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Measure the branching fraction

c) Recently, 𝛘𝐜𝐉 → 𝐁ഥ𝐁𝐏 (𝛘𝐜𝐉 → 𝚲ഥ𝚲𝛈)

are observed at BESIII [4], 

Similarly, Search for 𝛘𝐜𝐉 → 𝐁ഥ𝐁𝐕

decays, such as 𝛘𝐜𝐉 → 𝚲ഥ𝚲𝛟, is 

interested。

Search for possible excited 

baryon states consisting of 

𝐁𝐕

a) Search for the potential 

excited baryons, refer to 

𝛙(𝟑𝟔𝟖𝟔) → 𝚲ഥ𝚲𝛈 [1] and

𝛙(3686)→ 𝚲ഥ𝚲𝛚 [2]。

[1] BAM-00538: Measurement of psi(3686)->eta/pi0 Lambda Lambdabar, by Shi Wang et al.

[2] BAM-00336, Honghong Zhang et al., Study of Psi' to omega Labamda Lambdabar.

[3] BAM-00421: Observation of psi(3686)->phi Lambda Lambda-bar decay, by Aonan Zhu et al.

[4] BAM-00496: Observation of chicJ-> eta Lambda Lambda-bar decay, by Yijia Zeng et al.

[3] 𝝍(3686)→ 𝜦ഥ𝜦𝝓[1] 𝝍(3686)→ 𝜦ഥ𝜦𝜼

[2] 𝝍(3686)→ 𝜦ഥ𝜦𝝎

Search for possible 𝐁ഥ𝐁

threshold enhancements

b) Search for the threshold 

enhancement in 𝑴𝑩ഥ𝑩, refer 

to 𝛙(3686)→ 𝚲ഥ𝚲𝛚 [2] and

𝛙(3686) → 𝚲ഥ𝚲𝛟 [3]。

Motivation



Data samples
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Data set Number of  events BOSS version

09+12 ψ 3686 data 4.48× 108

709

2021 ψ 3686 data ~22.6× 108[1]

09+12 ψ 3686 inclusive MC 5.06× 108

2021 ψ 3686 inclusive MC ~23 × 108[2]

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

[1]  C. Liu, Z.Y. Wang et al, Preliminary Result for the Total Number of ψ(2S) Events Taken in 2021, [Online] 16 Jun. 2022 for BESIII Summer Collaboration Meeting in Beijing.

[2]  J.S. Luo, R.G. Ping et al, Progress in BesEvtGen, [Online] 13 Jun. 2022 for BESIII Summer Collaboration Meeting in Beijing.

https://indico.ihep.ac.cn/event/16632/session/14/contribution/24/material/slides/0.pdf
https://indico.ihep.ac.cn/event/16632/session/2/contribution/2/material/slides/0.pdf
https://indico.ihep.ac.cn/event/16632/session/14/contribution/24/material/slides/0.pdf


• cosθ < 0.93

• No vertex constraint

• 𝐍 ≥ 𝟔, 𝐍𝐦 ≥ 𝟑,𝐍𝐩 ≥ 𝟑

Charged tracks

• For Kaon:

Prob(K)> Prob(p), Prob(K)> Prob(pi)

• 𝐍𝐊+ = 𝐍𝐊− = 𝟏; 

• |Vz| < 10, |Vxy| < 1

Particle identification

• 0 ≤ TDC ≤ 14
• Barrel :   E > 0.025 GeV, cosθ < 0.8
• End cap :  E > 0.050 GeV, 0.86 < cosθ < 0.92
• 𝐍𝛄 ≥ 𝟏

Good photon
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Event selection

• 2nd vertex fit 

• 𝛥min = 𝑀𝑝𝜋− −𝑚𝛬
2
+ 𝑀 ҧ𝑝𝜋+ −𝑚ഥ𝛬

2
⇒

𝛬
min

, ҧ𝛬min

Λ(ഥΛ) reconstruction : 

4C-kinematic fit with  

ψ 3686 → γΛഥΛK+K−

• Four-Constraint (4-C) 

kinematic fit is 

performed with 

ψ(3686) → 𝛾ΛഥΛ𝐾+𝐾−

hypothesis. 

