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• 2003年以前，人们认为粲偶素是粲夸克和反粲夸克的束缚态，

应该用非相对论的势能夸克模型来描述。然而，自2003年

Belle发现X(3872)以来，通过各种实验包括BESIII、BaBar、

Belle、CDF、DO、ATLAS、CMS 和 LHCb，在粲偶素质

量区观测到大量新的共振态结构，这些共振态称为奇特态，

即XYZ粒子。

• 奇特强子态包括强子分子态、四夸克态、五夸克态以及混杂

态等。

• 双粲偶素也称全粲四夸克态，夸克组成为ത𝒄ത𝒄𝒄𝒄。

Tetraquark Pentaquark

Hadron 
molecule

Glueball

Hybrid state

双粲偶素理论与实验现状
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 QCD Sum Rules

 Relativistic Quark Model

 Godfrey-Isgur relativized diquark model

 The modified Godfrey-Isgur relativized             

diquark model with the color screening 

effects

 Nonrelativistic Quark Model

➢ 量子数为𝟏−−的全粲四夸克态的质量理论预言

范围在：6.495~7.113 GeV

➢ 目前与全粲四夸克态相关的五个理论模型理论研究调研结果

双粲偶素理论与实验现状
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➢ 目前奇特强子态的实验研究成果

★Hüsken N, Norella E S, Polyakov I. A Brief Guide to Exotic Hadrons[J].  arXiv:2410.06923, 2024.

双粲偶素理论与实验现状
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• 产生过程： 𝒆+𝒆− → (𝜸𝑰𝑺𝑹 )ηcJ/ψ

• 能区： 𝟏𝟎. 𝟓𝟐𝑮𝒆𝑽

• 衰变模型：

• 𝑱/𝝍：𝒆+𝒆−, 𝝁+𝝁−

• 𝜼𝒄： 𝒑ഥ𝒑, 𝒑ഥ𝒑𝝅𝟎, 𝑲𝟎
𝑺𝑲±𝝅∓, 𝑲+𝑲−𝝅𝟎, 𝑲+𝑲−𝑲+𝑲−, 𝟐 𝝅+𝝅−𝝅𝟎

• 积分亮度： 𝟗𝟖𝟎 𝒇𝒃
− 𝟏

• 质量 ：𝟔𝟐𝟔𝟕 ±  𝟒𝟑 𝑴𝒆𝑽/𝒄𝟐

• 衰变宽度：𝟏𝟐𝟏 ±  𝟕𝟐 𝑴𝒆𝑽

• 显著度结果：2.1σ （阈值附近）

➢ Search for the double-charmonium state with ηcJ/ψ @ Belle 

• ηcJ/ψ质量区间：[𝟔. 𝟎, 𝟔. 𝟔] 𝑮𝒆𝑽/ 𝒄𝟐

• 截面结果：2.1 ± 0.7 ± 0.2 pb

• Continuum产生截面拟合函数：𝝈 = 𝑨
𝟐𝝁∆𝑴

𝒔

𝒔𝟎

𝒏

图A

图B

双粲偶素理论与实验现状



双标𝜼𝒄和𝑱/𝝍（以 𝑺 = 6.73 GeV作为展示）
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Exclusive MC production under OSCAR 2.6.2

产生子：ConExc 

𝑺：6.73GeV  事例数: 100000

信号道：𝒆+𝒆− → 𝑻𝟒𝒄 → 𝜼𝒄𝑱/𝝍，

• 𝜼𝒄 → 𝑲
+

𝑲
−

𝝅𝟎，𝝅𝟎 → 𝜸𝜸

• 𝑱/𝝍 →  𝝁+𝝁− 𝒂𝒏𝒅 𝒆+𝒆−

• 公式:𝜎 𝑒+𝑒− → 𝑇4𝑐 = ℬ𝑇4𝑐→𝑒+𝑒−ℬ𝑇4𝑐→𝜂𝑐𝐽/𝜓
12𝜋Γ0

2

𝑠−𝑚𝑇4𝑐
2

2
+𝑚𝑇4𝑐

2 Γ0
2

𝑒+

𝑒−

𝜂𝑐

𝐽/𝜓

共振态？

𝐾+

𝐾−

𝜋0

𝑒+/𝜇+

𝑒−/𝜇−

• 衰变卡 • 利用Breit-Wigner公式获得输入截面分布模拟共振态



事例选择条件
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选择带电径迹:

➢ 𝑑0 ≤ 1.0𝑐𝑚 , 𝑑𝑧 ≤ 10.0𝑐𝑚; 

选择光子 : 

➢ 桶部: 𝑐𝑜𝑠𝜃 ≤  0.8325 , 𝐸𝑒𝑐𝑎𝑙 ≥ 25𝑀𝑒𝑉, 

➢ 端盖: 0.8325 ≤ 𝑐𝑜𝑠𝜃 ≤  0.9445, 𝐸𝑒𝑐𝑎𝑙 ≥ 50 𝑀𝑒𝑉 ；

➢ 飞行时间：0 ≤ |𝑇0| ≤ 50 𝑛𝑠

选择 Kaon： 

➢ Global PID ：𝑝𝑟𝑜𝑏 𝐾 ≥ 𝑝𝑟𝑜𝑏 𝜋 &&𝑝𝑟𝑜𝑏 𝐾

≥ 𝑝𝑟𝑜𝑏 𝜇 &&𝑝𝑟𝑜𝑏 𝐾 ≥ 𝑝𝑟𝑜𝑏 𝑒

选择缪子：

➢ 0.1 ≤ 𝐸𝑒𝑐𝑎𝑙 ≤ 0.3 , |𝑝𝜇 | ≥ 0.9 𝐺𝑒𝑉 

选择电子：

➢ 0.8 ≤
𝐸𝑒

𝑝𝑒
≤ 1.2 , |𝑝𝑒 | ≥ 0.9 𝐺𝑒𝑉

重建𝝅𝟎 ：

➢  0.12𝐺𝑒𝑉 ≤ 𝑀𝛾𝛾 ≤ 0.15𝐺𝑒𝑉

➢ 1𝐶 运动学拟合_𝜒2 ≤ 60

重建 ηc ：  

➢ 2.78𝐺𝑒𝑉 ≤ 𝑀
𝐾+𝐾−𝜋

0 ≤ 3.08𝐺𝑒𝑉

重建 J/ψ ：

➢ 顶点拟合_𝜒2 ≤ 60

➢ 3.05𝐺𝑒𝑉 ≤  𝑀𝜇+𝜇−  ≤  3.15𝐺𝑒𝑉

➢ 3.05𝐺𝑒𝑉 ≤  𝑀e+𝑒−  ≤  3.15𝐺𝑒𝑉
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𝑺 = 6.73 GeV

