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Outline
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➢Brief  Introduciton

➢Event Selection of  𝐽/𝜓 → Λ → 𝑛𝜋0 ഥΛ(→ ҧ𝑝𝜋+)

➢Event Selection of  𝐽/𝜓 → Λ → 𝑝𝜋− ഥΛ → ത𝑛𝜋0

➢ Input Output Check

➢Discussion



My Work Introducion
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• 𝛼0 determine by 𝐽/𝜓 → Λ(→ 𝑛𝜋0)ഥΛ(→ ҧ𝑝𝜋0)

• ത𝛼0 determine by 𝐽/𝜓 → ഥΛ → ത𝑛𝜋0 Λ(→ 𝑝𝜋−)



MC Sample Sets for IO Check
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• BOSS Version: 7.0.8

• MC Samples:

• mDIY MC:

• 𝐽/𝜓 → Λ(→ 𝑛𝜋0)ഥΛ(→ ҧ𝑝𝜋0) 50samples (each sample = data)

• 𝐽/𝜓 → ഥΛ → ത𝑛𝜋0 Λ(→ 𝑝𝜋−) 50samples (each sample = data)

• mDIY Truth: (for independent MC integration check)

• 𝐽/𝜓 → Λ(→ 𝑛𝜋0)ഥΛ(→ ҧ𝑝𝜋0) 50samples (each sample = x10 data)

4250w 

events

Parameters 𝜶𝑱/𝝍 𝚫𝚽 𝜶− 𝜶+ 𝜶𝟎 ഥ𝜶𝟎

Value 0.4747 0.7521 0.7519 -0.7559 0.74 -0.692



Initial Event Selection of  Λ → 𝑛𝜋0 ഥΛ(→ ҧ𝑝𝜋+)
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➢Charged Tracks

• 𝑉𝑟 ≤ 10𝑐𝑚, |𝑉𝑧| ≤ 30𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

➢ PID (Use dedx+TOF)

• Proton: 𝑝 > 0.5 GeV/c && PID:

Prob(p) > Prob(K/𝜋)

• Pion: 𝑝 < 0.5GeV/c && PID:

Prob(𝜋) > Prob(K/p)

• nProton ≥ 1; nPion ≥ 1

➢ ഥΛ Reconstruction

• Primary and Secondary vertex fit

• Choose ҧ𝑝 𝜋+ with least 𝜒𝑆𝑒𝑐
2

• 𝐿/𝜎𝐿 > 2.0

• 𝜒𝑠𝑒𝑐
2 < 15

• 𝑀 ҧ𝑝𝜋+ − 1.1157 < 0.008 (𝐺𝑒𝑉/𝑐2)

• 𝑀
ҧ𝑝𝜋+
𝑟𝑒𝑐𝑜𝑖𝑙 < 1.15 𝐺𝑒𝑉/𝑐2

➢ Shower Selection

• 𝑐𝑜𝑠𝜃 ≤ 0.8 , 𝐸 > 25𝑀𝑒𝑉

• 0.86 ≤ 𝑐𝑜𝑠𝜃 ≤ 0.92 , 𝐸 > 50𝑀𝑒𝑉

• 0 ≤ 𝑇𝐷𝐶 ≤ 14

• Nshower ≥ 2

• 𝐴𝑛𝑔𝑠ℎ𝑜𝑤𝑒𝑟,𝐶ℎ𝑔𝑇𝑟𝑘 ≥ 10° (for ҧ𝑝 ≥ 20°)

➢Kinematic fit

• Loop all 𝛾 pairs, do 𝜋0 1C and 

kinematic fit on hypothesis ഥΛ𝑛𝛾𝛾

• 75 < 𝑀𝛾𝛾 < 175 (MeV/𝑐2)

• ഥΛ is from secondary vertex fit

• Neutron is treated as a missing 

particle

• Constrain 𝑀𝑛𝜋0 = 𝑀Λ
𝑃𝐷𝐺

• 𝜒𝑘𝑚𝑓𝑖𝑡
2 + 𝜒𝜋0 1𝐶

2 < 70



Potential Background
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• After cut, the  BKG is 0.40%



Self-Background
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• We used 15° as the matched angle

✓ 𝜃𝛾1: Match angle between 

reconstructed low photon and truth.

✓ 𝜃𝛾2: Match angle between 

reconstructed high photon and truth.

• 𝛾 unmatched is 12.56% in fit range.



𝛾 Energy Distribution
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𝜋0 Asymmetry Cut
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𝜋0 𝑎𝑠𝑦𝑚 =
|𝐸𝛾1 − 𝐸𝛾2|

𝑝𝜋0

• 𝜋0 𝑎𝑠𝑦𝑚 < 0.8排除(大光子+小噪声光子)组合

• After cut, the BKG is 11.3% in fit range

• 𝜋0 asymmetry is defined as



Neutron in EMC → Photon
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• Neutron might leave a shower in EMC. This 

shower might be mistakenly chosen as a 𝛾.

• Neutron will inherit most of  Λ’s momentum 

so that 𝜃𝑛,Λ should be every small.

