
1 

Search for 𝑋(3823) new decay modes 

Jielei Zhang1     Jingzhi Zhang2 

1Xinyang Normal University 
2Insitute of High Energy Physics 



2 

Outline 

1、Motivation 

2、Data sets 

3、Study of 𝑒+𝑒− → 𝜋+𝜋−𝑋(3823),𝑋(3823) → 𝛾𝜒𝑐1 

4、Search for 𝑋 3823  new decay modes 
𝑋 3823 → 𝛾𝜒𝑐0, 𝛾𝜒𝑐2, 𝜂𝐽/𝜓, 𝜋

0𝐽/𝜓, 𝜋+𝜋−𝐽/𝜓, 𝜋0𝜋0𝐽/𝜓 
5、Systematic uncertainty estimation 

6、Summary 



3 

Motivation 

1. Evidence of 𝑋(3823) was found by 
Belle, then BESIII observed the state. 
 

2. Until now, only 𝑋(3823) decay 
mode 𝑋(3823) → 𝛾𝜒𝑐1 is observed. 
More decay modes will be searched 
for, such as 𝛾𝜒𝑐0, 𝛾𝜒𝑐2, 𝜂𝐽/𝜓, 𝜋0𝐽/𝜓, 
𝜋+𝜋−𝐽/𝜓, 𝜋0𝜋0𝐽/𝜓. It is useful to 
understand the nature of 𝑋(3823) . 
 

3. In this work, we will try to search 
for these 𝑋(3823) decay modes. 
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Data sets 

Boss Version : 7.0.3 and 7.0.4 

Data sets : 
 

All XYZ data at 𝑠 >4.3 GeV, it includes: 
 

Previous data: 
 

4310scan,4360,4390scan,4420,4420scan,4470,4530,4575,4600  
(9 energy points) 
 

New data: 
 

4315,4340,4380,4400,4440  
(5 energy points) 
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Data sets 

Signal MC : 

1、𝑒+𝑒− → 𝜋+𝜋−𝑋(3823), 𝑋(3823) → 𝛾𝜒𝑐1, 𝜒𝑐1 → 𝛾𝐽/𝜓 
2、𝑒+𝑒− → 𝜋+𝜋−𝑋(3823), 𝑋(3823) → 𝛾𝜒𝑐2, 𝜒𝑐2 → 𝛾𝐽/𝜓 
3、𝑒+𝑒− → 𝜋+𝜋−𝑋(3823), 𝑋(3823) → 𝜂𝐽/𝜓, 𝜂 → 𝛾𝛾 
4、𝑒+𝑒− → 𝜋+𝜋−𝑋(3823), 𝑋(3823) → 𝜋0𝐽/𝜓, 𝜋0 → 𝛾𝛾 
5、𝑒+𝑒− → 𝜋+𝜋−𝑋(3823), 𝑋(3823) → 𝜋0𝜋0𝐽/𝜓, 𝜋0 → 𝛾𝛾 
6、𝑒+𝑒− → 𝜋+𝜋−𝑋(3823), 𝑋(3823) → 𝜋+𝜋−𝐽/𝜓 
7、𝑒+𝑒− → 𝜋+𝜋−𝑋(3823), 𝑋(3823) → 𝛾𝜒𝑐0, 𝜒𝑐0 → 𝜋

+𝜋−/𝐾+𝐾− 

Some possible background MC : 

1、𝑒+𝑒− → 𝜂𝐽/𝜓, 𝜂 → 𝜋+𝜋−𝜋0 
2、𝑒+𝑒− → 𝜂′𝐽/𝜓, 𝜂′ → 𝜋+𝜋−𝜂 
3、𝑒+𝑒− → 𝜂𝜓′, 𝜓′ → 𝜋+𝜋−𝐽/𝜓 
4、𝑒+𝑒− → 𝜋0𝜓′, 𝜓′ → 𝜋+𝜋−𝐽/𝜓 
5、𝑒+𝑒− → 𝜋+𝜋−𝜓′, 𝜓′ → 𝜋+𝜋−𝐽/𝜓 
6、𝑒+𝑒− → 𝜋0𝜋0𝜓′, 𝜓′ → 𝜋+𝜋−𝐽/𝜓 
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𝑋 3823 → 𝛾𝜒𝑐1 