找质量最接近pi0 mass的光子组合

𝝅𝟎重建

➢  𝟎. 𝟏𝟐𝑮𝒆𝑽 ≤ 𝑴𝜸𝜸 ≤ 𝟎. 𝟏𝟓𝑮𝒆𝑽

➢ 1𝐂运动学拟合_𝝌𝟐 ≤ 𝟔𝟎



双标𝜼𝒄和𝑱/𝝍

𝜼𝒄质量分布

Muon Pairs

Electron Pairs
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• 𝑺 = 6.73 GeV

𝜼𝒄 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟐. 𝟕𝟖𝑮𝒆𝑽 < 𝑴𝑲+𝑲−𝝅𝟎 < 𝟑. 𝟏𝟖𝑮𝒆𝑽

Muon Pairs

Electron Pairs

𝑱/𝝍 质量分布

单高斯拟合结果：拟合区间[3.07,3.13]
• 𝝁: 𝝈 = 𝟏𝟐. 𝟕𝟗 ± 𝟎. 𝟎𝟕𝑴𝒆𝑽,峰值 = 𝟑. 𝟎𝟗𝟕 ± 𝟎. 𝟎𝟎𝟏
• 𝒆: 𝝈 = 𝟏𝟒. 𝟎𝟓 ± 𝟎. 𝟏𝟎𝑴𝒆𝑽,峰值 = 𝟑. 𝟎𝟗𝟔 ± 𝟎. 𝟎𝟎𝟏

单高斯拟合结果：拟合区间[2.95,3.03]
• 𝝁: 𝝈 = 𝟑𝟎. 𝟑𝟏 ± 𝟎. 𝟔𝑴𝒆𝑽,峰值 = 𝟐. 𝟗𝟖𝟖 ± 𝟎. 𝟎𝟎𝟏
• 𝒆: 𝝈 = 𝟑𝟎. 𝟔𝟕 ± 𝟎. 𝟕𝑴𝒆𝑽,峰值 = 𝟐. 𝟗𝟖𝟗 ± 𝟎. 𝟎𝟎𝟏

𝑱/𝝍 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟑. 𝟎𝟓𝑮𝒆𝑽 < 𝑴𝑳𝒆+𝑳𝒆− < 𝟑. 𝟏𝟓𝑮𝒆𝑽

➢ 𝑱/𝝍→𝝁+𝝁−和𝑱/𝝍→𝒆+𝒆−的质量分布对比
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• Cut Flow 对比 𝑺 = 6.73 GeV

Cut Flow(𝑱/𝝍->𝝁𝝁) 𝑵𝒐𝒃𝒔 相对效率 Cut Flow(𝑱/𝝍→ee) 𝑵𝒐𝒃𝒔 相对效率

𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓: 50000 100.00% 𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓: 50000 100.00%

𝒏𝑮𝒐𝒐𝒅m ≥ 𝟐&𝒏𝑮𝒐𝒐𝒅p ≥ 𝟐: 34432 68.86% 𝒏𝑮𝒐𝒐𝒅m ≥ 𝟐&𝒏𝑮𝒐𝒐𝒅p ≥ 𝟐: 33918 67.84%

𝒏𝑮oodγ ≥ 𝟐: 29762 86.44% 𝒏𝑮oodγ ≥ 𝟐: 29832 87.95%

𝒏𝝁𝒑 ≥ 𝟏 𝒂𝒏𝒅 𝒏𝝁𝒎 ≥ 𝟏: 26712 89.75% 𝒏𝒆𝒑 ≥ 𝟏 𝒂𝒏𝒅 𝒏𝒆𝒎 ≥ 𝟏: 26677 89.42%

𝑱/𝝍 𝒎𝒂𝒔𝒔 𝒄𝒖𝒕 & 𝒗𝒕𝒙_𝝌𝟐 ≤ 𝟔𝟎: 26321 98.54% 𝑱/𝝍 𝒎𝒂𝒔𝒔 𝒄𝒖𝒕 & 𝒗𝒕𝒙_𝝌𝟐 ≤ 𝟔𝟎: 21956 82.30%

𝒏𝑲𝒎 ≥ 𝟏 𝒂𝒏𝒅 𝒏𝑲𝒑 ≥ 𝟏: 23150 87.95% 𝒏𝑲𝒎 ≥ 𝟏 𝒂𝒏𝒅 𝒏𝑲𝒑 ≥ 𝟏: 19503 88.83%

𝝅𝟎𝒎𝒂𝒔𝒔 𝒄𝒖𝒕 & 𝒌𝒎_𝝌𝟐 < 𝟔𝟎: 20436 88.28% 𝝅𝟎𝒎𝒂𝒔𝒔 𝒄𝒖𝒕 & 𝒌𝒎_𝝌𝟐 < 𝟔𝟎: 17061 87.48%

η𝒄mass cut 17363 84.96% η𝒄mass cut 14378 84.27%

𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒕: 𝟑𝟐. 𝟒𝟖% 𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒕: 28.76%

双标𝜼𝒄和𝑱/𝝍



Exclusive MC production under OSCAR 2.6.2

产生子：ConExc 

𝑺：6.73GeV  事例数: 100000

信号道：𝒆+𝒆− → 𝑻𝟒𝒄 → 𝜼𝒄𝑱/𝝍，

• 𝜼𝒄 → 𝒂𝒏𝒚𝒕𝒉𝒊𝒏𝒈

• 𝑱/𝝍 →  𝝁+𝝁− 𝒂𝒏𝒅 𝒆+𝒆−

12

单标𝑱/𝝍

𝑒+

𝑒−

𝜂𝑐

𝐽/𝜓

共振态？

Anything

𝑒+/𝜇+

𝑒−/𝜇−

• 衰变卡

• 公式:𝜎 𝑒+𝑒− → 𝑇4𝑐 = ℬ𝑇4𝑐→𝑒+𝑒−ℬ𝑇4𝑐→𝜂𝑐𝐽/𝜓
12𝜋Γ0

2

𝑠−𝑚𝑇4𝑐
2

2
+𝑚𝑇4𝑐

2 Γ0
2

• 利用Breit-Wigner公式获得输入截面分布模拟共振态



反冲质量分布

Muon Pairs

Electron Pairs

𝑱/𝝍 质量分布

Muon Pairs

Electron Pairs
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单标𝑱/𝝍

𝑱/𝝍 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟑. 𝟎𝟓𝑮𝒆𝑽 < 𝑴𝑙𝑒+𝑙𝑒− < 𝟑. 𝟏𝟓𝑮𝒆𝑽

𝑺 = 6.73 GeV

𝑹ecoil 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟐. 𝟕𝟖𝑮𝒆𝑽 < 𝑴recoil < 𝟑. 𝟏𝟖𝑮𝒆𝑽

