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Study  o f  𝛘𝐜𝐉(𝑱 = 𝟎, 𝟏, 𝟐) → 𝒑ഥ𝒑𝜼𝝅𝟎 and 𝝍 𝟐𝑺 → 𝜦 𝟏𝟓𝟐𝟎 ഥ𝜮𝟎𝜼(𝝅𝟎) + 𝒄. 𝒄.



Analysis I: Intermediate state investigation
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Analysis I: Intermediate state investigation

𝝌𝒄𝟎 region 𝝌𝒄𝟏 region 𝝌𝒄𝟐 region
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Analysis I: Intermediate state investigation
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Analysis I: Intermediate state investigation

𝝌𝒄𝟎 region
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Analysis I: Intermediate state investigation

𝝌𝒄𝟎 region
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Analysis I: Intermediate state investigation

Decay Chanel Ratio

𝜒𝑐0 → 𝑝𝑝𝑎0(980) 10%

𝜒𝑐0 → ҧ𝑝𝜋0𝑁 17%

𝜒𝑐0 → 𝑝𝜂 ഥ𝑁 17%

𝜒𝑐0 → 𝑝𝜋0 ഥ𝑁 17%

𝜒𝑐0 → ҧ𝑝𝜂𝑁 17%

𝜒𝑐0 → 𝑝𝑝𝜂𝜋0 22%

𝝌𝒄𝟎 region
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Analysis I: Intermediate state investigation

𝝌𝒄𝟏 region
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Analysis I: Intermediate state investigation

𝝌𝒄𝟏 region
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Analysis I: Intermediate state investigation

𝝌𝒄𝟏 region

Decay Chanel Ratio

𝜒𝑐1 → 𝑝𝑝𝑎0(980) 8%

𝜒𝑐1 → ҧ𝑝𝜋0𝑁 15%

𝜒𝑐1 → 𝑝𝜂 ഥ𝑁 20%

𝜒𝑐1 → 𝑝𝜋0 ഥ𝑁 15%

𝜒𝑐1 → ҧ𝑝𝜂𝑁 20%

𝜒𝑐1 → 𝑝𝑝𝜂𝜋0 22%
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Analysis I: Intermediate state investigation

𝝌𝒄𝟐 region
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Analysis I: Intermediate state investigation

𝝌𝒄𝟐 region
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Analysis I: Intermediate state investigation

𝝌𝒄𝟐 region

Decay Chanel Ratio

𝜒𝑐2 → 𝑝𝑝𝑎0(980) 8%

𝜒𝑐2 → ҧ𝑝𝜋0𝑁 14%

𝜒𝑐2 → 𝑝𝜂 ഥ𝑁 16%

𝜒𝑐2 → 𝑝𝜋0 ഥ𝑁 14%

𝜒𝑐2 → ҧ𝑝𝜂𝑁 16%

𝜒𝑐2 → 𝑝𝑝𝜂𝜋0 32%
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𝝌𝒄𝟎 𝝌𝒄𝟏 𝝌𝒄𝟐
ഥ𝑁 → ҧ𝑝𝜋0, 𝑁 → 𝑝𝜂 0% 0% 0%

𝜒𝑐𝐽 → 𝑝𝑝𝑎0(980) 10% 8% 8%

𝜒𝑐𝐽 → ҧ𝑝𝜋0𝑁 17% 15% 14%

𝜒𝑐𝐽 → 𝑝𝜂 ഥ𝑁 17% 20% 16%

𝜒𝑐𝐽 → 𝑝𝑝𝜂𝜋0 22% 22% 32%

𝜒𝑐𝐽 → 𝑝𝜋0 ഥ𝑁 17% 15% 14%

𝜒𝑐𝐽 → ҧ𝑝𝜂𝑁 17% 20% 16%

Analysis I: Intermediate state investigation
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Analysis II: Study of 𝝍 𝟐𝑺 → 𝚲 𝟏𝟓𝟐𝟎 ഥ𝚺𝟎𝛈 + 𝐜. 𝐜.
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Analysis II: Outline

➢Motivation

➢Data Samples

➢Event selection

➢Intermediate state

➢Background analysis

➢Branching fraction(BF) measurement

➢Summary & Next to do
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Analysis II: Motivation

⚫ The baryon spectroscopy is far from perfect, since many states are either undiscovered or not well 

established. Baryon decays serves as a powerful tool to address physics problems like the internal 

structure and fundamental symmetries.

