering dynamics exhibit new behaviors compared to S-wave 

hadron-hadron scattering.

⚫ STCF will be an excellent platform to study the general behaviors of P-wave 

hadron-hadron scattering dynamics, which involves various systems such as 

charmed and anti-charmed meson, charmed and anti-charmed baryon, and 

double charmonium scattering.

Thanks for your attention!
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