单高斯拟合结果：
• 𝝁: 𝝈 = 𝟏𝟑. 𝟒𝟎 ± 𝟎. 𝟎𝟔𝑴𝒆𝑽,峰值 = 𝟑. 𝟎𝟗𝟕 ± 𝟎. 𝟎𝟎𝟕
• 𝒆: 𝝈 = 𝟏𝟓. 𝟎𝟓 ± 𝟎. 𝟎𝟖𝑴𝒆𝑽,峰值 = 𝟑. 𝟎𝟗𝟔 ± 𝟎. 𝟎𝟎𝟗

单高斯拟合结果：拟合区间[2.94,3.01]
• 𝝁: 𝝈 = 𝟐𝟖. 𝟑𝟖 ± 𝟎. 𝟒𝟔𝑴𝒆𝑽,峰值 = 𝟐. 𝟗𝟕𝟕 ± 𝟎. 𝟎𝟎𝟏
• 𝒆: 𝝈 = 𝟐𝟖. 𝟗𝟑 ± 𝟎. 𝟓𝟔𝑴𝒆𝑽,峰值 = 𝟐. 𝟗𝟕𝟖 ± 𝟎. 𝟎𝟎𝟏

➢ 𝑱/𝝍→𝝁+𝝁−和𝑱/𝝍→𝒆+𝒆−的质量分布对比
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单标𝑱/𝝍

Cut Flow(𝑱/𝝍->𝝁𝝁) 𝑵𝒐𝒃𝒔 相对效率 Cut Flow(𝑱/𝝍→ee) 𝑵𝒐𝒃𝒔 相对效率

𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓: 50000 100.00% 𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓: 50000 100.00%

𝒏𝑮𝒐𝒐𝒅m ≥ 𝟏&&𝒏𝑮𝒐𝒐𝒅p ≥ 𝟏: 49582 99.16% 𝒏𝑮𝒐𝒐𝒅m ≥ 𝟏&&𝒏𝑮𝒐𝒐𝒅p ≥ 𝟏: 49522 99.04%

𝒏𝝁𝒑 ≥ 𝟏 𝒂𝒏𝒅 𝒏𝝁𝒎 ≥ 𝟏: 40436 81.55% 𝒏𝒆𝒑 ≥ 𝟏 𝒂𝒏𝒅 𝒏𝒆𝒎 ≥ 𝟏: 39242 79.24%

𝑱/𝝍 𝒗𝒕𝒙𝒇𝒊𝒕_𝝌𝟐 ≤ 𝟔𝟎: 40404 99.99% 𝑱/𝝍 𝒗𝒕𝒙𝒇𝒊𝒕_𝝌𝟐 ≤ 𝟔𝟎: 39225 99.96%

𝑱/𝝍 𝒎𝒂𝒔𝒔 𝒄𝒖𝒕 & 𝒗𝒕𝒙_𝝌𝟐 ≤ 𝟔𝟎: 39743 98.36% 𝑱/𝝍 𝒎𝒂𝒔𝒔 𝒄𝒖𝒕 & 𝒗𝒕𝒙_𝝌𝟐 ≤ 𝟔𝟎: 32452 82.73%

Recoil mass cut: 39099 98.38% Recoil mass cut: 31886 98.26%

𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒕: 𝟕𝟖. 𝟐𝟎% 𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒕: 63.77%

➢ Cut Flow 对比
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单标𝑱/𝝍

不同能量点下的反冲质量分布

单标获得的反冲质量分布 VS 双标获得的𝜼𝒄 质量分布

• 单高斯拟合区间[2.94,3.03]
• 单标获得的𝜼𝒄质量分布更窄
• 双标获得的𝜼𝒄质量更接近PDG上的值

• 随着能量点的变化，反冲质量的峰值只有
很微小的偏移

𝑺:6.73GeV~6.77GeV   Step size:5MeV  9个能量点
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双标𝑱/𝝍和𝜼𝒄 单标𝑱/𝝍

𝑺=6.75GeV 选择效率 预估截面(fb) 事例数 选择效率 预估截面(fb) 事例数

信号 31.00% 64.43 3 70.50% 64.43 548 
Continuum本底 31.00% 819.26 35 70.50% 819.26 6886 

𝑱/𝝍𝒑ഥ𝒑本底 1.38% 20 3 11.40% 20 27 
𝑱/𝝍𝝅+𝝅−本底 0.42% 30 2 4.88% 30 18 
𝑱/𝝍𝑲+𝑲−本底 1.41% 30 5 14.23% 30 51 

强子本底 0.00% 0 0.00% 0

本底分析

𝑱/𝝍𝒑ഥ𝒑 𝑱/𝝍𝝅+𝝅− 𝑱/𝝍𝑲+𝑲−

分别用𝟓 ×
𝟏𝟎𝟓不同的
本底样本进
行本底分析
获得的Recoil 
Mass分布

平本底

• Continuum本底截面：

Belle拟合截面函𝝈 = 𝑨
𝟐𝝁∆𝑴

𝒔

𝒔𝟎

𝒏

• 𝑱/𝝍𝒑ഥ𝒑本底、 𝑱/𝝍𝝅+𝝅−本
底和𝑱/𝝍𝑲+𝑲−本底的截面
都是根据目前在5GeV以下
的结果，按照1/100预估
质心能量在6.75GeV下对
应的截面。

𝑵𝒐𝒃𝒔 = 𝝈𝜺𝑳𝓑
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本底分析

61.38% 34.33%
29.74%

32.71%

• 𝝅𝟎 𝒌𝒎𝒇𝒊𝒕 找chi2最小的光子组合𝟎. 𝟏𝟐𝑮𝒆𝑽 ≤ 𝑴𝜸𝜸 ≤ 𝟎. 𝟏𝟓𝑮𝒆𝑽

60.94%
60.47%52.86%

w/ background
No time cutw/o beambackground

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 50

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 10

57.73%

𝝁𝝁

𝒆𝒆
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本底分析
• 𝝅𝟎 𝒌𝒎𝒇𝒊𝒕 找chi2最小的光子组合𝟎. 𝟏𝟐𝑮𝒆𝑽 ≤ 𝑴𝜸𝜸 ≤ 𝟎. 𝟏𝟓𝑮𝒆𝑽

w/ background
No time cutw/o beambackground

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 50

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 10

𝝁𝝁

𝒆𝒆



本底分析
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J/ψ→𝝁+𝝁−cut flow𝑺 = 6.73 GeV

Cut Flow 𝑵𝒐𝒃𝒔 Rel. eff. (%) 𝑵𝒐𝒃𝒔 Rel. eff. (%) 𝑵𝒐𝒃𝒔 Rel. eff. (%) 𝑵𝒐𝒃𝒔 Rel. eff. (%)

𝐭𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫: 50000 100.00% 50000 100.00% 50000 100.00% 50000 100.00%

