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Background：Strong-Spectrum-Reaction

Hadron state：
meson，baryon//Exotic

Quark Model

Coupled channel

NPHF
NonPerturbative Hamiltonian Framework

A more comprehensive framework 

for systematically describing 

hadrons

Not only one, at least 

a set of hadron.

quark level && 

hadron level.
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NPHF：bare state + hadron channel
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S-wave
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Mass stable vs GI model 
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𝑫𝒔𝜼𝑫𝑲

𝑫𝒔𝟎(𝟐𝟑𝟏𝟕)

𝑩𝒂𝒓𝒆 𝑴𝒂𝒔𝒔

Preliminary
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𝐵 → 𝐷 ∗ 𝐷𝑠1 2460 → 𝐷 ∗  𝐷𝑠
+ 𝜋+𝜋− decays

LHCb Sci.Bull. 70 (2025) 1432

𝐷𝑠 → 𝐷𝑠𝜋 Isospin breaking
𝐷𝑠

+𝜋+，𝐷𝑠
+𝜋0，𝐷𝑠

+𝜋− are isospin triplet 
      – Four quark state
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𝐵 → 𝐷 ∗ 𝐷𝑠1 2460 → 𝐷 ∗  𝐷𝑠
+ 𝜋+𝜋− decays

LHCb Sci.Bull. 70 (2025) 1432

Tang, Lin, Guo, 

Hanhart and Meissner, 

Commun. Theor. Phys. 

75 (2023)5 055203
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𝐷𝑠1 2460 → 𝐷𝑠
+ 𝜋+𝜋−

Z. Yang, G.-J. Wang, J.-J. Wu, M. Oka, 2510.01564

ZY Wang, YS Li and SQ Luo, PRD 111 (2025) 7, 076009

Missing the triangle loop, losing the 
nature of 𝐷𝑠1(2460)

Roca, Dias and Oset, Eur.Phys.J.C 85 (2025) 7, 808

Missing the coupled channel effect of 𝐷𝑠𝜋 − 𝐷𝐾
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𝑫𝒔𝟏(𝟐𝟓𝟑𝟔):

𝑫𝒔𝟏(𝟐𝟒𝟔𝟎):

LHCb，JHEP 

10 (2023) 106 
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Elegant model.

1. We successfully combine two Ds1 states together.

2. Various free parameters are combined together.

3. We seriously consider the T matrix of 𝐷𝑠𝜋 − 𝐷𝐾 scattering.
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Elegant model.

1. We successfully combine two Ds1 states together.

2. Various free parameters are combined together.

3. We seriously consider the T matrix of 𝐷𝑠𝜋 − 𝐷𝐾 scattering.

𝒓𝟏

𝒓𝟐𝒆𝒊𝝓
𝒎𝒇𝟎

, 𝚪𝒇𝟎

𝚲𝟏, 𝚲𝟐, 𝒈𝑲∗



𝐷𝑠1 → 𝐷𝑠
+ 𝜋+𝜋−

𝐼 = 0, 𝑉𝜌 + 𝑉𝜔 < 0 
𝐼 = 1, 𝑉𝜌 − 𝑉𝜔 ∼ 0

𝑉 ∼ 0

𝑉 ≠ 0
𝑇 = 1 − 𝑉𝐺 −1𝑉

 → det 𝑇−1 ⋉ (1 − 𝑉2𝐺𝐷𝐾𝐺𝐷𝑠𝜋)

For 𝐷𝐾, effective potential is 𝑉2𝐺𝐷𝑠𝜋

For 𝐷𝑠𝜋, effective potential is 𝑉2𝐺𝐷𝐾

Control  the value of cut 
off will adjust the effective 
potential.
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Elegant model.

1. We successfully combine two Ds1 states together.

2. Various free parameters are combined together.

3. We seriously consider the T matrix of 𝑫𝒔𝝅 − 𝑫𝑲 scattering.



𝐷𝑠1 → 𝐷𝑠
+ 𝜋+𝜋−

Z. Yang, G.-J. Wang, J.-J. Wu, M. Oka, 2510.01564

𝜒2/𝑑𝑜𝑓 

=1.43

𝐷𝑠1(2460)

If a stricter cut is 

applied, for instance, 

𝑚 𝜋+𝜋− > 0.45 GeV , 

the two-peak structure 

will appear. 

𝐷𝑠1(2536)
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Summary
• The strong interaction involves physics at two distinct levels and is 

extremely complex.

• We introduce the NonPerturbative Hamiltonian Framework (NPHF) 

approach, which connects the quark-gluon level to the hadronic level via a 

bare state, establishing a coupled-channel model with varying numbers of 

hadrons to achieve a comprehensive understanding of hadron properties.

• Using lattice QCD data, we explain why the masses of 𝐷𝑠0 2317  and 

𝐷𝑠1(2460) are lower than predictions from conventional quark models, 

while those of 𝐷𝑠1 2536  and 𝐷𝑠2(2573) agree well. 

• It further elucidates the 𝐷𝑠1 2460 → 𝐷𝑠𝜋𝜋, reveals the existence of the 

𝑇𝑐 ҧ𝑠 state, and predicts the 𝐷𝑠1 2536 → 𝐷𝑠𝜋𝜋.
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