4C-kinematic fit with



Event selection: 
4C kinematic fit

*The green histograms are backgrounds from ϕ. 
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• 𝜒4c
2 (𝛾തpp−K+K−𝜋+𝜋−) < 60



Event selection:
𝑴(𝚲)& scatter plot：𝑴(𝒑𝝅−)v.s. 𝑴(ഥ𝒑𝝅+)
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◼ 1D-Signal region:
M p𝜋 −m Λ < 6 MeV/c2

◼ 1D-Sideband region:
10 < M(𝑝𝜋) − m Λ < 22 MeV/c2

◼ Length(𝚲) >0 & Length(ഥ𝚲) >0 

The sideband events are used to estimated the combinatorial background in the 𝚲 signal region. 



Event selection:
Mass window of 𝝓

 We fit the mass spectrum of K+K−,σ = 6MeV . And a sideband region is selected. 
Details can be found in the backup. 

⚫ 𝝓 Signal region:

𝐌 𝐊+𝐊− −𝐦 𝛟 < 𝟎. 𝟎𝟏𝟖 𝐆𝐞𝐕/𝐜𝟐

⚫ 𝝓 Sideband region:

𝟏. 𝟎𝟓𝟓 < 𝐌(𝐊+𝐊−) < 𝟏. . 𝟏𝟐𝟕 𝐆𝐞𝐕/𝐜𝟐

8



Further Event selection:
M(𝚲𝐊) & scatter plot: 𝑴 തΛ𝑲+ 𝒗. 𝒔.𝑴(𝚲𝑲−)
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⚫ Veto on 𝛘𝐜𝐉 → 𝛀−ഥ𝛀+:

! ( 𝐌 𝚲𝑲− −𝐦 𝜴− < 𝟏𝟐 𝐌𝐞𝐕/𝐜𝟐. && 𝐌 ഥ𝜦𝑲+ −𝐦 ഥ𝜴+ < 𝟏𝟐 𝐌𝐞𝐕/𝐜𝟐 )



Background study

No

peaking background 
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To investigate possible background 

from continuum processes, the same 

selection criteria are applied to a data 

sample of collected at 𝑠 = 3.65 GeV. 

No events survived from the data at 

3.65 GeV.

09+12+21

Signal Channel



Dalitz Plot (I)
in 𝛘𝐜𝟏 mass region
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⚫ According to the 2-D Dalitz and 1-D project plots, one is hard to draw any solid conclusion

whether there are intermediate states in 𝑀(ΛഥΛ) and 𝑀(𝜙Λ) based on the current statistics or not.



Dalitz Plot (II)
in 𝛘𝐜𝟐 mass region 
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⚫ According to the 2-D Dalitz and 1-D project plots, one is hard to draw any solid conclusion

whether there are intermediate states in 𝑀(ΛഥΛ) and 𝑀(𝜙Λ) based on the current statistics or not.



Detection efficiencies
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 To determine the signal efficiencies (𝜖), the 𝜒𝑐1,2 → ΛഥΛ𝜙 decay channel is simulated with a modified data-

driven generator BODY3, which was developed to simulate different intermediate states in data for a given 

three-body final state.

• The detection efficiency for 𝛘𝐜𝟎,𝟏,𝟐 → 𝚲ഥ𝚲𝛟 is estimated to be:

0.45%, 1.6% and 2.6% , respectively.