𝜒𝑐1 → 𝛾𝐽/𝜓 → 𝛾𝑒
+𝑒−/𝜇+𝜇− 



Other selections 
- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- Veto 𝜋0 : (0.11, 0.16) GeV 
- Veto 𝜂 : (0.51, 0.58) GeV 
- 𝜒𝑐1 mass window : (3.49, 3.53) GeV 
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Event selections 

Charged tracks 
- 𝑅𝑥𝑦 < 1𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚 
- 𝑐𝑜𝑠𝜃 < 0.93 
- 𝑁 = 4, 𝑄 = 0 

Good photon 
- 0 ≤ 𝑇𝐷𝐶 ≤ 14 
- Barrel : 
   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8 
- Endcap : 
 𝐸 > 0.050 GeV, 0.86 < 𝑐𝑜𝑠𝜃 < 0.92 

- ∆𝜃 > 100 
- 𝑁𝛾 ≥ 2 

Particle identification 
- 𝜋 ∶  𝑃𝑚𝑑𝑐 < 1 GeV 
- 𝑒 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 > 1 GeV 
- 𝜇 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 < 0.4 GeV 

4C kinematic fit 
- Choose the photons with least 𝜒2 
- 𝜒2 < 60 
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𝜒2 distribution 

𝜒2 distribution from 4C: 𝜒2 < 60 

Note: All the figures below are for events in 𝑋(3823) fit region 
[3.77, 3.88] GeV, and after all other requirements are applied.  
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Background study 

1. 𝑀(𝛾𝛾) < 0.11||𝑀(𝛾𝛾) > 0.16 GeV 
2. 𝑀(𝛾𝛾) < 0.51||𝑀(𝛾𝛾) > 0.58 GeV 

To veto 𝜋0 and 𝜂 backgrounds: 
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Some distributions 

- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- 𝜒𝑐1 mass window : (3.49, 3.53) GeV 
- 𝜒𝑐1 sideband region : (3.43, 3.48) GeV 

Clear 𝑋(3823) signals 
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𝑋 3823 → 𝛾𝜒𝑐2 

𝜒𝑐2 → 𝛾𝐽/𝜓 → 𝛾𝑒
+𝑒−/𝜇+𝜇− 



Other selections 
- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- Veto 𝜋0 : (0.11, 0.16) GeV 
- Veto 𝜂 : (0.51, 0.58) GeV 
- 𝜒𝑐2 mass window : (3.54, 3.57) GeV 
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Event selections 

Charged tracks 
- 𝑅𝑥𝑦 < 1𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚 
- 𝑐𝑜𝑠𝜃 < 0.93 
- 𝑁 = 4, 𝑄 = 0 

Good photon 
- 0 ≤ 𝑇𝐷𝐶 ≤ 14 
- Barrel : 
   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8 
- Endcap : 
 𝐸 > 0.050 GeV, 0.86 < 𝑐𝑜𝑠𝜃 < 0.92 

- ∆𝜃 > 100 
- 𝑁𝛾 ≥ 2 

Particle identification 
- 𝜋 ∶  𝑃𝑚𝑑𝑐 < 1 GeV 
- 𝑒 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 > 1 GeV 
- 𝜇 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 < 0.4 GeV 

4C kinematic fit 
- Choose the photons with least 𝜒2 
- 𝜒2 < 60 
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𝜒2 distribution 

𝜒2 distribution from 4C: 𝜒2 < 60 



14 

Background study 

1. 𝑀(𝛾𝛾) < 0.11||𝑀(𝛾𝛾) > 0.16 GeV 
2. 𝑀(𝛾𝛾) < 0.51||𝑀(𝛾𝛾) > 0.58 GeV 

To veto 𝜋0 and 𝜂 backgrounds: 
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Some distributions 

- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- 𝜒𝑐2 mass window : (3.54, 3.57) GeV 
- 𝜒𝑐2 sideband region : (3.43, 3.48) GeV 

Some 𝑋(3823) signals 
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𝑋 3823 → 𝜂𝐽/𝜓 
𝜂 → 𝛾𝛾 

𝐽/𝜓 → 𝑒+𝑒−/𝜇+𝜇− 



Other selections 
- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- 𝜂 mass window : (0.52, 0.57) GeV 
- Veto 𝜒𝑐1,2 : (3.49, 3.57) GeV 
- Veto 𝜂′ : (0.94, 0.97) GeV 
- Veto 𝜓(3686) : (3.675, 3.695) GeV 
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Event selections 

Charged tracks 
- 𝑅𝑥𝑦 < 1𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚 
- 𝑐𝑜𝑠𝜃 < 0.93 
- 𝑁 = 4, 𝑄 = 0 

Good photon 
- 0 ≤ 𝑇𝐷𝐶 ≤ 14 
- Barrel : 
   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8 
- Endcap : 
 𝐸 > 0.050 GeV, 0.86 < 𝑐𝑜𝑠𝜃 < 0.92 

- ∆𝜃 > 100 
- 𝑁𝛾 ≥ 2 

Particle identification 
- 𝜋 ∶  𝑃𝑚𝑑𝑐 < 1 GeV 
- 𝑒 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 > 1 GeV 
- 𝜇 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 < 0.4 GeV 

4C kinematic fit 
- Choose the photons with least 𝜒2 
- 𝜒2 < 60 
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𝜒2 distribution 

𝜒2 distribution from 4C: 𝜒2 < 60 
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Background study 

To veto 𝜒𝑐1,2 background: 
𝑀(𝛾𝐻𝐽/𝜓) < 3.49||𝑀(𝛾𝐻𝐽/𝜓) > 3.57 GeV 

To veto 𝜂′ background: 
𝑀(𝛾𝛾𝜋+𝜋−) < 0.94||𝑀(𝛾𝛾𝜋+𝜋−) > 0.97 GeV 

To veto 𝜓(3686) background: 
𝑀(𝜋+𝜋−𝐽/𝜓) < 3.675||𝑀(𝜋+𝜋−𝐽/𝜓) > 3.695 GeV 
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Some distributions 

- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- 𝜂 mass window : (0.52, 0.57) GeV 

No significant 𝑋(3823) signals 
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𝑋 3823 → 𝜋0𝐽/𝜓 
𝜋0 → 𝛾𝛾 

𝐽/𝜓 → 𝑒+𝑒−/𝜇+𝜇− 



Other selections 
- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- 𝜋0 mass window : (0.12, 0.15) GeV 
- Veto 𝜂 : (0.51, 0.58) GeV 
- Veto 𝜓(3686) : (3.675, 3.695) GeV 
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Event selections 

Charged tracks 
- 𝑅𝑥𝑦 < 1𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚 
- 𝑐𝑜𝑠𝜃 < 0.93 
- 𝑁 = 4, 𝑄 = 0 

Good photon 
- 0 ≤ 𝑇𝐷𝐶 ≤ 14 
- Barrel : 
   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8 
- Endcap : 
 𝐸 > 0.050 GeV, 0.86 < 𝑐𝑜𝑠𝜃 < 0.92 

- ∆𝜃 > 100 
- 𝑁𝛾 ≥ 2 

Particle identification 
- 𝜋 ∶  𝑃𝑚𝑑𝑐 < 1 GeV 
- 𝑒 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 > 1 GeV 
- 𝜇 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 < 0.4 GeV 

4C kinematic fit 
- Choose the photons with least 𝜒2 
- 𝜒2 < 60 
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𝜒2 distribution 

𝜒2 distribution from 4C: 𝜒2 < 60 
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Background study 