𝐧𝐆𝐨𝐨𝐝 ≥ 𝟒 ∶ 34011 68.02% 41523 83.04% 33521 67.04% 33521 67.04%

𝐧𝐆𝐨𝐨𝐝𝛄 ≥ 𝟐: 29207 85.88% 33519 80.72% 30317 90.44% 28839 86.03%

𝐧𝛍𝐩 ≥ 𝟏 𝐚𝐧𝐝 𝐧𝛍𝐦 ≥ 𝟏: 22786 78.02% 24973 74.50% 22605 74.56% 21521 74.62%

𝐉/𝛗 mass cut: 22427 98.42% 24530 98.23% 22198 98.20% 21133 98.20%

𝐧𝐊𝐦 ≥ 𝟏 𝐚𝐧𝐝 𝐧𝐊𝐩 ≥ 𝟏: 15855 70.70% 16840 68.65% 15285 68.86% 14565 68.92%

𝛑𝟎𝐦𝐚𝐬𝐬𝐜𝐮𝐭 & 𝐤𝐦𝐟𝐢𝐭 ≤ 𝟔𝟎: 13649 86.09% 16789 99.70% 12927 84.57% 12009 82.45%

𝛈𝐜mass cut 11599 84.98% 3293 19.61% 9334 72.21% 9684 80.64%

𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒕: 23.20% 6.59% 18.67% 19.37%

w/o beambackground

w/ background
No time cut

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 50

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 10



本底分析
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J/ψ→𝒆+𝒆−cut flow𝑺 = 6.73 GeV

Cut Flow 𝑵𝒐𝒃𝒔 Rel. eff. (%) 𝑵𝒐𝒃𝒔 Rel. eff. (%) 𝑵𝒐𝒃𝒔 Rel. eff. (%) 𝑵𝒐𝒃𝒔 Rel. eff. (%)

𝐭𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫: 49048 𝟏𝟎𝟎. 𝟎𝟎% 50000 𝟏𝟎𝟎. 𝟎𝟎% 50000 𝟏𝟎𝟎. 𝟎𝟎% 50000 𝟏𝟎𝟎. 𝟎𝟎%

𝐧𝐆𝐨𝐨𝐝 ≥ 𝟒 ∶ 33096 68.02% 33464 67.29% 33464 𝟔𝟕. 𝟐𝟗% 33464 67.29%

𝐧𝐆𝐨𝐨𝐝𝛄 ≥ 𝟐: 28917 87.37% 33460 99.99% 30630 91.53% 29313 87.60%

𝐧𝛍𝐩 ≥ 𝟏 𝐚𝐧𝐝 𝐧𝛍𝐦 ≥ 𝟏: 25941 89.71% 28776 86.00% 26282 85.80% 25106 85.65%

𝐉/𝛗 mass cut: 21305 82.13% 23619 82.08% 21580 82.11% 20602 82.06%

𝐧𝐊𝐦 ≥ 𝟏 𝐚𝐧𝐝 𝐧𝐊𝐩 ≥ 𝟏: 15408 72.32% 19010 80.49% 17369 80.49% 16569 80.42%

𝛑𝟎𝐦𝐚𝐬𝐬𝐜𝐮𝐭 & 𝐤𝐦𝐟𝐢𝐭 ≤ 𝟔𝟎: 13119 85.14% 18652 98.12% 15180 87.40% 14428 87.08%

𝛈𝐜mass cut 10943 83.41% 4077 21.86% 11576 76.26% 11981 83.04%

𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒕: 𝟐𝟑. 𝟐𝟎% 8.15% 23.15% 23.96%

w/o beambackground

w/ background
No time cut

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 50

𝑤/ 𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
𝑇𝑖𝑚𝑒 𝑐𝑢𝑡 |𝑡0| ≤ 10
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预估截面与事例数

𝑳 = 𝟏𝟎𝟎 𝒇𝒃−𝟏

𝓑(𝑱/𝝍 → 𝒆
+

𝒆
− 

,𝜇+𝜇−）=0. 11932=11.932%

𝓑(η𝒄→𝐾+𝐾−𝜋0）=0. 0115=1.15%

𝑵𝒐𝒃𝒔 = 𝝈𝜺𝑳𝓑(𝑱/𝝍 → 𝒆
+

𝒆− 
, 𝜇+ 𝜇−)𝓑(η𝒄→𝐾+𝐾−𝜋0）≅ 𝟑(𝒑𝒆𝒂𝒌)

𝜞𝑻𝟒𝒄

𝒆𝒆 = 𝟐𝟎𝒆𝑽,

𝜞𝑻𝟒𝒄
= 𝟏𝟎𝑴𝒆𝑽 

𝜞𝜼𝒄𝑱/𝝍 = 𝟏𝑴𝒆𝑽 

𝓑𝑻𝟒𝒄→𝒆+𝒆− ≈ 𝟐 ∗ 𝟏𝟎−𝟔 , 𝓑𝑻𝟒𝒄→𝜼𝒄𝑱/𝝍 =
𝟏

𝟏𝟎
≈ 𝟎. 𝟏

𝝈 𝒆+𝒆− → 𝑻𝟒𝒄 → 𝜼𝒄𝑱/𝝍 = 𝓑𝑻𝟒𝒄→𝒆+𝒆−𝓑𝑻𝟒𝒄→𝜼𝒄𝑱/𝝍
𝟏𝟐𝝅𝜞𝑻𝟒c

𝟐

𝒔−𝒎𝑻𝟒𝒄
𝟐

𝟐
+𝒎𝑻𝟒𝒄

𝟐 𝜞𝑻𝟒𝒄
𝟐

≅64.43fb(峰值）

• 以𝟏𝟎𝟎𝒇𝒃−𝟏积分亮度预估STCF每年可产生约𝟏 ∗ 𝟏𝟎𝟓个𝑻𝟒𝒄（𝑵𝒐𝒃𝒔 = 𝝈𝑳）

A. Badalian, B. Ioffe and A. V. Smilga, Nucl. Phys. B281 (1987) 85

A. Badalian, B. Ioffe and A. V. Smilga, Nucl. Phys. B281 (1987) 85

file:///C:/Users/97240/Documents/WeChat Files/wxid_s6ib3brnsakg21/FileStorage/File/2025-01/badalyan1987.pdf
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信号与本底拟合

• 𝑳 = 𝟏𝟎𝟎 𝒇𝒃−𝟏

• 𝒔𝒊𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒏𝒄𝒆 = 𝟎. 𝟒𝟓𝝈

• 𝑵𝒔𝒊𝒈 = 8

• 𝑵𝒃𝒂𝒄𝒌 = 313

𝑺：6.73GeV~6.77GeV   Step size:5MeV     8 steps   

拟合结果：

统计结果：

双标

• 𝑵𝒔𝒊𝒈 = 6.5 ± 𝟏𝟐. 𝟑

• 𝑵𝒃𝒂𝒄𝒌 = 314.4 ± 𝟐𝟒. 𝟔
• 𝑴𝒆𝒂𝒏 = 𝟔. 𝟕𝟓 ± 𝟎. 𝟎𝟏 𝑮𝒆𝑽
• 𝝈 = 𝟒. 𝟗𝟐 ± 𝟏. 𝟖𝟐 𝑴𝒆𝑽

• 𝒔𝒊𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒏𝒄𝒆 计算公式：

• 本底拟合：一阶多项式
• 信号拟合：高斯
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𝑺：6.73GeV~6.77GeV   Step size:5MeV     8 steps   

