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BESIII physics program and data samples 
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Outline 

This talk based on 2712.4 ± 14.3 × 106 𝜓(3686) 
data sample 
 
•  𝑁∗ in 𝜓 3686 → 𝑝 𝑝𝜋0, 𝑝 𝑝 𝜂 

 
• Λ∗, Σ∗ in 𝜓 3686 → Λ Σ 0𝜋0 + 𝑐. 𝑐. 
 

Focus on 𝑁(1535) and Λ 1380 , Λ 1405 , Λ(2325) states 

For theoretical review, see plenary talk by Anthony W. Thomas 

BESIII, PRD, 111, 032011 (2025). 

BESIII, JHEP 02(2025), 212 

https://indico.cern.ch/event/1339154/contributions/6689170/attachments/3171081/5637562/AWThomas.pdf
https://indico.cern.ch/event/1339154/contributions/6689170/attachments/3171081/5637562/AWThomas.pdf
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The exotic properties of  𝑁(1535) 

Resonance  Br(𝑁∗ → 𝑵𝝅 ) Br(𝑁∗ → 𝑵𝜼 ) Br(𝑁∗ → 𝑵𝝅𝝅 ) 

𝑁(1440) 
1

2

+
 

 

    (55-75) % < 1% 17 − 50 % 

𝑁(1520) 
3

2

−
 

 

(55-65) % 
 

(0.05-0.07) % (25-35) % 
 

𝑁(1535) 
1

2

−
 

 

(32-52) % 
 

(30-55) % 
 

(4-31) % 
 

  𝑵(𝟏𝟓𝟑𝟓): 𝚪𝑵𝜼/𝚪𝑵𝝅 = 𝟏. 𝟎 ± 𝟎. 𝟒, 𝒎𝑲𝚲 ∼ 𝟏. 𝟔𝟏 GeV 

 Inverted mass order 
      𝑁 1440 : ∼ 1.37 GeV,  𝑁 1535 :∼ 1.51GeV 
  Theoretical investigations 

•  dynamical generated bound states in 𝐾Λ − 𝐾Σ channel 
• Pentaquark 𝑢𝑢𝑑𝑠𝑠  
• Lattice QCD simulation 
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𝑁(1535) in 𝜓(3686) → 𝑝𝑝 𝜋0, 𝑝𝑝 𝜂 

𝑝𝑝 𝜋0 

𝑝𝑝 𝜂 

𝑁 1535  
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PWA of 𝜓 3686 → 𝑝𝑝 𝜋0/𝜂 

 Data can be well described with Several 𝑁∗& 𝜌∗/𝜔∗/𝜙∗ states. 

 Three lowest lying 𝑁∗ is described with KSU model: Γ 𝑠 = Γ0 ×  𝑟𝑖 ×
𝜌𝑖( 𝑠)

𝜌𝑖(𝑚0)
 

 To measure 𝚪𝑵𝜼/𝚪𝑵𝝅 of 𝑵(𝟏𝟓𝟑𝟓) 

𝜓 3686 → 𝑝𝑝 𝜋0 𝜓 3686 → 𝑝𝑝 𝜂 

BESIII, PRD, 111, 032011 (2025). 
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𝑒+𝑒− → 𝑝𝑝 𝜋0/𝜂 @3.773 GeV 
 PWA fit is performed @ 𝒔 = 𝟑. 𝟕𝟕𝟑 GeV with 2.93 𝒇𝒃−𝟏 to estimate 

continuum background 
 Ignore potential contributions from 𝝍 𝟑𝟕𝟕𝟑 → 𝒑𝒑 𝝅𝟎/𝜼[12] 

 The same sets of intermediate states are considered as @ 𝒔 = 𝟑. 𝟔𝟖𝟔 GeV 

𝑒+𝑒− → 𝑝𝑝 𝜋0 
𝑒+𝑒− → 𝑝𝑝 𝜂 

BESIII, PRD, 111, 032011 (2025). 



𝑒+𝑒− → 𝑝𝑝 𝜋0/𝜂 @ 𝑠 = 3.67 ∼ 3.709   GeV 

 The 
𝜞𝑵 𝟏𝟓𝟑𝟓 →𝑵𝜼

𝜞𝑵 𝟏𝟓𝟑𝟓 →𝑵𝝅
 is determined to be 𝟎. 𝟗𝟗 ± 𝟎. 𝟎𝟓𝒔𝒕𝒂., confirms the fixed target 

experiment results listed by PDG. 