No significant 𝜒𝑐1,2 background To veto 𝜂 background: 
𝑀(𝛾𝛾𝜋+𝜋−) < 0.51||𝑀(𝛾𝛾𝜋+𝜋−) > 0.58 GeV 

To veto 𝜓(3686) background: 
𝑀(𝜋+𝜋−𝐽/𝜓) < 3.675||𝑀(𝜋+𝜋−𝐽/𝜓) > 3.695 GeV 
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Some distributions 

- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- 𝜋0 mass window : (0.12, 0.15) GeV 

No significant 𝑋(3823) signals 
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𝑋 3823 → 𝜋0𝜋0𝐽/𝜓 
𝜋0 → 𝛾𝛾 

𝐽/𝜓 → 𝑒+𝑒−/𝜇+𝜇− 



Other selections 
- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 
- Veto 𝜓(3686) : (3.66, 3.71) GeV 
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Event selections 

Charged tracks 
- 𝑅𝑥𝑦 < 1𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚 
- 𝑐𝑜𝑠𝜃 < 0.93 
- 𝑁 = 4, 𝑄 = 0 

Good photon 
- 0 ≤ 𝑇𝐷𝐶 ≤ 14 
- Barrel : 
   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8 
- Endcap : 
 𝐸 > 0.050 GeV, 0.86 < 𝑐𝑜𝑠𝜃 < 0.92 

- ∆𝜃 > 100 
- 𝑁𝛾 ≥ 4 

Particle identification 
- 𝜋 ∶  𝑃𝑚𝑑𝑐 < 1 GeV 
- 𝑒 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 > 1 GeV 
- 𝜇 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 < 0.4 GeV 

6C kinematic fit 
- M(𝛾𝛾) is constrained to M(𝜋0) 
- Choose the photons with least 𝜒2 
- 𝜒2 < 60 
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𝜒2 distribution 

𝜒2 distribution from 6C: 𝜒2 < 60 
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Background study 

To veto 𝜓(3686) background: 
𝑀(𝜋+𝜋−𝐽/𝜓) < 3.66||𝑀(𝜋+𝜋−𝐽/𝜓) > 3.71 GeV 



30 

Some distributions 

- 𝐽/𝜓 mass window : (3.075, 3.125) GeV 

No significant 𝑋(3823) signals 
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𝑋 3823 → 𝜋+𝜋−𝐽/𝜓 
𝐽/𝜓 → 𝑒+𝑒−/𝜇+𝜇− 



Other selections 
- 𝐽/𝜓 mass window : (3.09, 3.11) GeV 
- Veto 𝜓(3686) : (3.66, 3.71) GeV 
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Event selections 

Charged tracks 
- 𝑅𝑥𝑦 < 1𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚 
- 𝑐𝑜𝑠𝜃 < 0.93 
- 𝑁 = 6, 𝑄 = 0 

Particle identification 
- 𝜋 ∶  𝑃𝑚𝑑𝑐 < 1 GeV 
- 𝑒 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 > 1 GeV 
- 𝜇 ∶  𝑃𝑚𝑑𝑐 > 1 GeV&&𝐸𝑒𝑚𝑐 < 0.4 GeV 

4C kinematic fit 
- 𝜒2 < 60 
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𝜒2 distribution 

𝜒2 distribution from 4C: 𝜒2 < 60 
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Background study 

To veto 𝜓(3686) background: 
𝑀(𝜋+𝜋−𝐽/𝜓) < 3.66||𝑀(𝜋+𝜋−𝐽/𝜓) > 3.71 GeV 
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Some distributions 

- 𝐽/𝜓 mass window : (3.09, 3.11) GeV 

- Save all Mrecoil(𝜋
+𝜋−) combinations 

No significant 𝑋(3823) signals 
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𝑋 3823 → 𝛾𝜒𝑐0 

𝜒𝑐0 → 𝜋
+𝜋−/𝐾+𝐾− 



Other selections 
- 𝜒𝑐0 mass window : (3.39, 3.44) GeV 
- Veto 𝛾 conversion : cos𝜃𝜋+𝜋− < 0.9 
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Event selections 