信号与本底拟合

单标𝑱/𝝍

• 𝑳 = 𝟏𝟎𝟎 𝒇𝒃−𝟏

• 𝒔𝒊𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒏𝒄𝒆 = 𝟓. 𝟕𝟐𝝈

拟合结果： • 𝑵𝒔𝒊𝒈 = 1530.3 ± 𝟒𝟕𝟑. 𝟒

• 𝑵𝒃𝒂𝒄𝒌 = 62791.7 ± 𝟐𝟗𝟗. 𝟔
• 𝑴𝒆𝒂𝒏 = 𝟔. 𝟕𝟓 ± 𝟎. 𝟎𝟎𝟏 𝑮𝒆𝑽
• 𝝈 = 𝟏. 𝟕 ± 𝟐. 𝟎 𝑴𝒆𝑽

• 𝑵𝒔𝒊𝒈 = 1487

• 𝑵𝒃𝒂𝒄𝒌 = 62377

统计结果：

• 𝒔𝒊𝒈𝒏𝒊𝒇𝒊𝒄𝒂𝒏𝒄𝒆 计算公式：

• 本底拟合：一阶多项式
• 信号拟合：高斯卷积BW函数
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不同截面预估下的结果

能量点/GeV 6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77 significance

input截面(fb) 3.8 6.5 12.9 32.2 64.4 32.2 12.9 6.4 3.8 
𝟎. 𝟒𝟓𝝈

𝑵𝒐𝒃𝒔(信号） 0 0 1 1 3 1 1 0 0 

input截面(fb) 19.0 32.3 64.5 161.2 322.2 161.0 64.4 32.2 18.9 
1. 𝟗𝟕𝝈

𝑵𝒐𝒃𝒔(信号） 1 1 3 7 14 7 3 1 1 

input截面(fb) 38.0 64.6 129.0 322.3 644.4 322.1 128.7 64.3 37.8 
3.58𝝈

𝑵𝒐𝒃𝒔(信号） 2 3 6 14 28 14 6 3 2 

➢ 双标

能量点/GeV 6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77 significance

input截面(fb) 3.8 6.5 12.9 32.2 64.4 32.2 12.9 6.4 3.8 
𝟓. 𝟕𝟐𝝈

𝑵𝒐𝒃𝒔(信号） 32 55 109 274 548 273 109 55 32 

input截面(fb) 19.0 32.3 64.5 161.2 322.2 161.0 64.4 32.2 18.9 
𝟐𝟔. 𝟕𝟔𝝈

𝑵𝒐𝒃𝒔(信号） 161 274 547 1370 2738 1366 547 273 160 

input截面(fb) 38.0 64.6 129.0 322.3 644.4 322.1 128.7 64.3 37.8 
𝟓𝟕. 𝟔𝟔𝝈

𝑵𝒐𝒃𝒔(信号） 323 548 1094 2740 5476 2732 1094 546 320 

➢ 单标

10倍

5倍

10倍

5倍
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01 双粲偶素理论与实验现状

01 双粲偶素𝒆+𝒆− → 𝑱/𝝍 𝜼𝒄

02 五夸克态寻找 𝒆+𝒆− → 𝑱/𝝍𝒑ഥ𝒑
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Introduction

• The theoretical prediction of pentaquark states can be traced back to the quark model proposed by Murray Gell-Mann 

in 1964. In 1979, Daniel Stauffer constructed a four-quark plus one antiquark model, and in 1997, the team of Markov 

and Polyakov predicted the existence of a particle called Θ+ with a mass of 1530 MeV. In 2003, the Japan LEPS 

experiment detected a resonance signal at 1540 MeV. After 2015, the LHCb experiment validated its existence through 

high-statistics data. 

• In July 2015, the LHCb collaboration at CERN observed this type of particle 

for the first time in the decay of bottom lambda (Λ) baryons. Subsequent 

experiments have discovered multiple pentaquark states, including Pc(4312), 

Pc(4440), and Pc(4457).



Good charged tracks：

➢ 𝑉x𝑦 ≤ 1𝑐𝑚 , 𝑉𝑧 ≤ 10𝑐𝑚

PID：

➢ 𝑝:prob(𝑝)>prob(𝑒, 𝜋, 𝐾, 𝜇)

➢ 𝑒:prob(𝑒)>prob(𝑝, 𝜋, 𝐾, 𝜇)

➢ 𝜇:prob(𝜇)>prob(𝑝, 𝜋, 𝐾, 𝑒)

Other selections:

➢ Number of 𝑝 = 1 𝑎𝑛𝑑 ҧ𝑝 = 1

➢ Number of 𝜇+ = 𝜇− = 1 𝑜𝑟 𝑒+ = 𝑒− = 1

Event Selection

27

Vertex Fit:

➢ 𝑝, ҧ𝑝 and two lepton(𝑒 or 𝜇) come from the same 

point.

Kmfit Fit:

➢ p, തp and two lepton(e or μ) restrain to center-of-

mass.

Study Channel:   𝑒+𝑒− → 𝑃𝑐
+ ҧ𝑝 → 𝐽/𝜓𝑝 ҧ𝑝

𝒅𝟎(𝑽𝒙𝒚) 𝐚𝐧𝐝 𝐳𝟎(𝐕𝐳) 𝐝𝐢𝐬𝐭𝐫𝐢𝐛𝐮𝐭𝐢𝐨𝐧
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Cut Flow for offline 2.6.2