⚫ Many processes have been discovered for the decay of charmonium to three-body (BBV/P) , i.e.  

𝜓 3686 → ΛഥΛ𝜂, 𝜋0, 𝜂′, 𝜙[1] ,or 𝜓 3686 → Σ+തΣ𝜂, 𝜔, 𝜙.[2][3]

⚫ Search for possible excited baryon states consisting of BV/P

⚫ At this stage, a data sample based on the 2.7 billion events collected by BESIII at 𝜓(3686) resonance 

provides an excellent opportunity to explore. These studies have the potential to greatly improve our 

understanding of strong decays in particular.

[1] M. Ablikim et al.[BESIII Collaboration], Phys. Rev. D. 106, 072006 (2022)

[2] M. Ablikim et al.[BESIII Collaboration], Phys. Rev. D 106,  112011 (2022)

[3] M. Ablikim et al.[BESIII Collaboration], Phys. Rev. D 106,  112007 (2022)
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Analysis II: Data Samples

Data set Number of events BOSS version

09+12 ψ 3686 data 4.48 × 108

709

2021 ψ 3686 data ~22.5× 108

09+12 ψ 3686 inclusive MC 5.06× 108

2021 ψ 3686 inclusive MC ~23× 108

PHSP  MC for 𝜓 3686 → 𝑝𝐾−തΣ0𝜂
PHSP  MC for 𝜓 3686 → Λ(1520)തΣ0𝜂

3 million for each channel (09+12+21)

PHSP  MC for 𝜓 3686 → 𝑝𝐾−തΣ0𝜋0

PHSP  MC for 𝜓 3686 → Λ(1520)തΣ0𝜋0

PHSP  MC for 𝜓 3686 → Λ(1670)തΣ0𝜋0
3 million for each channel (09+12+21)
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Analysis II: Event selection criteria (i) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝜂 , ഥ𝚺 𝟎 → 𝜸 ഥ𝚲 , ഥ𝚲 → ҧ𝑝𝜋+, 𝜂 → 𝛾𝛾

The charged tracks

➢ 𝒄𝒐𝒔𝜽 < 𝟎. 𝟗𝟑

• No vertex constraint (the charged tracks originating from ഥ𝚲
decay)

• 𝑽𝒛 < 𝟏𝟎𝒄𝒎, 𝑽𝒙𝒚 < 𝟏𝒄𝒎 (the charged tracks not 

originating from ഥ𝚲 decay)

➢ 𝑵𝒕𝒐𝒕 ≥ 𝟒

PID

➢ The tracks are assigned to the particle type with the 

highest confidence level.

➢ 𝑵𝝅+ ≥ 𝟏,𝑵ഥ𝒑 ≥ 𝟏, 𝑵𝒑 ≥ 𝟏, 𝑵𝑲− ≥ 𝟏

ഥ𝚲reconstruction

➢ 2nd vertex fit

Vertex Fit

➢ The 𝒑𝑲− pair is fitted to a common vertex.

Good photons

➢ 𝟎 ≤ 𝑻𝑫𝑪 ≤ 𝟏𝟒.

➢ Barrel : E > 0.025GeV, 𝒄𝒐𝒔𝜽 <0.8

➢ End cap : E > 0.050GeV, 0.86< 

𝒄𝒐𝒔𝜽 <0.92

➢ 𝑵𝜸 ≥ 𝟑

Kinematic Fit

➢ A four-momentum conservation 

constraint (4C) kinematic fit under 

hypothesis of 𝝍(𝟑𝟔𝟖𝟔) →

𝒑𝑲−ഥ𝚲𝜸𝜸𝜸 is performed. 19



Analysis II: Event selection criteria (ii) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝜂

Signal MC study: The distinction of the two photons in the 𝜓 2𝑆 → 𝑝𝐾−തΣ0𝜂, തΣ0 → 𝛾ഥΛ , 𝜂 → 𝛾𝛾, ഥΛ → ҧ𝑝𝜋+ process.

