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Background
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Nature Rev. Phys. 1 , 480 (2019)

➢Conventional hadrons:

Meson

Baryon

➢Non-standard hadrons:

Molecule

Tetraquark

Pentaquark

Hybrid

Glueball
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Workman R L, et al., Review of Particle Physics (2024).

Report by Bing-Song Zou

These exotic properties of the low-lying excited 

baryons with the quantum numbers of spin-

parity 𝑱𝑷 = 𝟏/𝟐− are difficult to explain in the 

simple quenched quark model.

Low-lying baryons with JP=1/2-

EW-Geng-Wu-Xie-Zou, CPL. 41 (2024) 101401



Search for 𝚺(𝟏/𝟐−)
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Process 𝚺(𝟏/𝟐−) Authors Reference

𝚲𝐜 → 𝚲𝛑+𝛑− 𝚺(𝟏𝟑𝟖𝟎) Wu-Dulat-Zou PRD 80 (2009) 017503

𝐊−𝐩 → 𝚲𝛑+𝛑− 𝚺(𝟏𝟑𝟖𝟎) Wu-Dulat-Zou PRC 81 (2010) 045210

𝛄𝐍 → 𝐊+𝚺(𝟏/𝟐−) 𝚺(𝟏𝟑𝟖𝟎) Gao-Wu-Zou PRC 81 (2010) 055203 

𝛘𝐜𝟎 → ഥ𝚺𝚺𝛑 𝚺(𝟏𝟒𝟑𝟎) EW-Xie-Oset PLB 753 (2016) 526 

𝚲𝐜 → 𝛈𝛑+𝚲 𝚺(𝟏𝟑𝟖𝟎) Xie-Geng PRD 95 (2017) 074024 

𝛘𝐜𝟎 → ഥ𝚲𝚺𝛑 𝚺(𝟏𝟑𝟖𝟎), 𝚺(𝟏𝟒𝟑𝟎) EW-Xie-Oset PRD 98 (2018) 114017

𝚲𝐜 → 𝚺𝟎𝛑+𝛑𝟎𝛑𝟎 𝚺(𝟏𝟒𝟑𝟎) Dai-Pavao-Sakai-Oset PRD 97 (2018) 116004

𝚲𝐜 → 𝚺+𝛑+𝛑𝟎𝛑− 𝚺(𝟏𝟒𝟑𝟎) Xie-Oset PLB 792 (2019) 450 

𝛄𝐩 → 𝐊+𝚺(𝟏/𝟐−) 𝚺(𝟏𝟒𝟎𝟎) Kim-Nam-Hosaka PRD 103 (2021) 114017

𝛄𝐧 → 𝐊𝚺(𝟏/𝟐−) 𝚺(𝟏𝟒𝟖𝟎) Lyu-EW-Xie-Wei CPC 47 (2023) 053108 

𝚲𝒄
+ → 𝚲𝝅−𝝅+𝝅+ 𝚺(𝟏𝟒𝟑𝟎) Li-Song-Oset-Liang-Molina EPJC 85 (2025) 1086

𝚲𝒄
+ → 𝚲𝝅−𝝅+𝝅+ 𝚺(𝟏𝟒𝟑𝟎) Jun He PRC 112 (2025) 015205



Evidence of 𝚺(𝟏/𝟐−)
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 𝚲𝒄 → 𝚲𝝅+𝝅−  Wu-Dulat-Zou,  PRD 80 (2009) 017503

Fig. 1
Fig. 2

Fit2

Fit1



Analyzing the Belle data
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 In 2021, the Belle Collaboration measured the process 𝚲𝐜
+ → 𝚲𝜼𝝅+

Belle Collaboration,  PRD 103 (2021) 052005 PRD 106 (2022) 056001

By regarding the 𝚲(𝟏𝟔𝟕𝟎) as a

molecule state and considering 

the contributions of 𝒂𝟎 𝟗𝟖𝟎
and 𝚺(𝟏𝟑𝟖𝟓), this work could 

well reproduce the Belle data 

of the mass distributions.



Reanalyzing the Belle data
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 𝚲𝐜
+ → 𝚲𝜼𝝅+

Restricted to 𝑴𝝅𝚲 ≥ 𝟏𝟒𝟒𝟎 𝐌𝐞𝐕 and 𝑴𝜼𝚲 ≥ 𝟏𝟕𝟐𝟎 𝐌𝐞𝐕 Phys. Rev. D 110 (2024) 054020



 In 2025, 𝚲𝐜
+ → 𝚲𝜼𝝅+ was subsequently measured by the BESIII 

Collaboration

The BESIII measurement
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BESIII Collaboration, Phys. Rev. Lett. 134 (2025) 021901

In spite of the small signal seen 

in the Dalitz plot, the analysis 

reports a branching  fraction of 

approximately 50% for the 

𝚲𝒂𝟎
+(𝟗𝟖𝟎) decay mode.

Belle Collaboration,  PRD 103 (2021) 052005



Analyzing the BESIII data
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The invariant mass distributions of the 𝚲𝐜
+ → 𝚲𝜼𝝅+ decay

Phys. Rev. D 111 (2025) 016004

Due to the inadequate description in certain regions and the relatively large bin 

widths of the data, a more refined analysis of this decay process is still needed.