Charged tracks 
- 𝑅𝑥𝑦 < 1𝑐𝑚, 𝑅𝑧 < 10𝑐𝑚 
- 𝑐𝑜𝑠𝜃 < 0.93 
- 𝑁 = 4, 𝑄 = 0 

Good photon 
- 0 ≤ 𝑇𝐷𝐶 ≤ 14 
- Barrel : 
   𝐸 > 0.025 GeV, 𝑐𝑜𝑠𝜃 < 0.8 
- Endcap : 
 𝐸 > 0.050 GeV, 0.86 < 𝑐𝑜𝑠𝜃 < 0.92 

- ∆𝜃 > 100 
- 𝑁𝛾 ≥ 1 

Particle identification 
- 𝜋 ∶  𝑃𝑚𝑑𝑐 < 1 GeV 
- 𝜋/𝐾(𝜒𝑐0): 𝑃𝑚𝑑𝑐 > 1 GeV 

4C kinematic fit 
- Choose the photon with least 𝜒2 
- 𝜒2 < 60 
- 𝜋 𝜒𝑐0 :  𝜒

2 𝜋𝜋 < 𝜒2(𝐾𝐾) 
- 𝐾 𝜒𝑐0 :  𝜒

2(𝐾𝐾) < 𝜒2(𝜋𝜋) 
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𝜒2 distribution 

𝜒2 distribution from 4C: 𝜒2 < 60 
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Background study 

To veto 𝛾 conversion events : cos𝜃𝜋+𝜋− < 0.9 
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Some distributions 

- 𝜒𝑐0 mass window : (3.39, 3.44) GeV 
No significant 𝑋(3823) signals 
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Simultaneous fit 

Signal :  
MC-determined signal MC shape 
convolved with a Gaussian function, 
the Gaussian function’s mean and 
width parameters are free, and are 
constrained to be same in all decay 
channels. 
Background :  
0th-order polynomial function. 
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 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐2

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐2 ℬ 𝜒𝑐2 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙− = 𝑁𝛾𝜒𝑐2  

ℬ 𝑋(3823) → 𝛾𝜒𝑐2
ℬ 𝑋(3823) → 𝛾𝜒𝑐1

=
𝑁𝛾𝜒𝑐2
𝑁𝛾𝜒𝑐1

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐2

𝑖

ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 

ℬ 𝜒𝑐2 → 𝛾𝐽 𝜓 
 

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐1 ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙− = 𝑁𝛾𝜒𝑐1  

𝑋(3823) → 𝛾𝜒𝑐2 

= 0.36−0.16
+0.20 ± 0.03 
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 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜂𝐽/𝜓

𝑖

ℬ 𝑋(3823) → 𝜂𝐽/𝜓 ℬ 𝜂 → 𝛾𝛾 ℬ 𝐽 𝜓 → 𝑙+𝑙− = 𝑁𝜂𝐽/𝜓 

ℬ 𝑋(3823) → 𝜂𝐽/𝜓

ℬ 𝑋(3823) → 𝛾𝜒𝑐1
=
𝑁𝜂𝐽/𝜓

𝑁𝛾𝜒𝑐1

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜂𝐽/𝜓

𝑖

ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 

ℬ 𝜂 → 𝛾𝛾
 

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐1 ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙− = 𝑁𝛾𝜒𝑐1  

𝑋 3823 → 𝜂𝐽/𝜓 

< 0.11 at 90% C.L. 
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 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜋0𝐽/𝜓

𝑖

ℬ 𝑋(3823) → 𝜋0𝐽/𝜓 ℬ 𝜋0 → 𝛾𝛾 ℬ 𝐽 𝜓 → 𝑙+𝑙− = 𝑁𝜋0𝐽/𝜓 

ℬ 𝑋(3823) → 𝜋0𝐽/𝜓

ℬ 𝑋(3823) → 𝛾𝜒𝑐1
=
𝑁𝜋0𝐽/𝜓

𝑁𝛾𝜒𝑐1

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜋0𝐽/𝜓

𝑖

ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 

ℬ 𝜋0 → 𝛾𝛾
 

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐1 ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙− = 𝑁𝛾𝜒𝑐1  

