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Exotic states
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Report of Li-Sheng Geng



𝑻𝒄ത𝒔𝟎(𝟐𝟗𝟎𝟎) at LHCb

 In 2022 ，LHCb Collaboration have reported two new open-flavored 

tetraquark states 𝐓𝐜 ҧ𝐬𝟎(𝟐𝟗𝟎𝟎)
𝟎[𝐜 ҧ𝐬ഥ𝐮𝐝] and 𝐓𝐜 ҧ𝐬𝟎(𝟐𝟗𝟎𝟎)

++[𝐜 ҧ𝐬𝐮 ҧ𝐝]

[PhysRevLett. 131 (2023) 4, 041902]
3



𝑻𝒄ത𝒔𝟎(𝟐𝟗𝟎𝟎) at LHCb

 𝐓𝐜 ҧ𝐬𝟎(𝟐𝟗𝟎𝟎)
𝟎[𝐜 ҧ𝐬ഥ𝐮𝐝] and 𝐓𝐜 ҧ𝐬𝟎(𝟐𝟗𝟎𝟎)

++[𝐜 ҧ𝐬𝐮 ҧ𝐝]

𝐓𝐜 ҧ𝐬𝟎(𝟐𝟗𝟎𝟎)
𝟎：M = 2.892 ± 0.014 ± 0.015 GeV,

Γ = 0.119 ± 0.026 ± 0.013 GeV, 

𝐓𝐜 ҧ𝐬𝟎(𝟐𝟗𝟎𝟎)
++: M = 2.921 ± 0.017 ± 0.020 GeV,

Γ = 0.137 ± 0.032 ± 0.017 GeV.

𝐉𝐏 = 𝟎+

4[PhysRevLett. 131 (2023) 4, 041902]



Interpretation of 𝑻𝒄ത𝒔𝟎(𝟐𝟗𝟎𝟎)
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 Compact tetraquark：

PRD107,096020(2023) : Constituent quark model

PRD106,096023(2022) : Multiquark color flux-tube model

EPJC84,1(2024) : QCD sum rule……

 𝑫∗𝑲∗ molecular state:

JPG50,055002 (2023) : QCD Sum rule

PRD 107, 034018 (2023) : The effective Lagrangian theory

PRD 107, 094019 (2023) : QCD two-point sum rule……

 Virtual state or cusp :

PRD107,056015(2023) : The interaction of the 𝑫∗𝑲∗ −𝑫𝒔
∗𝝆 channel

EPJC82,955(2022) : Triangle singularity……

 𝐓𝐜 ҧ𝐬𝟎 𝟐𝟗𝟎𝟎 𝟎 main decay modes:

➢ 𝑻𝒄ത𝒔𝟎 𝟐𝟗𝟎𝟎 𝟎 → 𝑫𝒔
+𝝅−

➢ 𝑻𝒄ത𝒔𝟎 𝟐𝟗𝟎𝟎 𝟎 → 𝑫𝟎𝑲𝟎

➢ 𝑻𝒄ത𝒔𝟎 𝟐𝟗𝟎𝟎 𝟎 → 𝑫𝐬
∗+𝝆−

➢ 𝑻𝒄ത𝒔𝟎 𝟐𝟗𝟎𝟎 𝟎 → 𝑫𝒔𝟏
+ 𝝅−

➢ 𝑻𝒄ത𝒔𝟎 𝟐𝟗𝟎𝟎 𝟎 → 𝐃∗𝟎 𝐊𝛑 𝟎

[PhysRevD.107.034018(2023)]



𝑩− → 𝑫𝒔
+𝑲−𝝅− PRD 109 (2024) 1, 014008
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 BABAR and Belle measurements

Belle dataBABAR data

[PhysRevLett 100 (2008) 171803] [PhysRevD 80 (2009) 052005]
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The transition amplitudes The mechanisms from the 

intermediate 𝑻𝒄ത𝒔𝟎(𝟐𝟗𝟎𝟎)

The decay amplitude

𝓣𝑻𝒄ത𝒔 = 𝓠𝝐 𝑽𝟏 ∙ 𝝐 𝑽𝟐 × 𝑪 + 𝟏
× [𝑮𝝆−𝑫𝒔∗+𝒕𝝆−𝑫𝒔∗+→𝑫𝒔+𝝅−

+𝑮𝑫∗𝟎𝑲∗𝟎𝒕𝑫∗𝟎𝑲∗𝟎→𝑫𝒔
+𝝅−]

𝒕𝝆−𝑫𝒔∗+→𝑫𝒔+𝝅− =
𝒈𝑻𝒄ത𝒔,𝝆−𝑫𝒔∗+𝒈𝑻𝒄ത𝒔,𝑫𝒔+𝝅−

𝑴
𝑫𝒔
+𝝅−

𝟐 −𝒎𝑻𝒄ത𝒔
𝟐 + 𝒊𝒎𝑻𝒄ത𝒔𝜞𝑻𝒄ത𝒔

𝒕𝑫∗𝟎𝑲∗𝟎→𝑫𝒔+𝝅− =
𝒈𝑻𝒄ത𝒔,𝑫∗𝟎𝑲∗𝟎𝒈𝑻𝒄ത𝒔,𝑫𝒔+𝝅−

𝑴
𝑫𝒔
+𝝅−

𝟐 −𝒎𝑻𝒄ത𝒔
𝟐 + 𝒊𝒎𝑻𝒄ത𝒔𝜞𝑻𝒄ത𝒔

Loop function

𝑮 = 𝒊∫
𝒅𝟒𝒒

(𝟐𝝅)𝟒
𝟏

𝒒𝟐 −𝒎𝟏
𝟐 + 𝒊𝝐

𝟏

(𝑷 − 𝒒)𝟐 −𝒎𝟐
𝟐 + 𝒊𝝐

𝑩− → 𝑫𝒔
+𝑲−𝝅− PRD 109 (2024) 1, 014008



𝑩− → 𝑫𝒔
+𝑲−𝝅− PRD 109 (2024) 1, 014008

8

 The mechanisms from the 

intermediate 𝑫𝟎
∗ (𝟐𝟑𝟎𝟎)