𝓑 𝝌𝒄𝑱 → 𝚲ഥ𝚲𝛟 =
𝐍𝛘𝐜𝐉
𝐨𝐛𝐬

𝑵𝝍 𝟑𝟔𝟖𝟔
𝒕𝒐𝒕 ⋅ 𝓑 𝝍 𝟑𝟔𝟖𝟔 → 𝜸𝝌𝒄𝑱 ⋅ 𝓑 𝜦 → 𝒑𝝅− ⋅ 𝓑 ഥ𝜦 → ഥ𝐩𝝅+ ⋅ 𝓑 𝝓 → 𝑲+𝑲− ⋅ 𝜺𝝌𝒄𝑱

Fit to data

14

• Assume that Nψ(3686)
data = 2.7 Billion

Mode 𝐍𝐨𝐛𝐬 𝛆 % B × 𝟏𝟎−𝟓 Significance(𝝈)

χc0 → ϕΛഥΛ 7.23.0 0.45 3.011.25 4.7

χc1 → ϕΛഥΛ 51.57.7 1.6 6.080.91 11.5

χc2 → ϕΛഥΛ 93.710.7 2.6 6.970.80 14.5

 For the decay of  𝛘𝐜𝐉→𝚲ഥ𝚲 𝛟 (𝛟 sideband region), the fitting function  is 

described as below: 

Nbkg
𝜙 𝑆𝐷

∙ 𝝓 − 𝐒𝐃𝐌𝐂𝐒𝐡𝐚𝐩𝐞 + Nbkg
flat II ∙ 𝐁𝐤𝐠𝐌𝐂𝐒𝐡𝐚𝐩𝐞

 For the decay of  𝛘𝐜𝐉→𝚲ഥ𝚲𝛟 (𝛟 signal region), the fitting function  is 

described as below : 

𝐍𝝌𝒄𝑱
𝐨𝐛𝐬 ∙ 𝐒𝐢𝐠𝐌𝐂𝐒𝐡𝐚𝐩𝐞 𝐆𝐚𝐮𝐬𝐬 + fϕ ∙ Nbkg

𝜙 𝑆𝐷
∙ 𝝓 − 𝐒𝐃𝐌𝐂𝐒𝐡𝐚𝐩𝐞 +

Nbkg
2D~SD ⋅ 2D − SDMCShape+ Nbkg

flat I ∙ 𝐁𝐤𝐠𝐌𝐂𝐒𝐡𝐚𝐩𝐞

• The 𝝓−SDMCShape is the MC-simulated shape of decay 

ψ 3686 → γχcJ, χcJ → ΛഥΛK+K−

• The 𝟐𝐃− 𝐒𝐃𝐌𝐂𝐒𝐡𝐚𝐩𝐞 is the the MC-simulated shape of decay 

ψ 3686 → γχcJ, χcJ → 𝜙𝑝𝜋− ҧ𝑝𝜋+

• The BkgMCShape is the MC-simulated shape of decay 

ψ 3686 → γΛഥΛϕ

• Nbkg
𝜙 𝑆𝐷 is taken as the common parameter among the two modes. 

• The scale factor 𝑓𝜙 between 𝜙 signal and sideband region is 

determined to be 0.71 by the integral of sideband and signal 

region.



Assuming that the numbers of total events (n) in χc0 signal region , n = s + b, s and b are denote signal 

and background, respectively. We recalculated the significance of 𝜒𝑐0 → ΛഥΛ𝜙 according to the p-value 

equation as,

If taking 2 width as the signal region, we have n = 7, b = 0.6, and s = n−b ≈ 6.  Suppose s = 0, P-

value= 3.29× 10−6 . The statistical significance is determined to be 4.6σ according to the corresponding P 

value .

