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➢ Spectra of two-body 𝐷𝐾 molecule and three-body 
ഥ𝐷𝑠𝐷𝐾 molecule

➢ Productions of 𝐷𝐾 and ഥ𝐷𝑠𝐷𝐾 molecules in B decays 

➢ Summary and Outlook



Exotic state 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)
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➢ Large mass deviation 

➢ Experimental measurements of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)

2003

𝑒+𝑒− → 𝐷𝑠
+𝜋0𝑋

𝐵 → 𝐷𝑠0
∗ (→ 𝐷𝑠

+𝜋0)ഥ𝐷

2017

𝑒+𝑒− → 𝐷𝑠
∗+(𝐷𝑠0

∗− → 𝐷𝑠
−𝜋0)

Inclusive process

Exclusive process

𝐷𝑠0
∗ (2317) = 2317.8 ± 0.5 +

𝑖

2
< 3.8

• Mass and width

• Decay Channel 

𝐷𝑠0
∗− → 𝐷𝑠

−𝜋0

160 MeV

𝐷𝑠0
∗ (2317) is regarded as an exotic state



Molecular interpretation of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)
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➢ Compact tetraquark ➢ Molecular interpretation

✓ Mass and mass splitting

✓ Narrow width

Maiani et al., Phys.Rev.D 71 (2005) 014028

ChPT Guo et al., Phys.Lett.B 641 (2006) 278-285

Lattice QCD   Liu et al., Phys.Rev.D 87 (2013) 014508

➢ Mixture of molecular and other component 

Guo, PoS LATTICE2022 (2023) 232
✓ Molecular component more than 70%

MoleculeBare states



Three-body hadronic molecule
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➢ Existence of three-body hadronic molecules

Nuclear Physics

Hadron Physics

Wu et al., Sci.Bull. 67 (2022) 1735-1738
Liu et al., Arxiv: 2404.06399

Experimental search for three-body hadronic molecule 
potentially verify the hadron-hadron interaction

➢ Verify hadron-hadron interactions



Experimental signal of three-body hadronic molecule
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➢ Two-body hadronic molecules

➢ Three-body hadronic molecules and the resonant states

Baryon-AntiBaryon

Three-body hadron 

Meson- Meson

L=1

L=0/2



Experimental observation of three-body molecule
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➢A good candidate: ഥ𝑫𝒔𝑫𝑲 molecule 

✓ No mixture of conventional hadrons

✓ Two-body subsystem can not bind

Contain exotic quantum number 

Suppressed by the OBE model or OZI rule

ഥ𝐷𝑠𝐷𝐾 I(𝐽𝑃𝐶) = 0(0−−)

58~65 MeV

✓ Low mass with hidden charm/strange quantum number

Can be observed at both 𝑒+𝑒− and pp collisions



Productions of 𝑫𝑲 and ഥ𝑫𝒔𝑫𝑲 molecules in B decays
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Decay modes PDG BarBar

𝐵+ → ᪄𝐷0𝐷𝑠0
∗+(2317) 0.80−0.13

+0.16 1.0 ± 0.3 ± 0.1

𝐵0 → 𝐷−𝐷𝑠0
∗+(2317) 1.06−0.16

+0.16 1.8 ± 0.4 ± 0.3

𝐵+ → ᪄𝐷∗0𝐷𝑠0
∗+(2317) 0.90−0.70

+0.70 0.9 ± 0.6 ± 0.2

𝐵0 → 𝐷∗−𝐷𝑠0
∗+(2317) 1.50−0.60

+0.60 1.5 ± 0.4 ± 0.2

𝐵+ → ᪄𝐷0𝐷𝑠1
+ (2460) 3.1−0.9

+1.0 2.7 ± 0.7 ± 0.5

𝐵0 → 𝐷−𝐷𝑠1
+ (2460) 3.5 ± 1.1 2.8 ± 0.8 ± 0.5

𝐵+ → ᪄𝐷∗0𝐷𝑠1
+ (2460) 12.0 ± 3.0 7.6 ± 1.7 ± 1.8

𝐵0 → 𝐷∗−𝐷𝑠1
+ (2460) 9.3 ± 2.2 5.5 ± 1.2 ± 1.0

➢ Explain these branching fractions 

➢ Explore the three-body molecule ഥ𝐷𝑠𝐷𝐾 in B decays
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➢ Spectra of two-body 𝐷𝐾 molecules and three-body 
ഥ𝐷𝑠𝐷𝐾 molecules