𝜂 → 𝛾𝐸1_ max 𝛾𝐸2_𝑚𝑎𝑥
തΣ0 → 𝛾𝐸3_𝑚𝑎𝑥

ഥΛ
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Analysis II: Event selection criteria (iii) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝜂

𝝌𝟒𝑪
𝟐 < 𝟐𝟎

21



Analysis II: Event selection criteria (iv) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝜂

|𝑅𝑀 𝛾1𝛾2 −𝑚𝐽/𝜓| > 18𝑀𝑒𝑉/𝑐2

|𝑀 𝛾1𝛾3 −𝑚𝜋0| > 24𝑀𝑒𝑉/𝑐2

⚫ The 𝐽/𝜓-related backgrounds like 𝜓 2𝑆 →
𝜂𝐽/𝜓 is vetoed by the requirements on the 𝛾1𝛾2 

recoil mass windows 

⚫ The wrong photons backgrounds like 𝜓 2𝑆 →
𝜋0𝛾2ഥΛ𝑝𝐾

− is vetoed by the requirements on the 

𝛾1𝛾3 recoil mass windows 
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The distribution of the 2D scatter plot of 𝑴 𝜸𝟏𝜸𝟐 𝒗. 𝒔.𝑴 ഥ𝚺𝟎  

MC:𝝍 𝟐𝑺 → 𝒑𝑲−ഥ𝚺𝟎𝜼, ഥ𝚺𝟎 → 𝜸ഥ𝚲 , 𝜼 → 𝜸𝜸, ഥ𝚲 → ഥ𝒑𝝅+
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Analysis II: Intermediate state 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝜂

Possible intermediate state structures were observed in the invariant mass spectra of 𝑝𝐾−

𝝍 𝟐𝑺 → 𝚲(𝟏𝟓𝟐𝟎)ഥ𝚺𝟎𝜼

24



Analysis II: Branching fraction measurement 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝜂

• Fit method: Sig.MC+ 2nd-order Polynomial

• 𝐵𝑟(𝜓(3686) → 𝑝𝐾−തΣ0𝜂) =
𝑁𝑜𝑏𝑠

𝑁𝜓(3686)
𝑑𝑎𝑡𝑎 ·𝐵(ഥΣ0→𝛾ഥΛ)·𝐵(𝜂→𝛾𝛾)·𝐵(ഥΛ→ ҧ𝑝𝜋+)·𝜀

• 𝑁𝜓(3686)
𝑑𝑎𝑡𝑎 = 2.26 + 0.448 𝐵𝑖𝑙𝑙𝑖𝑜𝑛

• 𝐵𝑟 തΣ0 → 𝛾ഥΛ = 1

• 𝐵𝑟(ഥΛ → ҧ𝑝𝜋+) = 64.1%

• 𝐵𝑟 𝜂 → 𝛾𝛾 = 39.36%

• 𝜀 = 4.55%

Mode 𝐍𝐨𝐛𝐬 𝛆(%) BR Significance(𝛔)

𝜓 3686 → 𝑝𝐾−തΣ0𝜂 39.9 5.31 ~10−6 ~4.4

• BF(𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥ𝚺𝟎𝜼 )~1 × 10−6

• It is the same level as the branching fraction of 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥ𝚲𝜼 [1]

[1] Lin ZHU et al, Search for 𝜓 3686 → Λ 1520 ഥΛ𝜂/Λ 1670 ഥΛ𝜂+c.c.,[Online] Nov.15𝑡ℎ ,2023 for Charmonium Group Meeting. 25



Analysis II: Event selection criteria (i) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝝅 𝟎 , ഥ𝚺 𝟎 → 𝜸 ഥ𝚲 , ഥ𝚲 → ҧ𝑝𝜋+

The charged tracks

➢ 𝒄𝒐𝒔𝜽 < 𝟎. 𝟗𝟑

• No vertex constraint (the charged tracks originating from ഥ𝚲
decay)

• 𝑽𝒛 < 𝟏𝟎𝒄𝒎, 𝑽𝒙𝒚 < 𝟏𝒄𝒎 (the charged tracks not 

originating from ഥ𝚲 decay)

➢ 𝑵𝒕𝒐𝒕 ≥ 𝟒

PID

➢ The tracks are assigned to the particle type with the 

highest confidence level.

➢ 𝑵𝝅+ ≥ 𝟏,𝑵ഥ𝒑 ≥ 𝟏, 𝑵𝒑 ≥ 𝟏, 𝑵𝑲− ≥ 𝟏

ഥ𝚲 reconstruction

➢ 2nd vertex fit

Vertex Fit

➢ The 𝒑𝑲− pair is fitted to a common vertex.