• Therefore, the statistical significance of χc0 → ΛഥΛϕ is not less than 4.6𝛔.
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[1]  M. Ablikim et al. (BESIII Collaboration), Phys. Rev. D 97, 032008 (2018)

Determining the statistical significance of c0

𝐏 𝐧𝐨𝐛𝐬 = 𝑃 𝑛 > 𝑛𝑜𝑏𝑠𝐻0 = ෎

𝑛=𝑛𝑜𝑏𝑠

∞

𝑏𝑛

𝑛!
𝑒−𝑏 = 1 − ෎

𝑛=0

𝑛𝑜𝑏𝑠−1

𝑏𝑛

𝑛!
𝑒−𝑏



Systematic uncertainty [I] 

16

I. Total number of 𝝍 𝟑𝟔𝟖𝟔 𝟏

II. Tracking for kaon and photon 

reconstruction efficiencies*

The uncertainty on the tracking efficiency and photon with the 

control samples J/𝜓 → 𝐾𝑆
0𝐾±𝜋∓ and J/𝜓 → 𝜋+𝜋−𝜋0, respectively, and are 

determined to be 1.0% for each charged kaon and per photon.         

III. PID for Kaon*

The kaon identification efficiency have been studied by the BESIII 

Collaboration. The differences between data and Monte Carlo samples 

are estimated to be within kaon.

IV. Mass window: The main Background comes from decay 

χcJ → Ω−ഥΩ+, ϕ mass window and Λ ഥΛ mass window.

⚫ The systematic uncertainty on the above mass window is 

obtained by changing the interval comparison of the mass 

window. 

V. Scale factor f𝛟

The systematic uncertainty on scale factor f𝛟 is obtained by 

changing the sideband region (changing the signal region by 

1σ ).

VI. Kinematic fit ：Two control samples are employed to 

study the systematic error due to 4-C kinematic fit，the are 

𝛙 𝟑𝟔𝟖𝟔 → 𝛑+𝛑−𝐉/𝛙,  𝐉/𝛙 → 𝚲ഥ𝚲 and 𝛙 𝟑𝟔𝟖𝟔 → 𝛈 𝐉/𝛙,  𝐉/𝛙 →

𝛑+𝛑−𝚲ഥ𝚲.

⚫ The signal events is extracted once again after imposing 

the 4-C kinematic fit on the candidate charged and neutral 

track. We define the efficiency of 4-C kinematic fit 

systematic uncertainty as below:

𝜖4𝐶 =
𝑁𝑜𝑏𝑠(𝑤𝑖𝑡ℎ−4𝐶𝑓𝑖𝑡)

𝑁𝑜𝑏𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡−4𝐶𝑓𝑖𝑡

The difference between data and inclusive MC is found to be 

systematic uncertainty. And，the largest one is found to be 

1.2% .

[1] C. Liu, Z.Y. Wang et al, [Online] 16 Jun. 2022 for BESIII Summer Collaboration Meeting in Beijing

*cite the published paper 



Systematic uncertainty [II] 

VII. 𝚲 ഥ𝚲 reconstruction: The systematic uncertainty of Λ ഥΛ reconstruction is studied using the control sample of 𝐉/𝛙 →

𝒑𝐊−ഥ𝚺𝟎 (→ 𝛄ഥ𝚲) + c.c..

⚫ For reconstruction efficiency of Λ (ഥΛ) in the process J/ψ → pK Σ0 (→ γΛ), we tag തpK+(pK−)γ candidates, and fit the recoil mass of 

ഥ𝐩𝐊+(𝐩𝐊−)𝛄 to estimate the number of  𝚲(ഥ𝚲) yield.

The combined efficiency of tracking and reconstruction for Λ and ഥΛ have been given by using the control sample of J/ψ → pK−തΣ0 (→

γഥΛ) to be 1.8% and 1.5%, respectively.

VIII. Systematic uncertainty on fit 

⚫ Signal Shape: The uncertainty caused by signal function is estimated by removing the Gaussian convolution in MC-simulated 

shape. 

⚫ Background shape： The uncertainties due to the background shape is estimated by replacing the nominal parameterized MC 

shape , which is obtained by the MC sample of 𝜓 3683 → 𝛾ΛതΛ𝝓 , with second order polynomial.