➢Productions of 𝐷𝐾 and ഥ𝐷𝑠𝐷𝐾 molecules in B decays 

➢Summary and Outlook



Productions of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎) in B decays
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➢Decay constants

➢Form factors 

Decay constants characterize the internal structure of exotic state



Calculating decay constants of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎)
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Coupling constants

Renormalization energy scale

➢ Effective Lagrangian approach

➢ Loop integral

Dimensional Regularization Scheme

Extracting decay constant

➢ Unknown parameters



Calculating decay constants of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎)
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➢ Coupling constants

඀ർ𝑘′ |𝑇|𝑘 = ඀ർ𝑘′ |𝑇|𝑘 + න
𝑑3 Ԧ𝑞

2𝜋 3 ඀ർ𝑘′ 𝑉 Ԧ𝑞 𝐺(𝑠) ඀ൻ Ԧ𝑞|𝑇|𝑘

Similar regularization approach



Calculating decay constants of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎)
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➢ Strong decay constants of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎)

➢ Decay constants of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎)

Decay constant of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕) is almost independent on the renormalization energy scale  



Production rates of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎) in B decays
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➢ Branching fractions of 𝑩 → ഥ𝑫(∗)𝑫𝒔𝟎,𝑺𝟏

Decay constants of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎) as the bare states

𝟕𝟎%

𝟓𝟎%

➢ Production rates of 𝑫𝒔𝟎
∗ (𝟐𝟑𝟏𝟕)and 𝑫𝒔𝟏(𝟐𝟒𝟔𝟎) in b-flavored decays

𝟏𝟎−𝟑

𝟏𝟎−𝟑

𝟏𝟎−𝟑

Production rates of 𝐷𝑠0
∗ and 𝐷𝑠1 in baryons are larger than those in meson



Productions of ഥ𝑫𝒔𝑫𝑲 molecule in B decays
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➢ The topological diagrams for b-baryon decays

➢ The ഥ𝑫𝒔𝑫𝑲 molecule coupling to the ഥ𝑫𝒔𝑫𝒔𝟎
∗ channel 

1 − 𝑍 = 𝑔2
𝜕𝐺 𝑠

𝜕 𝑠
|𝑠=4270 𝑔 = 15.79 GeV

10−6
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➢ Summary and Outlook



➢ With predominant 𝐷𝐾 molecular component of 𝐷𝑠0
∗ (2317), we predict a three-body 

hadronic molecule ഥ𝐷𝑠𝐷𝐾, and their productions in B decays. 

Summary and outlook

✓ From the perspective of B decays, the 𝐷𝑠0
∗ (2317) can not be explained as the pure hadronic 

molecule instead of mixture of molecule and other bare components.    
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✓ We firstly calculated the production rates of three-body ഥ𝐷𝑠𝐷𝐾 molecule in B decay (10−6)

➢ Available physical measurements to measure the three-body hadronic molecule

• Decay modes of ഥ𝐷𝑠𝐷𝐾 molecule and the efficiency of experimental measurements 

• Estimating the events of productions of three-body hadronic molecules with the B cross sections in 

LHC or e+e- collisions



Thanks for your attention! 



Backup
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➢ Strong decay of ഥ𝑫𝒔𝑫𝑲 molecule 

ഥ𝐷∗𝐷

ഥ𝐷∗
𝑠𝐷𝑠

𝐽/𝜓𝜂



Backup
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Productions of pentaquark states in b-baryon decays
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➢ Comparison with the final state interactions

Liu et al., ArXiv:2409.06539

➢ An approach to extracting the decay constants of hadronic molecules

Liu et al., Phys. Rev. D 109 (2024) 056014