Energy [GeV] 5.2 5.5 5.8 6.2 6.5 6.8

Total number 200000 200000 200000 200000 200000 200000

Match Tracks 56.52% 70.00% 72.98% 74.03% 74.68% 74.70%

nGoodp = nGoodm = 2 48.21% 65.35% 69.49% 71.32% 72.34% 72.43%

𝑝 = 1 && ҧ𝑝 = 1 41.43% 62.38% 66.17% 66.74% 66.50% 65.62%

𝑒+ = 1 && 𝑒− = 1 (PID) 41.24% 62.14% 65.90% 66.47% 66.25% 65.34%

After Vertex Fit 40.71% 61.43% 65.15% 65.71% 65.48% 64.56%

After Kmfit Fit 33.06% 46.48% 47.31% 46.65% 45.92% 44.98%

𝐽/𝜓 ∈ 3.05,3.15  𝐺𝑒𝑉 32.72% 45.82% 46.60% 45.80% 45.03% 44.01%

Match Tracks 56.57% 70.22% 73.02% 74.52% 74.54% 75.05%

nGoodp = nGoodm = 2 48.79% 66.22% 70.15% 72.41% 72.76% 73.50%

𝑝 = 1 && ҧ𝑝 = 1 41.99% 63.29% 66.81% 67.85% 66.91% 66.59%

𝜇+ = 1 && 𝜇− = 1 (PID) 39.45% 59.45% 62.71% 63.47% 62.30% 61.94%

After Vertex Fit 39.13% 59.00% 62.25% 63.00% 61.86% 61.44%

After Kmfit Fit 36.97% 51.80% 52.73% 51.93% 50.31% 49.51%

𝐽/𝜓 ∈ 3.05,3.15  𝐺𝑒𝑉 36.54% 51.01% 51.91% 51.04% 49.42% 48.63%

𝐽/𝜓 → 𝑒+𝑒−

𝐽/𝜓 → 𝜇+𝜇−



Study of 𝑷𝒄 𝟒𝟒𝟓𝟎 +

Process:    𝑒+𝑒− → 𝑃𝑐 4450 + ҧ𝑝 → 𝐽/𝜓𝑝 ҧ𝑝 → 𝑒+𝑒− 𝜇+𝜇−  𝑝𝑝

29

Decay Card
• Threshold:

• 𝑊𝑖𝑑𝑡ℎ = 39 ± 5 ± 19𝑀𝑒𝑉

• 𝐽𝑃𝐶 = 5/2+

Introduction in LHCb (2015)
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𝑷𝒄 𝟒𝟒𝟓𝟎 + distribution

Add 𝑃𝑐 4450 + Resonance

Cutting Criteria: 3.05 ≤ 𝑀𝐽/𝜓 ≤ 3.15 GeV

No 𝑃𝑐 4450 + Resonance

Signal Shape Background Shape (𝑱/𝝍𝒑)
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𝑷𝒄 𝟒𝟒𝟓𝟎 +截面假设 ( 𝒔 = 𝟔. 𝟓𝑮𝒆𝑽)

假设𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝 = 1𝑝𝑏, 𝑒+𝑒− → 𝑃𝑐 4450 + ҧ𝑝 →

𝐽/𝜓𝑝 ҧ𝑝 = 0.1/0.02/0.01 𝑝𝑏, 考虑到探测效率为𝜖 = 47.2%

假设亮度为𝟏𝟎𝒇𝒃−𝟏 ，则本底事例数为1w(在[4.1,5.0]上为6550)， 

𝑃𝑐 4450 +事例数为1000/200/100

观察到的事例数为：本底数3090，信号数472/94.4/47.2

信号本底
混合比例 10比1 50比1 100比1

Signal NLL -11087.80 -8010.83 -7640.22 

Bkg NLL -10980.50 -8002.73 -7637.26 

Significance 14.65σ 4.02σ 2.43σ 

𝑆𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 = 2(𝑁𝐿𝐿𝑚𝑜𝑑𝑒𝑙1 − 𝑁𝐿𝐿𝑚𝑜𝑑𝑒𝑙2)
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𝑷𝒄 𝟒𝟒𝟓𝟎 +截面假设 ( 𝒔 = 𝟔. 𝟓𝑮𝒆𝑽)

假设亮度为 𝟏𝟎𝟎𝒇𝒃−𝟏，则本底事例数为10w(在[4.1,5.0]上为

6.55w)， 𝑃𝑐 4450 +事例数为1w/2000/1000

观察到的事例数为：本底数3.09w，信号数4720/944/472

信号本底
混合比例 10比1 50比1 100比1

Signal NLL -144607 -105636 -100904 

Bkg NLL -143534 -105555 -100875 

Significance 46.32σ 12.73σ 7.62σ 

𝑆𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 = 2(𝑁𝐿𝐿𝑚𝑜𝑑𝑒𝑙1 − 𝑁𝐿𝐿𝑚𝑜𝑑𝑒𝑙2)

假设𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝 = 1𝑝𝑏, 𝑒+𝑒− → 𝑃𝑐 4450 + ҧ𝑝 → 𝐽/𝜓𝑝 ҧ𝑝

= 0.1/0.02/0.01 𝑝𝑏, 考虑到探测效率为𝜖 = 47.2%



Compare with LHCb result ( 𝒔 = 𝟔. 𝟓𝑮𝒆𝑽 )

假设𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝 = 1𝑝𝑏, 考虑到探测效率为𝜖 = 47.2%

假设亮度为100𝑓𝑏−1，则本底事例数为10w(在[4.2,4.6]上为

27640)， 观察到的本底事例数为：13046

LHCb Fitting Result

Pc 4312 + Pc 4440 + Pc 4457 +

截面 0.1pb 0.37pb 0.176pb

事例数 472 1746.4 833.9

卷积高斯(10𝑓𝑏−1) MC pdf ( 100𝑓𝑏−1 )
Bins = 30

无法分辨



Compare with LHCb result ( 𝒔 = 𝟔. 𝟓𝑮𝒆𝑽)

Bins = 100

Bins = 200

增大了𝑃𝑐 4440 +的比例LHCb Fitting Result



截面假设 𝒔 = 𝟓. 𝟓𝑮𝒆𝑽

假设亮度为100𝑓𝑏−1，则本底事例数为1w(在[4.2,4.6]上为

75127)， 观察到的本底事例数为：36361

Pc 4312 + Pc 4440 + Pc 4457 +

截面 0.1pb 0.37pb 0.176pb

事例数 484.0 1790.8 851.8

假设𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝 = 1𝑝𝑏, 考虑到探测效率为𝜖 = 48.4%
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Cut Flow for different 𝑷𝒄 states