⚫ Fitting range：By changing the fitting range , the one with greatest difference from the original result is taken as the systematic 

uncertainty.

IX. MC generator

⚫ To study the systematic uncertainty in the modified MC generator, we varying ± 1 𝜎 for the level of background in the input Dalitz

plot, where the 𝜎 denotes the statistical uncertainty of the background which determined from the fit result.  The largest change 

to the nominal detection efficiency is taken as the systematic uncertainty, which the uncertainty values of 𝜒𝑐1,2 are determined to 

be 2.5% and 0.4%, respectively.

IX. Branching fraction quoted

⚫ The uncertainties to the quoted decay branching fraction of the intermediate particles are extracted from the PDG. 17
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Systematic uncertainty [III] 

Mode: 𝛘𝐜𝟎 → 𝚲ഥ𝚲𝛟 𝛘𝐜𝟏 → 𝚲ഥ𝚲𝛟 𝛘𝐜𝟐 → 𝚲ഥ𝚲𝛟

Tracking for Kaon 2.0% 2.0% 2.0%

Kaon PID 2.0% 2.0% 2.0%

Photon detection 1.0% 1.0% 1.0%

Mass window 2.1% 2.0% 2.1%

Scale factor f𝛟 0.3% 0.2% 0.3%

Kinematic fit 1.3% 1.3% 1.3%

Λ reconstruction 1.8% 1.8% 1.8%

ഥΛ reconstruction 1.5% 1.5% 1.5%

Signal range 1.1% 0.4% 0.3%

Background shape 0.4% 1.8% Negligible

Fitting range 1.8% 1.1% 1.0%

MC generator - 2.5% 0.4%

Branching fraction quoted 2.5% 2.9% 2.6%

The total number of 𝜓 3686 1.0% 1.0% 1.0%

Total 5.7% 6.4% 5.4%



Summary & Next to do

Next to do

Preparing for the P&S meeting

✓ Signal of 𝛘𝐜𝟏,𝟐 → 𝚲ഥ𝚲𝛟 are observed with significance of 11.5 𝛔 and 

14.5 𝛔, respectively.

✓ The evidence of 𝛘𝐜𝟎 → 𝚲ഥ𝚲𝛟 is observed with significance of 4.6𝝈

above.

✓ No obvious structure found in the 𝚲𝛟 and 𝚲ഥ𝚲 system . 

✓ Estimate the systematic uncertainty.

19

Thank You! ☺



Thank You! 

;)
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Back up 

• We fit the mass spectrum of p𝜋, 𝜎p𝜋 = 2MeV.

• We fit the mass spectrum of 𝐾+𝐾−,𝜎 = 6MeV . And a sideband region is selected.

1.055 < M(K+K−) sideband < 1.091 GeV/c2

• The scale factor fϕ between ϕ signal and sideband region is determined to be 0.71 by the 

integral of sideband and signal region. 

21



Initial Event Selection
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𝛘𝐜𝐉 → 𝛀−ഥ𝛀+



Back up 

Mode 𝝌𝒄𝟎 → 𝚲ഥ𝚲𝛟 𝝌𝒄𝟏 → 𝚲ഥ𝚲𝛟 𝝌𝒄𝟐 → 𝚲ഥ𝚲𝛟

𝜙 mass window 6.1% 1.5% 1.5%

ΛഥΛ 2 −D mass window 2.9% 1.3% 1.1%

Ω−ഥΩ+ 2 −D mass window 1.7% 0.4% 1.0%

Fit 7.0% 2.0% 2.1%

Systematic uncertainty of Mass window



Event selection of control sample: 𝝍 → 𝝅+𝝅−𝐽/𝜓 , 𝐽/𝜓 → ΛഥΛ

◼ Charge track

• With the same selection criteria as 𝜓 3686 → 𝛾𝜒𝑐𝐽 → 𝛾ΛഥΛ

• Npositive ≥ 3,Nnegative ≥ 3

◼ 𝚲 (ഥ𝚲 )reconstruction 

Looping over all the combination of  positive and negative charged tracks 

pairs.

