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Motivation
• Exclusive P-wave Charmonium states 𝜒𝑐𝐽 (J=0,1,2)𝛴− ത𝛴+ into

baryon-antibaryon pairs (B ത𝐵) are considered to be a favorable test of
pQCD theory and also to test the color octet mechanism (COM).

• The 𝜒𝑐𝐽 meason are not produced directly in 𝑒+𝑒−annihilations but

assumed to process via annihilations of the constituents ഥc𝑐 pairs into
three gluons or virtual photon.

Figure: Feynman graphs for 𝜓(2S) decay into B ത𝐵 (a) Three-gluon contribution 

(b) Electromagnetic contribution.5/21/2018 3



• The large BFs of 𝜓(2S)γ𝜒𝑐𝐽 make 𝑒+𝑒−collision at the 𝜓(2S) 

energy a very clean environment for 𝜒𝑐𝐽 investigation.

• BF of 𝜒𝑐𝐽 → 𝛴+ ത𝛴− had been well measured by BesIII and CLEO. 
[https://arxiv.org/abs/1710.07922,PhysRevD.78.031101].

• Experimentally, no measurements for 𝜒𝑐𝐽 → 𝛴− ത𝛴+ has been 

performed yet.
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Data Sets 

• Boss Version:

 Analysis Environment: Boss 664p03

• Data Sets:

 107.0 M 𝜓′ of 2009 year and 341.1 M 𝜓′ of 2012 year

• Signal MC : Generated 1M Events.

MC Sample: Use  KKMC Event Generator.  

 Decay Chain :

 𝜓′→ 𝜸𝝌𝒄𝟎 in P2GC0.

 𝝌𝒄𝟎 → 𝜮−ഥ𝜮+in 𝑃𝐻𝑆𝑃.

 𝜮− → 𝒏𝝅− and  ഥ𝜮+ → ഥ𝒏𝝅+are in PHSP.

• Inclusive MC：506 M 𝜓′ MC，𝜓′⟶ Anything
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Pre-Selection 
• Good Charged Tracks:

 𝑉𝑧 < 30𝑐𝑚, 𝑉𝑟 < 10𝑐𝑚 and |Cos𝜃| ≤ 0.93 , p>1.0 GeV/c

 𝑁𝐺𝑜𝑜𝑑 = 2 and σ𝑄𝑖= 0.

• PID : dE/dX + TOF

 𝑃𝑟𝑜𝑏𝜋 > 𝑃𝑟𝑜𝑏𝑝 , 𝑃𝑟𝑜𝑏𝜋 > 𝑃𝑟𝑜𝑏𝑘 𝑎𝑛𝑑 𝑁𝜋− = 𝑁𝜋+ = 1

• Good Neutral Tracks:

 𝐸𝑏𝑎𝑟𝑟𝑒𝑙 > 80𝑀𝑒𝑉; 𝐸𝑒𝑛𝑑𝑐𝑎𝑝 > 80𝑀𝑒𝑉

At least 2 photons tracks 𝑁𝛾 ≥ 2 (1 for Gamma, 1 for Anti-Neutron).

The most energetic shower consider as ത𝑛 candidate, 𝐸ത𝑛> 0.2 GeV, 

numHits>20,Secmom>20.

• Further Slection : 

Do Kinematics Fit 1C :𝜸 𝝌𝒄𝟎,𝟏,𝟐 → 𝜸𝚺−ഥ𝚺+

For Nγ ≥ 2: Minimum  χ2
1C(𝜸𝚺−ഥ𝚺+) is chosen
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Comparison b/w Data and Signal MC

Second Moment > 20

𝑬ഥ𝒏 > 𝟎. 𝟐 GeV num_Hit > 20
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𝝌𝟏𝑪
𝟐 and 𝝅𝟎Reconstruction

𝝌𝟏𝑪
𝟐 < 20

For Further Selection: Other criteria are used 

𝑴𝝅𝟎> 0.12 &&𝑴𝝅𝟎 < 0.15
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Study of Peaking and Non- Peaking  Background in 

𝝌𝒄𝑱→ 𝚺−ഥ𝚺+to measure the BF.
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Event Selection to Minimized the Background

 Event Selection: 𝝍 ′ → 𝝅𝒐𝝅𝒐𝑱/𝝍 :