• 𝜃𝑆ℎ𝑜𝑤𝑒𝑟,Λ > 10°, the BKG goes to 5.68%



Initial Event Selection of  Λ(→ 𝑝𝜋−)ഥΛ(→ ത𝑛𝜋0)
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➢Charged Tracks

• 𝑉𝑟 ≤ 10𝑐𝑚, |𝑉𝑧| ≤ 30𝑐𝑚

• 𝑐𝑜𝑠𝜃 < 0.93

➢PID (Use dedx+TOF)

• Proton: 𝑝 > 0.5 GeV/c && PID:

Prob(p) > Prob(K/𝜋)

• Pion: 𝑝 < 0.5 GeV/c && PID:

Prob(𝜋) > Prob(K/p)

• nProton ≥ 1; nPion ≥ 1

➢Λ Reconstruction

• Primary and Secondary vertex fit

• Choose 𝑝𝜋− with least 𝜒𝑆𝑒𝑐
2

• 𝐿/𝜎𝐿 > 2.0

• 𝜒𝑠𝑒𝑐
2 < 15

• 𝑀𝑝𝜋− − 1.1157 < 8 MeV/𝑐2

➢ Shower Selection
• 𝑐𝑜𝑠𝜃 ≤ 0.8 , 𝐸 > 25𝑀𝑒𝑉

• 0.86 ≤ 𝑐𝑜𝑠𝜃 ≤ 0.92 , 𝐸 > 50𝑀𝑒𝑉

• 0 ≤ 𝑇𝐷𝐶 ≤ 14

• Nshower ≥ 2

• 𝜃𝑇𝑟𝑘,𝛾 ≥ 10°

➢ 2C Kinematic fit

• Loop all 𝛾 pairs, 2C kinematic fit is 

performed on the hypothesis of  Λത𝑛𝛾𝛾

• 75 < 𝑀𝛾𝛾 < 175 (MeV/𝑐2)

• Λ is from secondary vertex fit

• Anti-neutron is treated as a missing 

particle

• Constrain 𝑀 ത𝑛𝜋0 = 𝑀ഥΛ
𝑃𝐷𝐺

• Constrain 𝑀𝛾𝛾 = 𝑀𝜋0
𝑃𝐷𝐺

• 𝜒𝑘𝑚𝑓𝑖𝑡
2 < 100

• 𝑀ത𝑛 ∈ 0.9, 0.98 𝐺𝑒𝑉/𝑐2



Self-Background
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• Same as npi0

• 𝜸 unmatched: 𝜃𝑀𝐶,𝑇𝑟𝑢𝑡ℎ > 15°, gamma level

• 𝝅𝟎 unmatched: at least one gamma of  𝜋0 is unmatched, event level



𝛾 Distribution
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Shower Shape Comparison
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• Secondary showers of  antineutron are misidentified as good photons.

• TMVA Method to exclude unmatched gamma

• BDT > 0.15, BKG goes to 13.26%

0.1

0.2

0.15



Anti-neutron in EMC → Photon
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Truth

BDT > 0.15

𝜃𝛾ℎ𝑖𝑔ℎ,ഥΛ > 15°



Analysis Summary
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𝒏𝝅𝟎 ഥ𝒏𝝅𝟎

Signal Efficiency 21.09% 14.18%

BKG Exclude 5.68% 8.96%
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IO Check

• Using mDIY MC to estimate normalization constant

• 1 sample = 1 data (Generate 425w events), 50 samples

• Toy MC 没有单独产生，从50个样本中抽样出10x data事例数, 50个样本共用MC积分

My pdf  in likelihood fit:

𝒫 𝜉𝑖; 𝛼 = 𝐶𝒲 𝜉𝑖; 𝛼 𝜖 𝜉𝑖

𝐶−1 = ∫ 𝑑𝜉𝒲 𝜉; 𝛼 𝜖(𝜉)

• 通常采用Mento Carlo方法估计MC积分
• 任意积分可表示为某个随机变量的数学

期望
• 均匀分布对应PHSP MC

若选取与待积函数相近的随机分布，对积分的估计更准确：

𝐶−1 = ∫ 𝑑𝜉
𝒲 𝜉; 𝛼

𝒲 𝜉; 𝛼′
𝜖 𝜉 𝒲 𝜉; 𝛼′ = 𝐸

𝒲 𝜉; 𝛼

𝒲 𝜉;𝛼′
=

1

𝑁𝑇𝑜𝑦𝑀𝐶


𝑖=1

𝑁𝑇𝑜𝑦𝑀𝐶
𝒲 𝜉𝑖; 𝛼

𝒲 𝜉𝑖; 𝛼
′

• 𝑁𝑇𝑜𝑦𝑀𝐶：已知参数的Toy MC经过事例筛选后的事例数
• 𝒲：角分布振幅,     𝜉𝑖：运动学量,   𝛼′：Toy MC的已知角分布参数
• 𝛼：角分布振幅中的待测参数
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Truth

ҧ𝑝𝜋+𝑛𝜋0

𝑝𝜋− ത𝑛𝜋0
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Reconstruction + 𝛾 Matched

ҧ𝑝𝜋+𝑛𝜋0

𝑝𝜋− ത𝑛𝜋0
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50 independent MC samples

共用MC积分(x10)

独立的MC积分(x10)



An interesting mistake
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红色：部分点统计量很小
蓝色：共用x50data

• 提高MC积分的统计量可以让拟合的误差更稳定

• 需要进一步验证



Discussion
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• 共用MC积分 or 独立的MC积分？

• MC积分统计量应是数据的几倍？



Discussion | Jianyu’s IO Check
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(output-input)/error

1.0

4.9

0.07

0.93
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Discussion | Hongfei’ IO Check

0.94

0.35

0.35

0.48
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(output-input)/error

0.5

1/3

0.5

0.08

0.65

1/32
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Discussion

Jianyu

Xiongfei

truth

Rec



27

Summary and Next to do

Summary

• Finished 𝑛𝜋0 and ത𝑛𝜋0 event selection

• Less than 10% background

Next to do

• Optimize cuts in ത𝑛𝜋0

• Perform IO Check under background
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Back up
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