𝑋 3823 → 𝜋0𝐽/𝜓 

< 0.03 at 90% C.L. 
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 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜋0𝜋0𝐽/𝜓

𝑖

ℬ 𝑋(3823) → 𝜋0𝜋0𝐽/𝜓 ℬ2 𝜋0 → 𝛾𝛾 ℬ 𝐽 𝜓 → 𝑙+𝑙− = 𝑁𝜋0𝜋0𝐽/𝜓 

ℬ 𝑋(3823) → 𝜋0𝜋0𝐽/𝜓

ℬ 𝑋(3823) → 𝛾𝜒𝑐1
=
𝑁𝜋0𝜋0𝐽/𝜓

𝑁𝛾𝜒𝑐1

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜋0𝜋0𝐽/𝜓

𝑖

ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 

ℬ2 𝜋0 → 𝛾𝛾
 

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐1 ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙− = 𝑁𝛾𝜒𝑐1  

𝑋 3823 → 𝜋0𝜋0𝐽/𝜓 

< 0.19 at 90% C.L. 



46 

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜋+𝜋−𝐽/𝜓

𝑖

ℬ 𝑋(3823) → 𝜋+𝜋−𝐽/𝜓 ℬ 𝐽 𝜓 → 𝑙+𝑙− = 𝑁𝜋+𝜋−𝐽/𝜓 

ℬ 𝑋(3823) → 𝜋+𝜋−𝐽/𝜓

ℬ 𝑋(3823) → 𝛾𝜒𝑐1
=
𝑁𝜋+𝜋−𝐽/𝜓

𝑁𝛾𝜒𝑐1

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝜋+𝜋−𝐽/𝜓

𝑖

ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓  

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐1 ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙− = 𝑁𝛾𝜒𝑐1  

𝑋 3823 → 𝜋+𝜋−𝐽/𝜓 

< 0.08 at 90% C.L. 
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 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐0

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐0 ℬ 𝜒𝑐0 → 𝜋
+𝜋−/𝐾+𝐾− = 𝑁𝛾𝜒𝑐0  

ℬ 𝑋(3823) → 𝛾𝜒𝑐0
ℬ 𝑋(3823) → 𝛾𝜒𝑐1

=
𝑁𝛾𝜒𝑐0
𝑁𝛾𝜒𝑐1

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐0

𝑖

ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙−

ℬ 𝜒𝑐0 → 𝜋
+𝜋−/𝐾+𝐾−

 

 ℒ𝑖𝜎𝑖 1 + 𝛿 𝑖𝜀𝑖
𝛾𝜒𝑐1

𝑖

ℬ 𝑋(3823) → 𝛾𝜒𝑐1 ℬ 𝜒𝑐1 → 𝛾𝐽 𝜓 ℬ 𝐽 𝜓 → 𝑙
+𝑙− = 𝑁𝛾𝜒𝑐1  

𝑋(3823) → 𝛾𝜒𝑐0 

< 0.41 at 90% C.L. 



1、Tracking efficiency(1% per track) 
 
2、Photon efficiency(1% per photon) 
 
3、Input branching fraction 
     The systematic uncertainty of the branching fraction is quoted 
from PDG. 
 
4、Kinematic fit       
     The difference in MC efficiency between before and after the 
helix parameters correction is taken as the systematic uncertainty. 
 
5、Input line-shape 
     We take the 𝜓(4415) line-shape with parameters from PDG as the 
input line-shape to get the nominal results. And to get uncertainty, 
we change the line-shape to the 𝜓(4360) line-shape with parameters 
from PDG. 