𝑴𝝅𝟎>0.12 &&𝑴𝝅𝟎< 0.15

Extracted BKG Channel In Inclusive MC
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Event Selection : 𝝍 ′→ 𝝅+𝝅−𝑱/𝝍
𝑴𝝅+𝝅− < 1.2

|𝑴𝝅+𝝅− −𝑴𝒌𝒔 | > 𝟎. 𝟎𝟏𝐆𝐞𝐕

 𝑴𝒓𝒆𝒄𝒐𝒊𝒍 𝝅
+𝝅− −𝑴𝑱/𝝍 > 𝟎. 𝟎𝟏 𝐆𝐞𝐕

Event Selection to Minimized the Background

𝑴𝝅+𝝅− < 1.2 |𝑴𝝅+𝝅− −𝑴𝒌𝒔 | > 𝟎. 𝟎𝟏

𝑴𝒓𝒆𝒄𝒐𝒊𝒍 𝝅
+𝝅− −𝑴𝑱/𝝍 > 𝟎.𝟎𝟏 𝐆𝐞𝐕

Extracted BKG Channel In Inclusive MC

5/21/2018
11



Event Selection : 𝝍 ′→ 𝚺−ഥ𝚺+OR 𝝅𝟎𝚺−ഥ𝚺+

 𝝌𝚺+ഥ𝚺−
𝟐 > 𝝌𝜸𝚺+ഥ𝚺−

𝟐

Event Selection to Minimized the Background

Extracted BKG Channel In Inclusive MC
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Categorization of the BKG In Inclusive MC

Normalization const. calculated = 5083 evens by using 

Preliminary result of BF 𝜓′ 𝚺−ഥ𝚺+considering to be (2.69 

± 0.03)*10-4
Reported by : Dr.Xiaorong (USTC).

Background channel Extracted from Inclusive MC Sample
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Signal MC Efficiency 

No. of 

Obs.

Selection Criteria Survived 

Events

Percentage

Efficiency %

Percentage

Total Efficiency %

01. Total Number 1000000 100 100

02. Charge Track cut 644720 65 65

03. EMC Shower cut 513507 79.6 51.4

04. Nbar Shower cut 513507 79.6 51.4

05. Pass PID 484992 75.3 48.6

06. Pass KM Fit 319121 62.1 31.9

Rate of Cut Flow for chi_c0 After KM Fit

Tot. Signal MC Efficiency = 9.6 %5/21/2018 14



Invariant Mass of  𝝌𝒄𝑱 and 𝚺−

2D Scatter Plot for Data 
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Measurement of Branching Fractions of  
𝝌𝒄𝟎,𝟏,𝟐 → 𝚺−ഥ𝚺+



Extraction of Signal

• There are peaking background in both 𝜮− and 𝝌𝒄𝑱 mass spectrum.

• The constitution of peaking backgrounds are complex.

• Here, we fit the M(𝝌𝒄𝑱) in each 𝜮− mass interval of data and extracted the 

number of signal events of 𝑁𝜒𝑐0 , 𝑁𝜒𝑐1, 𝑁𝜒𝑐2 .
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𝑴 𝜮− ∈ (𝟏. 𝟏𝟗, 𝟏. 𝟐𝟎)𝑴 𝜮− ∈ (𝟏. 𝟎𝟖, 𝟏. 𝟎𝟗) 𝑴 𝜮− ∈ (𝟏. 𝟐𝟓, 𝟏. 𝟐𝟔)



Preliminary Fitting Results

Difference of Signal events to Sideband events

(1). Difference of Signal Events around chi_c0 = 𝟐𝟏𝟒𝟏± 𝟏𝟏𝟓

(2). Difference of Signal Events around chi_c1 = 𝟐𝟏𝟎 ± 𝟓𝟔

(3). Difference of Signal Events around chi_c2 = 𝟏𝟐𝟔 ± 𝟒𝟑

𝑵𝝌𝒄𝟎
𝒐𝒃𝒔. = 𝟐𝟏𝟒𝟏 ± 𝟏𝟏𝟓

𝑵𝝌𝒄𝟏
𝒐𝒃𝒔. = 𝟐𝟏𝟎 ± 𝟓𝟔

𝑵𝝌𝒄𝟐
𝒐𝒃𝒔. = 𝟏𝟐𝟔 ± 𝟒𝟑
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Numerical Result for Branching Fractions of 𝝌𝒄𝑱→ 𝜮−ഥ𝜮+

• 𝕭 𝝌𝒄𝑱 → 𝜮−ഥ𝜮+ =
𝑵𝝌𝒄𝑱
𝑶𝒃𝒔.

𝑵
𝝍𝒅𝒂𝒕𝒂
′ 𝕭 𝝍′→𝜸𝝌𝒄𝑱 𝕭 𝜮−→𝒏 𝝅− 𝕭 ഥ𝜮+→ഥ𝒏𝝅+ 𝝐𝑱

Number used to Calculate the Branching Fractions:

1. 𝔅 𝜒𝑐0 → Σ− തΣ+ = 4.99± 𝟎. 𝟑 ∗ 𝟏𝟎−𝟒 in PDG 3.9 ∗ 10-4

2. 𝔅 𝜒𝑐1 → Σ−തΣ+ = 5.7± 𝟏. 𝟓 ∗ 𝟏𝟎−𝟓 in PDG < 6 ∗ 10 -5

3. 𝔅 𝜒𝑐2 → Σ−തΣ+ = 4.𝟒 ± 𝟏. 𝟓 ∗ 𝟏𝟎−𝟓 in PDG < 7 ∗ 10 -5

Channel 𝝌𝒄𝟎 → 𝜮−ഥ𝜮+ 𝝌𝒄𝟏 → 𝜮−ഥ𝜮+ 𝝌𝒄𝟐 → 𝜮−ഥ𝜮+

𝑵𝒇𝒊𝒕
𝑶𝒃𝒔. 2141 ± 115 210 ± 56 126 ± 43

Efficiency(𝝐𝑱)% 9.6 8.6 6.99

𝑵𝝍𝒅𝒂𝒕𝒂
′ (M) 448.1 448.1 448.1

𝕭 𝝍′ → 𝜸𝝌𝒄𝑱 % 9.99 9.55 9.11

𝕭 𝜮− → 𝒏 𝝅− % 99.848 99.848 99.848

𝕭 ഥ𝜮+ → ഥ𝒏𝝅+ % 99.848 99.848 99.848

Ref: https://arxiv.org/abs/1710.07922

This result taken from 

𝜒𝑐0 → Σ+തΣ− just as a 

Reference
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Summary and Next to Do...

By Reconstruction 𝜸𝒏ഥ𝒏𝝅+𝝅− final states, the process of 𝝌𝒄𝑱 → 𝜮−ഥ𝜮+ are 

observed for the first time.

The signal is extracted by bin-by-bin fit of 𝝌𝒄𝑱 mass spectra in each 𝜮− mass 

interval.

The branching fractions of 𝝌𝒄𝑱 → 𝜮−ഥ𝜮+ are given which are consistent with 

𝝌𝒄𝑱 → 𝜮+ഥ𝜮− process.

Systematic uncertainty study is ongoing.



Backup
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Data with Inclusive MC after All sections

Categorization of the BKG In Inclusive MC

Background channel Extracted from Inclusive MC Sample
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Sigma [1.15,1.25] Sigma Sideband [1.25,1.35]

Preliminary Fitting Results of  Inclusive MC 

Difference of Signal events to Sideband events

(1). Difference of Signal Events around chi_c0  = 1204 - 940   = 264 ±𝟑𝟏
(2). Difference of Signal Events around chi_c1  = 1027– 1042 = -15 ±𝟏𝟏
(3). Difference of Signal Events around chi_c2  = 622 - 732     = -110 ±𝟏𝟎
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Sigma [1.15,1.25] Sigma Sideband [1.25,1.35]

Difference of Signal events to Sideband events

(1). Difference of Signal Events around chi_c0 = 1359- 877 = 482±𝟒𝟒
(2). Difference of Signal Events around chi_c1 = 720  - 647 = 73 ±23

(3). Difference of Signal Events around chi_c2 = 585  - 563 = 22 ±21

Preliminary Fitting Result of Data
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Numerical Result for Branching Fractions of 𝝌𝒄𝑱

• 𝕭 𝝌𝒄𝑱 → 𝜮+ഥ𝜮− =
𝑵𝝌𝒄𝑱
𝑶𝒃𝒔.

𝑵
𝝍𝒅𝒂𝒕𝒂
′ 𝕭 𝝍′→𝜸𝝌𝒄𝑱 𝕭 𝜮+→𝒏 𝝅+ 𝕭 ഥ𝜮−→ഥ𝒏𝝅− 𝝐𝑱

Number used to Calculate the Branching Fractions:

1. 𝔅 𝜒𝑐0 → Σ+ തΣ− = (4.6 ± 𝟎. 𝟒) ∗ 𝟏𝟎−𝟒 in PDG 3.9 ∗ 10-4

2. 𝔅 𝜒𝑐1 → Σ+ തΣ− = (8.2 ± 𝟐. 𝟓) ∗ 𝟏𝟎−𝟓 in PDG < 6 ∗ 10 -5

3. 𝔅 𝜒𝑐2 → Σ+ തΣ− = (3.2 ± 𝟑. 𝟐) ∗ 𝟏𝟎−𝟓 in PDG < 7 ∗ 10 -5

Channel 𝝌𝒄𝟎 → 𝜮+ഥ𝜮− 𝝌𝒄𝟏 → 𝜮+ഥ𝜮− 𝝌𝒄𝟐 → 𝜮+ഥ𝜮−

𝑵𝒇𝒊𝒕
𝑶𝒃𝒔. 482 73 22

Efficiency(𝝐𝑱)% 9.97 8.94 7.27

𝑵𝝍𝒅𝒂𝒕𝒂
′ (M) 448.1 448.1 448.1

𝕭 𝝍′ → 𝜸𝝌𝒄𝑱 % 9.99 9.55 9.11

𝕭 𝜮+ → 𝒏 𝝅+ % 48.31 48.31 48.31

𝕭 ഥ𝜮− → ഥ𝒏𝝅− % 48.31 48.31 48.31

Ref: https://arxiv.org/abs/1710.07922
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