We require two virtual particle, Λ and ഥΛ can be reconstructed in this 

combinations. Then ,the minimum mass deviation is combined of ΛഥΛ to 

selected them. 

𝛥min = 𝑀𝑝𝜋− −𝑚𝛬
2
+ 𝑀 ҧ𝑝𝜋+ −𝑚ഥ𝛬

2
⇒ 𝛬

min
, ҧ𝛬min

◼ 𝝅+ and  𝝅−(not from 𝚲 or ഥ𝚲 decay) selection

• the charged track not belonging to any of Λ(ഥΛ) candidates

• |Vz| < 10, |Vxy| < 1

Systematic uncertainty of 4-C Kinematic fit[1] 
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Event selection of control sample: 𝝍 → 𝜼 𝑱/𝝍,  𝑱/𝝍→ 𝚲ഥ𝚲 𝝅+𝝅−

◼ Charge track

• With the same selection criteria as 𝜓 3686 → 𝛾𝜒𝑐𝐽 → 𝛾ΛതΛ

• Npositive ≥ 3,Nnegative ≥ 3

◼ Good photon

• 𝐍𝛄 ≥ 2

◼ 𝚲 (ഥ𝚲 )reconstruction 

Looping over all the combination of  positive and negative charged tracks pairs. We require 

two virtual particle, Λ and തΛ can be reconstructed in this combinations. Then ,the minimum 

mass deviation is combined of ΛതΛ to selected them. 

𝛥min = 𝑀𝑝𝜋− −𝑚𝛬
2
+ 𝑀 ҧ𝑝𝜋+ −𝑚ഥ𝛬

2
⇒ 𝛬

min
, ҧ𝛬min

◼ 𝜼 reconstruction

• A 1C-kinematic fit is performed on the selected photon pairs by constraining their 

invariant mass to the 𝜂 mass.

◼ 𝝅+ and and 𝝅−(not from 𝚲 or ഥ𝚲 decay) selection

• the charged track not belonging to any of Λ(തΛ) candidates

• |Vz| < 10, |Vxy| < 1

Systematic uncertainty of 4-C Kinematic fit[2] 
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𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐬𝐚𝐦𝐩𝐥𝐞：
𝝍 → 𝝅+𝝅−𝐽/𝜓 , 𝐽/𝜓 → ΛഥΛ

Systematic uncertainty of 4-C Kinematic fit[3] 
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Data(fit) Inc. MC(fit)

With K.F. (𝝌𝟒𝑪
𝟐 < 𝟔𝟎) 120360.4 ± 373.5 124865.1± 371.7

Without K.F. 136699.0± 423.2 141341.4 ± 420.4

Efficiency(𝛆%) 88.1 88.3

𝚫(%) 0.2

control sample: 

𝝍 → 𝜼 𝑱/𝝍,  𝑱/𝝍→ 𝚲ഥ𝚲 𝝅+𝝅−

Data(fit) Inc. MC(fit)

With K.F. (𝝌𝟒𝑪
𝟐 < 𝟔𝟎) 2158.5 ± 53.4 4619.3 ± 75.9

Without K.F. 2960.9 ± 106.3 6413.6 ± 134.5

Efficiency(𝛆%) 72.0 72.9

𝚫(%) 1.2



𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐬𝐚𝐦𝐩𝐥𝐞：
𝝍 → 𝝅+𝝅−𝐽/𝜓 , 𝐽/𝜓 → ΛഥΛ

𝜒2 < 60 , 𝜖4𝐶 = 0.2%

control sample: 

𝝍 → 𝜼 𝑱/𝝍,  𝑱/𝝍→ 𝚲ഥ𝚲 𝝅+𝝅−

𝜒2 < 60 , 𝜖5𝐶 = 1.2%

Systematic uncertainty of 4-C Kinematic fit[3] 
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◼Charge track