Formalism
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Hadronization Quark level diagram

(a)

(b)

(c)

(d)

No contributions ℒ𝑊𝑃𝑃 ∝ 𝑊𝜇 𝑃, 𝜕𝜇𝑃



Formalism
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 Mechanisms for tree level and 

rescattering

 Hadronization

 Amplitudes



Formalism
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 The 𝑴𝑩 amplitudes

Nucl. Phys. A 635 (1998) 99-120

Eur. Phys. J. C 84 (2024) 1253

 The scattering amplitudes



Formalism
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 The 𝑴𝑴 amplitudes

𝐾+ ഥ𝐾0 (1) and 𝜋+𝜂 (2)

 The cutoff method

Eur. Phys. J. C 81 (2021) 1017



Formalism
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 The mechanism from the 

intermediate 𝚺(𝟏𝟑𝟖𝟓)
 The mechanism from the 

intermediate 𝚺(𝟏𝟑𝟖𝟎)

𝑀Σ 1385 = 1382.83 MeV , ΓΣ 1385 = 36.2 MeV

𝑀Σ 1380 = 1380 MeV ,      ΓΣ 1380 = 120 MeV



Results-BESIII MC data
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The invariant mass distributions of the 𝚲𝐜
+ → 𝚲𝜼𝝅+ decay without 𝚺(𝟏𝟑𝟖𝟎)

𝜃 is the angle between the 𝜋+ and 𝜂
particles in the center-of-mass frame

of the 𝜋+Λ system



Results-BESIII MC data
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The invariant mass distributions of the 𝚲𝐜
+ → 𝚲𝜼𝝅+ decay with 𝚺(𝟏𝟑𝟖𝟎)

𝜃 is the angle between the 𝜋+ and 𝜂
particles in the center-of-mass frame

of the 𝜋+Λ system



Results-Belle data

17

The invariant mass distributions of the 𝚲𝐜
+ → 𝚲𝜼𝝅+ decay without 𝚺(𝟏𝟑𝟖𝟎)

𝜃 is the angle between the 𝜋+ and 𝜂
particles in the center-of-mass frame

of the 𝜋+Λ system



Results-Belle data
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The invariant mass distributions of the 𝚲𝐜
+ → 𝚲𝜼𝝅+ decay with 𝚺(𝟏𝟑𝟖𝟎)

𝜃 is the angle between the 𝜋+ and 𝜂
particles in the center-of-mass frame

of the 𝜋+Λ system



Summary

19Thank you very much！

➢The inclusion of Σ(1380) substantially improves the description of BESIII

(MC) and Belle (data) distributions.

➢A combined analysis is highly valuable to stringently test the Σ(1380)

state using Belle and Belle II data.

➢This model is suggested for future analyses to help describe coupled-

channel resonances (e.g., 𝑎0 980 , Λ(1670)) and potentially reduce

systematic uncertainties.



Back up
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 The structure

Γ𝜇 ∝ 𝑃1𝜕𝜇𝑃2 − 𝑃2𝜕𝜇𝑃1 ∝ 𝑝2
𝜇

− 𝑝1
𝜇

ℒ𝑊𝑃𝑃 ∝ 𝑊𝜇 𝑃, 𝜕𝜇𝑃

 For 𝜼𝝅+ and 𝝅+𝜼 terms

Since 𝜇 = 0 provides the dominant contribution

Γ𝜇 ∝ 𝑝2
0 − 𝑝1

0

Γ𝜂𝜋
𝜇

∝ 𝑝𝜋
0 − 𝑝𝜂

0 Γ𝜋𝜂
𝜇

∝ 𝑝𝜂
0 − 𝑝𝜋

0

Γ𝜂𝜋
𝜇

+ Γ𝜋𝜂
𝜇

= 0

 Quark level diagram



Back up
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 Angular distribution

𝜃 is the angle of the particles 𝜋+ and 𝜂 in the 

center-of-mass frame of the 𝜋+Λ system



Back up
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 Pseudoscalar meson matrix

 Baryon matrix
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   𝜋 + 𝜂   ( 2 )


  𝚺 ( 𝟏 𝟑 𝟖 𝟓 )
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   𝜋 +
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   𝜋 + Λ
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   𝜋 +


  𝜂
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   a 0  ( 980 )


  Λ ( 1670 )


   Γ 𝜇 ∝  P 1  𝜕 𝜇  P 2 −  P 2  𝜕 𝜇  P 1 ∝  (  p 2 𝜇 −  p 1 𝜇 )


   ℒ  W P P ∝  W 𝜇  [ P ,  𝜕 𝜇 P ]


  𝜼  𝝅 +


   𝝅 + 𝜼


  𝜇 = 0


   Γ 𝜇 ∝  (  p 2 0 −  p 1 0 )


   Γ  𝜂 𝜋 𝜇 ∝  (  p 𝜋 0 −  p 𝜂 0 )
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   Γ  𝜂 𝜋 𝜇 +  Γ  𝜋 𝜂 𝜇 = 0


  𝜃


   𝜋 +


  𝜂


   𝜋 + Λ