Systematic uncertainty 
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6、MC decay model 
     The process 𝑒+𝑒− → 𝜋+𝜋−𝑋(3823) is generated by the three-body 
phase space model. To get uncertainty, we try to model the 𝑒+𝑒− →
𝜋+𝜋−𝑋(3823) process with a 𝐷-wave in the MC simulation. The 
difference in the results between the 𝐷-wave model and three-body 
phase space is taken as the systematic uncertainty. 
 
7、Fit method 
     For the fit range, we vary the limit of the fit range by ±5 MeV/𝑐2 to 
get the systematic uncertainty. For the background shape, we change 
the background shape from the 0th-order polynomial to a 1st-order 
polynomial to get the systematic uncertainty. About the upper limits, 
we try to change the fit range and background shape to choose the 
largest one as the nominal upper limits.  

Systematic uncertainty 
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Systematic uncertainty 
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8、Mass window 
     The systematic uncertainty from 𝐽/𝜓 mass window is about 1.6% 
by the control sample 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝜓

′ → 𝛾𝐼𝑆𝑅𝜋
+𝜋−𝐽/𝜓. The systematic 

uncertainty from 𝜋0/𝜂 mass window is about 1% by the control 
sample 𝐽/𝜓 → 𝑝𝑝 𝜋0/𝜂. For the 𝜒𝑐1,2 invariant mass distribution, the  
𝐽/𝜓’s resolution has been reduced, so the systematic uncertainty 
from 𝜒𝑐1,2 mass window is from the photon’s uncertainty, 
conservatively, we take 1% as the systematic uncertainty from 𝜒𝑐1,2 
mass window. The systematic uncertainty from 𝜒𝑐0 mass window is 
about 1.5% by the analysis 𝑒+𝑒− → 𝛾𝑋(3872) → 𝛾𝜋+𝜋−𝜒𝑐0 in BAM373.  



The summary of systematic uncertainty 

Systematic uncertainty 
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The  common systematic uncertainty has been cancelled 



52 

Summary 

1. Some 𝑋(3823) decay modes have been studied and searched. 

2. Clear signals for 𝑋(3823) → 𝛾𝜒𝑐1, the evidence for 𝑋(3823) →
𝛾𝜒𝑐2, no significant signals for 𝑋(3823) → 𝜂𝐽/𝜓, 𝜋0𝐽/𝜓, 𝜋+𝜋−𝐽/𝜓, 
𝜋0𝜋0𝐽/𝜓, 𝛾𝜒𝑐0. 

3. The ratios of  branching fractions 
ℬ(𝑋(3823)→⋯ )

ℬ(𝑋(3823)→𝛾𝜒𝑐1)
 are also given.   

Thanks for your attention! 
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BACK UP 
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Likelihood distribution 
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Efficiency at each 𝑠 
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All XYZ data at 𝑠 <4.3 GeV 

No significant 𝑋(3823) signals for data at 𝑠 <4.3 GeV  
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XYZ data: 4230,4260,4360,4420,4600 

𝑁𝛾𝜒𝑐1 = 15.3 ± 4.5 
~15 

Consistent 

PRL 115, 011803 (2015) 
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Events in 𝑋(3823) signal region [3.815, 3.835] GeV for 𝑋(3823) → 𝛾𝜒𝑐1  
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Events in 𝑋(3823) signal region [3.815, 3.835] GeV for 𝑋(3823) → 𝛾𝜒𝑐1  
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Events in 𝑋(3823) signal region [3.815, 3.835] GeV for 𝑋(3823) → 𝛾𝜒𝑐2  
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Events in 𝑋(3823) signal region [3.815, 3.835] GeV for 𝑋(3823) → 𝛾𝜒𝑐2  
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Background study 

No significant 𝛾 conversion events  

No significant 𝜂 and 𝜂′ events  No significant 𝜓(3686) events  
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Background study 

No significant 𝛾 conversion events  

No significant 𝜂 and 𝜂′ events  No significant 𝜓(3686) events  
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Background study 

No significant 𝛾 conversion events  
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Background study 

No significant 𝛾 conversion events  
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Background study 

No significant 𝛾 conversion events  
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Background study 

No significant 𝛾 conversion events  