Energy [GeV] 5.5 6.5

Resonance 𝑃𝑐 4312 + 𝑃𝑐 4440 + 𝑃𝑐 4457 + 𝑃𝑐 4312 + 𝑃𝑐 4440 + 𝑃𝑐 4457 +

Total number 100000 100000 100000 100000 100000 100000

Match Tracks 76.12% 73.16% 72.85% 76.01% 76.52% 76.16%

nGoodp = nGoodm = 2 72.96% 67.45% 66.40% 73.80% 74.85% 74.36%

𝑝 = 1 && ҧ𝑝 = 1 71.80% 63.76% 61.56% 66.59% 68.11% 67.56%

𝑒+ = 1 && 𝑒− = 1 (PID) 71.54% 63.50% 61.32% 66.33% 67.82% 67.29%

After Vertex Fit 70.75% 62.75% 60.60% 65.58% 67.09% 66.55%

After Kmfit Fit 55.78% 52.92% 51.75% 46.27% 47.56% 47.28%

𝐽/𝜓 ∈ 3.05,3.15  𝐺𝑒𝑉 54.98% 52.50% 51.56% 45.22% 46.46% 46.25%

Match Tracks 76.43% 73.45% 73.10% 75.97% 76.63% 76.19%

nGoodp = nGoodm = 2 73.88% 68.56% 67.54% 74.64% 75.55% 75.07%

𝑝 = 1 && ҧ𝑝 = 1 72.77% 64.61% 62.48% 67.51% 68.87% 68.43%

𝜇+ = 1 && 𝜇− = 1 (PID) 68.44% 60.54% 58.64% 62.92% 64.11% 63.79%

After Vertex Fit 67.95% 60.15% 58.27% 62.42% 63.66% 63.35%

After Kmfit Fit 62.43% 58.97% 57.59% 50.67% 52.07% 52.04%

𝐽/𝜓 ∈ 3.05,3.15  𝐺𝑒𝑉 61.52% 58.53% 57.39% 49.71% 51.12% 51.05%

𝐽/𝜓 → 𝑒+𝑒−

𝐽/𝜓 → 𝜇+𝜇−
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Truth Compare

The comparison of truth and rec level for each 𝑃𝑐
+ resonance is shown in the figure below.
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No Background

Original Ratio (Rec and Truth)

Raise 𝑃𝑐 4440 + Ratio



Backup
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单标𝜼𝒄

Exclusive MC production under OSCAR

Generator：ConExc 

𝑺：6.73GeV  Number of event: 100000

Signal Channel：e+e−→𝑻𝟒𝒄→ηcJ/ψ，

• 𝜼𝒄 → 𝑲+𝑲−𝝅𝟎, 𝑱/𝝍 → 𝒂𝒏𝒚𝒕𝒉𝒊𝒏𝒈

Cut Flow 𝑵𝒐𝒃𝒔
Relative 

Efficiency

𝒕𝒐𝒕𝒂𝒍 𝒏𝒖𝒎𝒃𝒆𝒓: 50000 100.00%

𝒏𝑮𝒐𝒐𝒅 ≥ 𝟐 ∶ 49015 98.05%

𝒏𝑮oodγ ≥ 𝟐: 48676 99.30%

𝒏𝑲p ≥ 𝟏 ∶ 40225 82.64%

𝒏𝑲𝒎 ≥ 𝟏: 32866 81.71%

n𝝅𝟎 ≥ 𝟏: 31284 95.13%

η𝒄mass cut: 23553 75.29%

Recoil mass cut: 17960 76.25%

𝒕𝒐𝒕𝒂𝒍 𝒄𝒖𝒕: 35.92%
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双标𝜼𝒄和𝑱/𝝍信号数据

能量点/GeV 6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77

𝑵𝒐𝒃𝒔（MC） 17363 17500 17367 17521 16870 17557 17421 17311 17005

亮度 (𝒇𝒃−𝟏) 100 100 100 100 100 100 100 100 100

选择效率 34.73% 35.00% 34.73% 35.04% 34.43% 35.11% 34.84% 34.62% 34.70%

input截面(fb) 3.8011 6.4568 12.9031 32.2315 64.4391 32.2076 12.8726 6.431 3.78

𝑵𝒐𝒃𝒔(函数） 0.1 0.2 0.3 0.8 1.5 0.8 0.3 0.2 0.1 

缪子

能量点/GeV 6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77

𝑵𝒐𝒃𝒔（MC） 14378 14282 14129 14416 14001 14026 14418 14315 14275

亮度 (𝒇𝒃−𝟏) 100 100 100 100 100 100 100 100 100

选择效率 28.76% 28.56% 28.83% 28.83% 28.57% 28.62% 28.84% 28.63% 28.55%

input截面(fb) 3.8011 6.4568 12.9031 32.2315 64.4391 32.2076 12.8726 6.431 3.78

𝑵𝒐𝒃𝒔(函数） 0.1 0.1 0.3 0.6 1.3 0.6 0.3 0.1 0.1 

电子
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单标𝑱/𝝍信号数据

能量点/GeV 6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77

𝑵𝒐𝒃𝒔（MC） 39290 39121 39152 39252 39296 39230 39410 39242 39240

亮度 (𝒇𝒃−𝟏) 100 100 100 100 100 100 100 100 100

选择效率 78.58% 78.24% 78.30% 78.50% 78.59% 78.46% 78.82% 78.48% 78.48%

input截面(fb) 3.8011 6.4568 12.9031 32.2315 64.4391 32.2076 12.8726 6.431 3.78

𝑵𝒐𝒃𝒔(函数） 17.8 30.1 60.2 150.8 301.9 150.6 60.5 30.1 17.7 

缪子

能量点/GeV 6.73 6.735 6.74 6.745 6.75 6.755 6.76 6.765 6.77

𝑵𝒐𝒃𝒔（MC） 31287 29457 31308 31411 30698 30652 31886 30745 31238

亮度 (𝒇𝒃−𝟏) 100 100 100 100 100 100 100 100 100

选择效率 63.85% 64.04% 63.89% 64.10% 63.95% 63.86% 63.77% 64.05% 63.75%

input截面(fb) 3.8011 6.4568 12.9031 32.2315 64.4391 32.2076 12.8726 6.431 3.78

𝑵𝒐𝒃𝒔(函数） 14.5 24.6 49.1 123.2 245.7 122.6 48.9 24.6 14.4 

电子
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全重建𝜼𝒄和𝑱/𝝍

➢只拟合信号
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截面预估参考
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𝑳𝑯𝑪𝑩实验结果

• States:   𝑇𝑐 ҧ𝑐𝑐 ҧ𝑐 6550 0，𝑇𝑐 ҧ𝑐𝑐 ҧ𝑐 6900 0， 𝑇𝑐 ҧ𝑐𝑐 ҧ𝑐 7290 0

• 𝐐𝐮𝐚𝐧𝐭𝐮𝐦 𝐧𝐮𝐦𝐛𝐞𝐫𝐬: 𝐼𝐺(𝐽𝑃𝐶) = 0+(??+ )

• Minimal quark content: 𝑐 ҧ𝑐𝑐 ҧ𝑐

• Experiments:  LHCb(first observed),  ATLAS,  CMS

• Production: prompt pp collisions

• Decay modes:  𝐽/𝜓𝐽/𝜓

• Nearby thresholds:  𝐽/𝜓𝜓(2𝑆), 𝜒𝑐0𝜒𝑐0, …

• Characteristic widths: 80 − 191 𝑀𝑒𝑉

➢ Observation of structure  in the 𝑱/𝝍-pair mass spectrum

LHCb results:

• LHCb Collaboration. Observation of structure in the J/ψ-pair mass spectrum[J]. Science bulletin, 
2020, 65(23): 1983-1993.
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Truth information