Good photons

➢ 𝟎 ≤ 𝑻𝑫𝑪 ≤ 𝟏𝟒.

➢ Barrel : E > 0.025GeV, 𝒄𝒐𝒔𝜽 <0.8

➢ End cap : E > 0.050GeV, 0.86< 

𝒄𝒐𝒔𝜽 <0.92

➢ 𝑵𝜸 ≥ 𝟑

Kinematic Fit

➢ A four-momentum conservation 

constraint (4C) kinematic fit under 

hypothesis of 𝝍(𝟑𝟔𝟖𝟔) →

𝒑𝑲−ഥ𝚲𝜸𝜸𝜸 is performed.

𝝅𝟎 and ഥ𝚺𝟎reconstruction

➢ 𝚫𝐦𝐢𝐧 = 𝑴ഥ𝚺𝟎 −𝒎ഥ𝚺𝟎
𝟐 + 𝑴𝝅𝟎 −𝒎𝝅𝟎

𝟐 ⇒ ഥ𝚺𝒎𝒊𝒏
𝟎 , 𝝅𝒎𝒊𝒏

𝟎 26



Analysis II: Event selection criteria (ii) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝝅 𝟎 , ഥ𝚺 𝟎 → 𝜸 ഥ𝚲 , ഥ𝚲 → ҧ𝑝𝜋+

𝝌𝟒𝑪
𝟐 < 𝟒𝟓
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Analysis II: Event selection criteria (iii) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝝅 𝟎 , ഥ𝚺 𝟎 → 𝜸 ഥ𝚲 , ഥ𝚲 → ҧ𝑝𝜋+

|𝑹𝑴 𝜸𝟏𝜸𝟐 −𝒎𝑱/𝝍| > 𝟏𝟖𝑴𝒆𝑽/𝒄𝟐

Negligible Negligible 
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Analysis II: Event selection criteria (iv) 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝝅 𝟎 , ഥ𝚺 𝟎 → 𝜸 ഥ𝚲 , ഥ𝚲 → ҧ𝑝𝜋+

𝑀 ഥΛ − 1.157 < 6𝑀𝑒𝑉/𝑐2 𝑀 𝜋0 − 0.135 < 24𝑀𝑒𝑉/𝑐2 𝑀 തΣ0 − 1.192 < 18𝑀𝑒𝑉/𝑐2
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The distribution of the 2D scatter plot of 𝑴 𝜸𝟏𝜸𝟐 𝒗. 𝒔.𝑴 ഥ𝚺𝟎  

MC: 𝝍 𝟐𝑺 → 𝒑𝑲−ഥ𝚺𝟎𝝅𝟎, ഥ𝚺𝟎 → 𝜸ഥ𝚲 , 𝝅𝟎 → 𝜸𝜸, ഥ𝚲 → ഥ𝒑𝝅+
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𝝍 𝟐𝑺 → 𝚲(𝟏𝟓𝟐𝟎)ഥ𝚺𝟎𝝅𝟎

Intermediate state structures were observed in the invariant mass spectra of 𝑝𝐾−

Analysis II: Intermediate state 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝝅𝟎

31



• Fit method: Sig.MC+ 2nd-order Chebychev

• 𝐵𝑟(𝜓(3686) → 𝑝𝐾−തΣ0𝜋0) =
𝑁𝑜𝑏𝑠

𝑁𝜓(3686)
𝑑𝑎𝑡𝑎 ·𝐵(ഥΣ0→𝛾ഥΛ)·𝐵(𝜋0→𝛾𝛾)·𝐵(ഥΛ→ ҧ𝑝𝜋+)·𝜀

• 𝑁𝜓(3686)
𝑑𝑎𝑡𝑎 = 2.26 + 0.448 𝐵𝑖𝑙𝑙𝑖𝑜𝑛

• 𝐵𝑟 തΣ0 → 𝛾ഥΛ = 1

• 𝐵𝑟(ഥΛ → ҧ𝑝𝜋+) = 64.1%

• 𝐵𝑟 𝜋0 → 𝛾𝛾 = 98.82%

• 𝜀 = 10.56%

Mode 𝐍𝐨𝐛𝐬 𝛆(%) BR

𝜓 3686 → 𝑝𝐾−തΣ0𝜋0 9114.0±117 10.56 ~1 × 10−5

Analysis II: Branching fraction measurement 𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝝅𝟎

32



Using about 2.7 billion 𝜓 3686 data sample collected at BESIII in 2009, 2012 ,and 2021:

✓ All selection criteria have been optimized for 𝜓 3686 → 𝑝𝐾−തΣ0𝜂/𝜋0, and essentially no peaking 

background is observed under all selection criteria.