• 𝑐𝑜𝑠𝜃 < 0.93

• Npositive ≥ 1, Nnegative ≥ 1

• No vertex constraint 

◼Good photon

• regular conditions

• 𝑵𝜸 ≥ 𝟏

• Requires the momentum of the photon < 140MeV

◼PID

• N(p)>1 , N(𝐾−)>1

𝑉𝑧 < 3𝑐𝑚, 𝑉𝑥𝑦 < 0.2𝑐𝑚

◼ RM(𝒑𝑲−𝜸)

• By minimizing the mass deviation(Δ) of RM(𝒑𝑲−𝜸):

𝛥min = | 𝑅𝑀 𝑝𝐾−𝛾 −𝑚𝛬
2
|

• To suppress the background , 𝑅𝑀(𝑝𝐾−) ∈ 1.185,1.205 GeV/c2 and  𝑃 𝑝 > 0.45 GeV are required.

Systematic uncertainty of combined tracking and recons.-efficiency of ഥ𝚲 [II]

𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 𝐈𝐈: Τ𝐉 𝛙 → 𝐩𝐊−ഥ𝚺𝟎, ഥ𝚺𝟎 → 𝛄ഥ𝚲 (for 𝑷𝒂𝒓𝒕𝒊𝒂𝒍 reconstruction）
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◼Charge track

• 𝑐𝑜𝑠𝜃 < 0.93
• Npositive ≥ 2, Nnegative ≥ 2

• No vertex constraint 

◼Good photon

• Regular conditions

• 𝑵𝜸 ≥ 𝟏

• Requires the momentum of the photon < 140MeV

◼ ഥ𝚲 reconstruction 

• With the same selection criteria as 𝜓 3686 → 𝛾𝜒𝑐𝐽 → 𝛾ΛഥΛ

◼PID

• The charged track not belonging to any of ഥΛ candidates.

• 𝑉𝑧 < 3𝑐𝑚, 𝑉𝑥𝑦 < 0.2𝑐𝑚

• N(p)>1 , N(𝐾−)>1
◼ RM(𝒑𝑲−𝜸)

• By minimizing the mass deviation(Δ) of RM(𝒑𝑲−𝜸):

𝛥min= | 𝑅𝑀 𝑝𝐾−𝛾 −𝑚𝛬
2
|

• To suppress the background , 𝑅𝑀(𝑝𝐾−) ∈ 1.185,1.205 GeV/c2 and 𝑃 𝑝 > 0.45 𝐺𝑒𝑉 are required.

Systematic uncertainty of combined tracking and recons.-efficiency of ഥ𝚲 [II] 

𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 𝐈𝐈: Τ𝐉 𝛙 → 𝐩𝐊−ഥ𝚺𝟎, ഥ𝚺𝟎 → 𝛄ഥ𝚲 (for 𝑭𝒖𝒍𝒍 reconstruction）
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Systematic uncertainty of combined tracking and recons.-efficiency of ഥ𝚲 [II]

Peaking 

background

(09+12) Inc. MC

(Partial reconstruction)

(09+12) Inc. MC

(Full reconstruction)

Signal 

channel

The contribution from peak background 𝐽/𝜓 → 𝑝𝐾−ഥΛ that have been normalized into the data is negligible.

𝑵𝑷𝒆𝒂𝒌𝒊𝒏𝒈𝑩𝑲𝑮.
𝑺𝒄𝒂𝒍𝒆 = 𝑵 Τ𝑱 𝝍

𝟎𝟗+𝟏𝟐 ⋅ 𝜺 ⋅ 𝑩𝒓 Τ𝑱 𝝍 → 𝒑𝑲−ഥ𝜦 ⋅ 𝑩𝒓 ഥ𝜦 → ഥ𝒑𝝅+ ∼ 𝟕𝟕

• 𝜺=𝟐. 𝟏𝟑 × 𝟏𝟎−𝟒

30



Systematic uncertainty of combined tracking and recons.-efficiency of 𝚲[II]

Signal 

channel

Peaking 

background

(18+19)/10.  Inc. MC

(Partial reconstruction)

(18+19)/10.  Inc. MC

(Full reconstruction)

The contribution from peak background 𝐽/𝜓 → ҧ𝑝𝐾+Λ that have been normalized into the data is negligible.
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Data

Partial-recon.