Kaon 动量分布--truth muon 动量分布--truth

电子动量分布--truth

光子能量分布--truth

𝑺 = 6.73 GeV

动量大部分大于0.9GeV/c
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➢ 径迹参数从POCA点得到

𝒁𝟎分布 θ 分布d𝟎 分布

带电径迹 𝒅𝟎、𝒛𝟎、𝜽 分布
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• 筛选条件： 𝟎. 𝟏 ≤ 𝑬𝒆𝒎𝒄 ≤ 𝟎. 𝟑 , |𝒑𝝁 | ≥ 𝟎. 𝟗 𝑮𝒆𝑽 𝑺 = 6.73 GeV

𝝁+

𝝁+

𝝁−

𝝁−

Emc里的能量
沉积分布：

动量分布：

选择缪子

Before Cut

After Momentum Cut

Before Cut

After Momentum Cut

Before Energy Cut

After Momentum Cut

Before Energy Cut

After Momentum Cut

Entries(Before Energy Cut):42980

Entries(After Cut):28697

Entries(Before Energy Cut):42730

Entries(After Cut):28697
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• 筛选条件 𝟎. 𝟖 ≤
𝑬𝒆

𝒑𝒆
≤ 𝟏. 𝟐 , |𝒑𝒆 | ≥ 𝟎. 𝟗 𝑮𝒆𝑽 𝑺 = 6.73 GeV

𝒆+ 𝒆−

E/P分布：

动量分布：

选择电子

After Cut

After Cut

Before Cut

After Cut

Before Cut

After Cut



重建𝜼𝒄和𝑱/𝝍

𝜼𝒄质量分布

Muon Pairs

Electron Pairs

51

• 𝑺 = 6.73 GeV

𝜼𝒄 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟐. 𝟕𝟖𝑮𝒆𝑽 < 𝑴𝑲+𝑲−𝝅𝟎 < 𝟑. 𝟏𝟖𝑮𝒆𝑽

Muon Pairs

Electron Pairs

𝑱/𝝍 质量分布

单高斯拟合结果：拟合区间[3.07,3.13]
• 𝝁: 𝝈 = 𝟏𝟐. 𝟕𝟗 ± 𝟎. 𝟎𝟕𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟑. 𝟎𝟗𝟕 ± 𝟎. 𝟎𝟎𝟏
• 𝒆: 𝝈 = 𝟏𝟒. 𝟎𝟓 ± 𝟎. 𝟏𝟎𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟑. 𝟎𝟗𝟔 ± 𝟎. 𝟎𝟎𝟏

单高斯+双左右两个 Crystal Ball拟合结果：
• 𝝁: 𝝈 = 𝟒𝟗. 𝟗𝟗 ± 𝟓. 𝟎𝟐𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟐. 𝟗𝟖𝟗 ± 𝟎. 𝟎𝟐𝟑
• 𝒆: 𝝈 = 𝟒𝟗. 𝟗𝟗 ± 𝟓. 𝟐𝟏𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟐. 𝟗𝟕𝟗 ± 𝟎. 𝟎𝟎𝟔

𝑱/𝝍 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟑. 𝟎𝟓𝑮𝒆𝑽 < 𝑴𝑳𝒆+𝑳𝒆− < 𝟑. 𝟏𝟓𝑮𝒆𝑽

➢ 𝑱/𝝍→𝝁+𝝁−和𝑱/𝝍→𝒆+𝒆−的质量分布对比



反冲质量分布

Muon Pairs

Electron Pairs

𝑱/𝝍 质量分布

Muon Pairs

Electron Pairs
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单标𝑱/𝝍

𝑱/𝝍 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟑. 𝟎𝟓𝑮𝒆𝑽 < 𝑴𝑙𝑒+𝑙𝑒− < 𝟑. 𝟏𝟓𝑮𝒆𝑽

𝑺 = 6.73 GeV

𝑹ecoil 𝑴𝒂𝒔𝒔 𝒄𝒖𝒕： 𝟐. 𝟕𝟖𝑮𝒆𝑽 < 𝑴recoil < 𝟑. 𝟏𝟖𝑮𝒆𝑽

单高斯拟合结果：
• 𝝁: 𝝈 = 𝟏𝟑. 𝟒𝟎 ± 𝟎. 𝟎𝟔𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟑. 𝟎𝟗𝟕 ± 𝟎. 𝟎𝟎𝟕
• 𝒆: 𝝈 = 𝟏𝟓. 𝟎𝟓 ± 𝟎. 𝟎𝟖𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟑. 𝟎𝟗𝟔 ± 𝟎. 𝟎𝟎𝟗

单高斯+双左右两个 Crystal Ball拟合结果：
• 𝝁: 𝝈 = 𝟑𝟕. 𝟏𝟑 ± 𝟏. 𝟖𝟗𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟐. 𝟖𝟖𝟏 ± 𝟎. 𝟎𝟎𝟑
• 𝒆: 𝝈 = 𝟑𝟒. 𝟔𝟑 ± 𝟐. 𝟓𝟎𝑴𝒆𝑽, 𝒎𝒆𝒂𝒏 = 𝟑. 𝟎𝟏𝟗 ± 𝟎. 𝟎𝟎𝟑

➢ 𝑱/𝝍→𝝁+𝝁−和𝑱/𝝍→𝒆+𝒆−的质量分布对比
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Truth information

Kaon 动量分布--truth muon 动量分布--truth

电子动量分布--truth

光子能量分布--truth

𝑺 = 6.73 GeV

动量大部分大于0.9GeV/c
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➢ 径迹参数从POCA点得到

𝒁𝟎分布 θ 分布d𝟎 分布

带电径迹 𝒅𝟎、𝒛𝟎、𝜽 分布
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• 筛选条件： 𝟎. 𝟏 ≤ 𝑬𝒆𝒎𝒄 ≤ 𝟎. 𝟑 , |𝒑𝝁 | ≥ 𝟎. 𝟗 𝑮𝒆𝑽 𝑺 = 6.73 GeV

𝝁+

𝝁+

𝝁−

𝝁−

Emc里的能量
沉积分布：

动量分布：

选择缪子

Before Cut

After Momentum Cut

Before Cut

After Momentum Cut

Before Energy Cut

After Momentum Cut

Before Energy Cut

After Momentum Cut

Entries(Before Energy Cut):42980

Entries(After Cut):28697

Entries(Before Energy Cut):42730

Entries(After Cut):28697
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• 筛选条件 𝟎. 𝟖 ≤
𝑬𝒆

𝒑𝒆
≤ 𝟏. 𝟐 , |𝒑𝒆 | ≥ 𝟎. 𝟗 𝑮𝒆𝑽 𝑺 = 6.73 GeV

𝒆+ 𝒆−

E/P分布：

动量分布：

选择电子

After Cut

After Cut

Before Cut

After Cut

Before Cut

After Cut
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