✓ The signal of the decay of 𝜓 3686 → 𝑝𝐾−തΣ0𝜂/𝜋0 was observed for the first time. At the same time, a 

possible excited state Λ 1520 was also observed.

➢ Summary

➢ Next to do

✓ Study of the conjugate channels

✓ Further studying the possible peaking backgrounds

✓ Further studying the potential intermediate states

✓ Further studying the impact of sideband of intermediate states

✓ Studying the systematic uncertainties

➢Summary & Next to do
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Back Up
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𝑀 𝛾1𝛾2 −𝑚𝜂 < 21𝑀𝑒𝑉/𝑐2 𝑀 തΣ0 − 1.192 < 18𝑀𝑒𝑉/𝑐2 𝑀 ഥΛ − 1.157 < 6𝑀𝑒𝑉/𝑐2

𝜓 2𝑆 → 𝑝𝐾−തΣ0𝜂, തΣ0 → 𝛾ഥΛ , 𝜂 → 𝛾𝛾, ഥΛ → ҧ𝑝𝜋+
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Analysis of 𝜓 2𝑆 → 𝑝𝐾−തΣ0𝜋0, തΣ0 → 𝛾ഥΛ , 𝜋0 → 𝛾𝛾, ഥΛ → ҧ𝑝𝜋+

𝑀 തΣ0 − 1.192 < 18𝑀𝑒𝑉/𝑐2𝑀 𝛾1𝛾2 −𝑚𝜋0 < 24𝑀𝑒𝑉/𝑐2 𝑀 ഥΛ − 1.157 < 6𝑀𝑒𝑉/𝑐2
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通过pi0SD区估计Sigma0峰状本底事例数大约413.5
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Due to the small number of events, adding 𝝌𝟒𝑪
𝟐 𝟑𝜸 < 𝝌𝟒𝑪

𝟐 𝟒𝜸  did not veto many 

events, but instead it affected the efficiency.

𝜓 2𝑆 → 𝑝𝐾−തΣ0𝜂, തΣ0 → 𝛾ഥΛ , 𝜂 → 𝛾𝛾, ഥΛ → ҧ𝑝𝜋+
38



M12g
M23g

mSigma01gM13g mSigma02g

mSigma03g

sig sig sig sig sig

sig

data data data data
data

data
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M23gM13g
M12g mSigma01g

mSigma03g

mSigma02g

sig sig sig sig

sig

data data data
data data

data

sig
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M23gM13g M12g

sig sig sig

data data
data

mSigma01g mSigma02g

sigsig

data data

mSigma03g

sig data
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Analysis II: Intermediate state (BKG Study)𝝍 𝟑𝟔𝟖𝟔 → 𝒑𝑲−ഥΣ 0𝝅𝟎

红色区域(𝒔𝒊𝒈𝒏𝒂𝒍)：信号
绿色区域(𝒔𝒊𝒅𝒆𝒃𝒂𝒏𝒅𝟏)：non-𝝅𝟎

粉色区域(𝒔𝒊𝒅𝒆𝒃𝒂𝒏𝒅𝟐)：non-ഥ𝚺𝟎

黄色区域(𝒔𝒊𝒅𝒆𝒃𝒂𝒏𝒅𝟑)：non- 𝝅𝟎,non- ഥ𝚺𝟎

𝑁𝑛𝑒𝑡 = 𝑁𝑠𝑖𝑔 − (
1

2
𝑁𝑠𝑖𝑑𝑒𝑏𝑎𝑛𝑑1 +

1

2
𝑁𝑠𝑖𝑑𝑒𝑏𝑎𝑛𝑑2 −

1

4
𝑁𝑠𝑖𝑑𝑒𝑏𝑎𝑛𝑑3)

=278329-{(833+2261)/2+385/2-49/4}
=2776601.75

𝜀 =9.2%

Red box:278329
Green box:833+2261
Pink box:385
Yellow box：42+7
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