Inc. MC

Partial-recon.

Inc. MC

Full-recon.

Data

Full-recon.

Data

Partial-recon.
Inc. MC

Partial-recon.

Data

Full-recon.
Inc. MC

Full-recon.

09+12 (18+19)/10 to check

ഥ𝚲 reconstruction Data(fit) Inc. MC(fit)

𝐑𝐌 𝐩𝐊−𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟐) 70835.7±439.3 62784.9 ± 330.7

𝐑𝐌 𝐩𝐊−𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟒) 26320.9 ± 266.0 23374.1 ± 216.1

Efficiency(𝛆%) 59.13 58.26

𝚫(%) 1.5

ഥ𝚲 reconstruction Data Inc. MC

𝐑𝐌 𝐩𝐊−𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟐) 48161.0±305.4 39245.2 ±265.4

𝐑𝐌 𝐩𝐊−𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟒) 17909.6 ± 195.6 14706.6 ± 186.7

Efficiency(𝛆%) 58.20 58.64

𝚫(%) 0.8

Systematic uncertainty of combined tracking and recons.-efficiency of ഥ𝚲(II)

𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 𝐈𝐈: Τ𝐉 𝛙 → 𝐩𝐊−ഥ𝚺𝟎, ഥ𝚺𝟎 → 𝛄ഥ𝚲
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Data

Partial-recon.

Inc. MC

Partial-recon.

Data

Full-recon.

Inc. MC

Full-recon.

Data

Partial-recon.

Inc. MC

Partial-recon.

Data

Full-recon.

Inc. MC

Full-recon.

𝚲 reconstruction Data Inc. MC

𝐑𝐌 ഥ𝐩𝐊+𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟐) 69127.7±326.2 62009.7 ± 296.6

𝐑𝐌 ഥ𝐩𝐊+𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟒) 26851.0 ± 263.9 24142.7 ± 215.4

Efficiency(𝛆%) 60.79% 60.93%

𝚫(%) 0.2

𝚲 reconstruction Data Inc. MC

𝐑𝐌 ഥ𝐩𝐊+𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟐) 50204.4±256.9 39250.4 ± 260.2

𝐑𝐌 ഥ𝐩𝐊+𝛄 (𝐍𝐜𝐡𝐫𝐠 ≥ 𝟒) 18600.4 ± 235.8 14809.1 ± 163.4

Efficiency(𝛆%) 57.98% 59.05%

𝚫(%) 1.8

09+12
(18+19)/10 to check

Systematic uncertainty of combined tracking and recons.-efficiency of 𝚲(II)

𝐜𝐨𝐧𝐭𝐫𝐨𝐥 𝐬𝐚𝐦𝐩𝐥𝐞 𝐈𝐈: 𝐉/𝛙 → ഥ𝐩𝐊+𝚺𝟎, 𝚺𝟎 → 𝛄𝚲
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Systematic uncertainty of combined 

tracking and recons.-efficiency of ഥ𝚲

Systematic uncertainty of combined 

tracking and recons.-efficiency of 𝚲

Partial-recon. Full-recon.

Partial-recon. Full-recon.

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑎𝑚𝑝𝑙𝑒:
𝐽/𝜓 → 𝑝𝐾−തΣ0, തΣ0 → 𝛾ഥΛ

𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑠𝑎𝑚𝑝𝑙𝑒:
𝐽/𝜓 → ҧ𝑝𝐾+Σ0, Σ0 → 𝛾Λ
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