Hadronization

𝑯 = 𝝅−( 𝟏
𝟐
𝑫𝟎𝝅𝟎 + 𝟏

𝟑
𝑫𝟎𝜼 + 𝑫+𝝅− +𝑫𝒔

+𝑲−)

The decay amplitude

𝓣𝑫𝟎
∗ (𝟐𝟑𝟎𝟎) = 𝓠′(𝑪 + 𝟏)[𝒉𝑫𝒔ഥ𝑲 +

𝒊

𝒉𝒊 𝑮𝒊𝒕𝒊→𝑫𝒔ഥ𝑲]

= 𝓣𝒕𝒓𝒆𝒆 + 𝓣𝑺

𝜯 = [𝟏 − 𝑽𝑮]−𝟏𝑽

[PhysRevD 87 (2013) 1, 014508]

[PhysRevD 102 (2020) 9, 096020]

B-S function



𝝓 = 𝟎. 𝟑𝟓𝝅
𝜞𝑻𝒄ത𝒔→𝑫𝒔𝝅 = 𝟏𝟎. 𝟒𝟓 𝐌𝐞𝐕

𝓣𝑻𝒐𝒕𝒂𝒍 𝟐=|𝓣𝑻𝒄ത𝒔𝟎𝒆𝒊𝝓+𝓣𝑫𝟎
∗ (𝟐𝟑𝟎𝟎)|𝟐

𝑩− → 𝑫𝒔
+𝑲−𝝅− PRD 109 (2024) 1, 014008
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𝚲𝒃 → 𝑫𝟎𝑲𝟎𝚲 EPJC 85 (2025) 2, 123
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 The mechanisms from the intermediate 𝑻𝒄ത𝒔𝟎(𝟐𝟗𝟎𝟎)



𝚲𝒃 → 𝑫𝟎𝑲𝟎𝚲 EPJC 85 (2025) 2, 123
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𝓣𝑺−𝒘𝒂𝒗𝒆 = 𝑽𝒑
′ 𝒉𝑲𝟎𝚲 +

𝒊

𝒉𝒊𝑮𝒊
′𝒕𝒊→𝑲𝟎𝚲

 The mechanisms from the intermediate 𝑵(𝟏𝟓𝟑𝟓)



𝚲𝒃 → 𝑫𝟎𝑲𝟎𝚲 EPJC 85 (2025) 2, 123
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Considering different 

the phase interference

Check uncertainties of 

the weight parameters
𝓣𝑻𝒐𝒕𝒂𝒍 𝟐=|𝓣𝑻𝒄ത𝒔𝟎𝒆𝒊𝝓+𝓣𝑺−𝒘𝒂𝒗𝒆 |𝟐



ഥ𝑩𝒔
𝟎 → 𝑲𝟎𝑫𝟎𝝅𝟎 EPJC 85 (2025) 1, 90 
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 The mechanisms from the intermediate 𝑲∗



ഥ𝑩𝒔
𝟎 → 𝑲𝟎𝑫𝟎𝝅𝟎 EPJC 85 (2025) 1, 90 
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Spin partner 𝑻𝒄ത𝒔𝟐
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Spin partner 𝑻𝒄ത𝒔𝟐 with mass around 2.8GeV was predicted!

Molina-Oset, PRD107(2023)056015 Duan-Guo-Chen-Wang, PRD108(2023)074006



Some hints of 𝑻𝒄ത𝒔𝟐
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𝑩+ → 𝑫∗−𝑫+𝑲+ 𝑩+ → 𝑫∗−𝑫𝒔
+𝝅+

[PhysRevLett 133 (2024) 131902] JHEP 08 (2024) 165



𝑩+ → 𝑫∗−𝑫+𝑲+         EPJC84 (2024) 12, 1302
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Formalism



𝑩+ → 𝑫∗−𝑫+𝑲+         EPJC84 (2024) 12, 1302
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𝑩+ → 𝑫∗−𝑫+𝑲+         EPJC84 (2024) 12, 1302
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𝑩+ → 𝑫∗−𝑫+𝑲+ EPJC84 (2024) 12, 1302
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𝑩+ → 𝑫∗−𝑫𝒔
+𝝅+ arXiv:2501.02839
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Summary

22

Thank you very much！

➢The 𝑫𝒔
+𝝅− and 𝑫𝟎𝑲𝟎 invariant mass distributions of 𝑩− → 𝑫𝒔

+𝝅−𝑲−,

𝚲𝒃 → 𝑫𝟎𝑲𝟎𝚲, ഥ𝑩𝒔
𝟎 → 𝑲𝟎𝑫𝟎𝝅𝟎 show a significant peak structure of the 

𝑻𝒄ത𝒔𝟎(𝟐𝟗𝟎𝟎) , respectively.

➢The measurements of 𝑩+ → 𝑫∗−𝑫+𝑲+ and 𝑩+ → 𝑫∗−𝑫𝒔
+𝝅+ show some 

hints for the predicted 𝑻𝒄ത𝒔𝟐.

➢The angular mass distributions are very different for each of the spin 

assumptions 𝑱 = 𝟎, 1, 2.
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