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Hadron spectra and hadron structures：Exotic states

Hadronic molecule

Compact multiquark
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Exotic structure in 𝐵 → 𝐷(∗)𝐷𝑠
+ 𝜋+𝜋− decays

LHCb, arXiv:2411.03399

𝐵 → 𝐷 ∗ 𝐷𝑠1(2460)

𝐷𝑠
+ 𝜋+𝜋−
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𝐷𝑠1 2460 exotic structure
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Coupled-channel effect

1. Yu. S. Kalashnikova, Phys.Rev.D 72, 034010 (2005)

☞ Charmonium

2. F.-K. Guo, S. Krewald, and U.-G. Meißner, Phys.Lett.B 665,157 (2008)

Z.-Y. Zhou and Z. Xiao, Phys. Rev. D 84, 034023 (2011)

☞ Charmed and charmed-strange spectra 

3. Y. Lu, M. N. Anwar, B. S. Zou, Phys.Rev.D 94, 034021 (2016)

☞ Bottomonium

……

• Coupled-channel effect due to hadron loop could cause sizable mass shift 

on the state in quark model.
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Theoretical interpretation

• Molecular 𝐷𝑠1 2460 [𝐷∗𝐾,𝐷𝑠
∗𝜂] state decay

Roca, Dias and Oset, arXiv:2502.18401
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Theoretical interpretation

• 𝐷𝑠𝜋 − 𝐷𝐾 coupled channel scattering: 𝑇𝑐 ҧ𝑠 resonances is dynamically generated from 

the pseudoscalar-pseudoscalar meson interaction within the chiral unitary approach.

ZY Wang, YS Li and SQ Luo, Phys.Rev.D 111 (2025) 7, 076009
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Theoretical interpretation

• 𝐷𝑠𝜋 − 𝐷𝐾 coupled channel scattering: 𝑇𝑐 ҧ𝑠 resonances is dynamically generated from 

the pseudoscalar-pseudoscalar meson interaction within the chiral unitary approach.

ZY Wang, YS Li and SQ Luo, Phys.Rev.D 111 (2025) 7, 076009

• A pole at 𝑠𝑝 = (2.394 − 0.057𝑖)GeV on the second Riemann 

sheet; a pole at 𝑠𝑝 = (2.246 − 0.093𝑖)GeV on the third Riemann 

sheet.

F.F. Guo, C. Hanhart and U.G. Meissner, 

Eur. Phys. J. A40, 171-179(2009)



Our model
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• The feynman diagrams

• The amplitude
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Our model

• For the T-matrix, 

𝑇 𝑘𝐷∗ , 𝑘𝐷∗
′ ; 𝐸 = 𝒱 𝑘𝐷∗ , 𝑘𝐷∗

′ ; 𝐸 +න𝑑 Ԧ𝑞
𝒱 𝑘𝐷∗ , Ԧ𝑞; 𝐸 𝑇 Ԧ𝑞, 𝑘𝐷∗

′ ; 𝐸

𝐸 − 𝑚𝐷
2 + 𝑞2 − 𝑚𝐷∗

2 + 𝑞2 + 𝑖𝜖

Similar for 𝑉𝐷𝐾→𝐷𝑠𝜋
𝐷∗

. The resulting effective potential reads 

𝒱𝐷𝐾→𝐷𝑠𝜋
𝐾∗

=
𝑔𝐾∗

𝑚𝐾∗
2 𝑝1 + 𝑝3 𝜇 𝑝2 + 𝑝4

𝜇

𝛼, 𝛽 = 1,2 for 𝐷𝑠𝜋 and 𝐷𝐾 channel, respectively. The cutoff for these two 

channels can be different. 



UV divergence in the triangle loop
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• The amplitude

• Regularize the loop integral using dimensional regularization, and use 

the Msbar renormalization scheme.

• S- and D-wave coupling



Fit to the experimental lineshapes
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• 𝜒2/𝑑𝑜𝑓 =1.5

Experimental position

LHCb, arXiv:2411.03399

• The parameters of the model determined from the fit：

• The pole position (in second Riemann sheet) is：



Dalitz plot
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LHCb, arXiv:2411.03399



• 𝐷𝑠1 2460 → 𝐷𝑠
+ 𝜋+𝜋−

• 𝐷𝑠1 2536 → 𝐷𝑠
+ 𝜋+𝜋−

Is possible to investigate the structure of 𝐷𝑠1 states?
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𝐷𝑠1 exotic structure
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Coupled-channel framework

Quark pair creation model (QPC):

truncate the hard vertices given 

by usual QPC
P. G. Ortega, et al, 

Phys. Rev. D 94, 074037 (2016) 

Effective Lagrangian: (exchanging mesons, e.g. 𝜌/𝜔)

Form factor:

Yang, Wang, Wu, Makoto,  Zhu Phys.Rev.Lett. 128,112001(2022)

• Quark model bare state + hadronic molecule



Component and pole mass of 𝐷𝑠 states
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𝐷𝑠1(2460)

• Both the bare 𝑐 ҧ𝑠 core and molecular components are significant and essential.

𝐷𝑠1(2536)

• Mainly pure 𝑐 ҧ𝑠.

Yang, Wang, Wu, Makoto,  Zhu Phys.Rev.Lett. 128,112001(2022)



Coupling of 𝐷𝑠1 to 𝐷∗𝐾 (preliminary)
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• The coupling can also obtained using the experimental branching fractions:

❖ 𝐷𝑠1(2460)

Particle Data Group

• Fit to the experimental data

• The coupling of 𝐷𝑠1 to 𝐷∗𝐾 can be obtained from the residue of the T-matrix:

❖ 𝐷𝑠1(2536)

❖ S- and D-wave coupling



Estimate the lineshape for 𝐷𝑠1(2536) decay(preliminary)
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• SS: same sign; OS: opposite sign for the

S- and D-wave coupling

• SS and OS are for two choice of the 

phase for the S- and D-wave coupling.

• The two peak structure in the case of OS 

is not as obvious as that in Ds1(2460).



Summary
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• The 𝑇𝑐 ҧ𝑠 lineshape can be discribed through 𝐷𝑠𝜋 − 𝐷𝐾 coupled-channel 

interactions, revealing how off-diagonal potential terms generate the observed 

resonance pole; 

• Predictive calculations for 𝐷𝑠1(2536) decays using structural parameters.



Backup slides：Fit the lattice data of 𝐷s(2317,2460,2536)
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(𝐻0+𝐻I)| ۧΨ = 𝐸| ۧΨ

Eigenvalues Lattice levels

Fit Postpredict

Lattice data from: C. B. Lang et al.,  Phys. Rev. D 90, 034510 (2014); 

G. S. Bali et al., Phys. Rev. D 96, 074501 (2017) 



Backup slides：Component and pole mass

In the infinite volume, the scattering T-matrix reads  

where the effective potential reads  

(𝐻0+𝐻I)| ۧΨ = 𝐸| ۧΨ

Eigenvector Component

T-matrix Pole mass

• Component

• Pole mass
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