 The strong coupling to N𝜂 suggest a significant 𝒔𝒔  component in 𝑁(1535), 
possibly 𝑢𝑢𝑑 + 𝑠𝑠  ? Need to be confirmed in 𝐾Λ final state! 

 The other 𝑁∗ structures in 𝜓′ → 𝑝𝑝 𝜋0/𝜂 are studied & branching fraction 

measured.  


𝐵(𝜓(3686))

𝐵(𝐽/𝜓)
~12% confirmed by 𝑝𝑝 𝜋0 channel, but violated by 𝑝𝑝 𝜂 channel. 
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𝒑𝒑 𝝅𝟎 𝒑𝒑 𝜼 

BESIII, PRD, 111, 032011 (2025). 



• 𝚲, 𝚺 hyperon excited states PDG entries 

****:  Existence is certain, and properties are measured. 
 ***:  Existence is very likely, but QN, BRs, etc. are not clearly determined. 
  **:  Evidence of existence is only fair. 
    *:  Evidence of existence is poor. 

Status of Λ∗ and Σ∗ states 
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4 Λ∗ and 8 Σ∗ 
 exist certainly 



Two-pole structure of Λ(1380) and Λ(1405) 

• Λ(1405) is the lightest baryon excitation in the strangeness 

𝑆 = – 1 region, located below the 𝐾 ̄𝑁 threshold. 
•   The conventional quark model hard to explain its mass and 

properties, indicting it might be a dynamically generated state 
from strong interactions. 

•    The chiral unitary approach reveals it is not a single resonance, 
but consists of two poles, corresponding to: 
Λ(1405): Narrower, located at ~1420 MeV 
Λ(1380): Broader, located at ~1380 MeV 
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Λ∗, Σ∗ in 𝜓 3686 → ΛΣ 0𝜋0  

• Using 2712.4 ± 14.3 × 106 𝜓(3686) data sample 

•  To reconstruct decay with Σ0 → 𝛾Λ, Λ → 𝑝𝜋− and 𝜋0 → 𝛾𝛾 

• 14,414 event from data, and 235 continuum background events. 

•  Helicity amplitude analysis  

Σ 1385 , Σ 1660 , Σ 1670  

Λ 1405 , Λ(1520), 
Λ(1670), Λ(1690) 

Σ signal region and sideband 

BESIII, JHEP 02(2025), 212 
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Λ∗, Σ∗ in 𝜓 3686 → ΛΣ 0𝜋0  

• Background subtraction from − lnℒ  
•  Nominal fit: > 5𝜎 
• Masses and widths are float  
•  𝑀(ΛΣ ) description without 𝜌∗ or 𝑎∗   
•  𝑀 𝜋0Λ  description with Σ∗ below 2.0 GeV. 
•  Need Λ(2325) in high mass region 

BESIII, JHEP 02(2025), 212 13 



Λ(1380), Λ(2325) in 𝜓 3686 → ΛΣ 0𝜋0  

• Observation of Λ(2325) 

• Two-pole structure of Λ(1380) 

Nominal fit:  chiral dynamics model 

Breit-Wigner   𝑅 𝑚 = 𝐼 − 𝐺𝑉 −1 , Ref.  Nuclear Physics A 725 (2003) 181 
 Significance test:  11.1𝜎, ratio: (3.0 ± 3.3 )%   

Alternative fit:  Flatte-like formula, coupling to 𝜋Σ and 𝐾 𝑁 channels 
Significance test:  11.2𝜎, ratio: (6.7 ± 0.9 )% 

 𝑀 = 2306.5 ± 6.3 ± 17.1 MeV, Γ = 227.1 ± 12.2 ± 47.8  MeV  

𝐽𝑃 is determined to be: 
3

2

−
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 Summary 

• 𝑁(1535) shows large 𝑁𝜂 coupling (Γ(𝑁𝜂)/Γ(𝑁𝜋) ≈
0.99), suggesting exotic 𝑠̄𝑠 content. 

 
•  Λ(1380) observed (> 11𝜎) in 𝜓(3686) → ΛΣ ̄⁰𝜋⁰, 

supporting Λ(1405) two-pole structure; new Λ(2325) 
with 𝐽ᴾ = 3/2⁻ identified. 
 

• Systematic Λ/Σ spectroscopy advances light baryon 
understanding via high-precision PWA. 
 

• More light baryon spectrum analysis ongoing 

Thanks for your attention ! 


