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Background rejection

（gamma/proton discrimination ）

is very important 

Background 

  VHE  γ-ray sources full sky 
survey(100GeV – 30TeV) 
 extragalactic sources/transenit 
sources； 
 GRB； 
 galactic sources；  

LHAASO-WCDA scientific goals 
(gamma ray astronomy)： 

Signal： gamma-ray； 
background： hadrons； 
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 full sky； 
 Wide FOV； 
 Low 

threshold； 
 High 

sensitivity； 

LHAASO-WCDA： 



Secondary particles： 

Main compenante： 

First altitude： 

Single core, concentrated 

e± ; γ ； 

Low altitude； 

Sub-core； 

e±;  γ;  hadron;  μ； 

High altitude； 

Mechanism & methods 

LHAASO Collaboration, Nanjing 

Proton Gamma 

EM shower（ γ ） 

Hadronic 
shower（p） 

e+ 



Proton Gamma 

Sensitive parameters 

Take advantages of muons & sub-core 

gamma 

proton 
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伽马/质子区分敏感参量 

gamma 

proton 

proton 

gamma 
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Use the lateral distribution of shower 



伽马/质子区分敏感参量 

gamma 

proton 

proton 

gamma 

5、 r70 
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Minimum radio which contained  
70% PE charge of the shower 



Judgment parameter——Q factor 

gamma 

proton 

For example, 
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MC simulation 

Primary (E, θ, ψ) Shower cascade & detector response 

Reconstruction Event parameters γ/p discrimination 

G/P separation procedure 

Event cuts condition 
 Site: YBJ @ 4300 m a.s.l. 
 Code: Corsika 6720 + QGSJET-II (was EPOS) + GHEISHA 
 Primary: point source (γ) 

Spectrum & Flux: Crab measured by HEGRA (astro-
ph/0407118) 2.05 10-6 (E/GeV)-2.62 cm-2s-1GeV-1. 
Energy:  

6 segments: 10-20-50-100 GeV-1-10-100 TeV 
Event ratios: 0.05-0.1-0.5-1.0-0.5-1.0 

 Primary: background(p) 
Spectrum & flux: J.R. Hoerandel, Astroparticle Physics 19 
(2003) 193-220 
Energy: same, but min energy = min(10,1.1 A). 

 Energy cuts: 
50 (hadron), 50 (muon), 0.3 (electron), 0.3 (photon / pion) 
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C  <R> DR 

Q因子 2.91 3.25 1.22 1.04 

67.65
% 

66.02
% 

59.33
% 

91.42
% 

5.4% 4.1% 23.6% 76.0% 

Energy = ~2 TeV   

Single parameter result 
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weakness：poor performance at low energy range（<2TeV） 

npmt E_gam <R> DR Compactness Pincness 



ROOT toolkit (v5.14)——TMVA 

Multivariate analysis 
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Algorithms： 

 Artificial Neural 

Network (ANN) 

 Boosting decision 

trees (BDTG) 

TMVA 

分析步骤： 

Input data 
files（ γ, p ） 

Algorithm invoking 

Training， 
testing， 
evaluating 
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TMVA: 
 
Toolkit for Multivariate 
Data Analysis with ROOT 



Artificial Neural Network (ANN) 

gamma proton 

1、 input variable correlations 

2、 neural network layout & convergence test 

3、 ANN result（467<npmt<581） 
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Q = 12.02 

  Q = 5.71 

C parameter 

2.1 times of C !!! 



决策树多参数分析结果 
 BDTG result（467<npmt<581） 
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Q = 16.00 

ANN 

Q = 12.02  1.33 times of ANN 

B 

B 

B B S S 

B S 

Events(with parameter mi,j,k…t) 

mi,j<C1 
mi,k<C2 

mi,t<C3 

决策树示意图 



Single parameter v.s. multivariate analysis 

Multivariate analysis has 

higher background rejection 

 ratio---higher Q value 
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Single parameter: 

Multivariate: 



 
 BDTG is better than ANN 

ANN v.s. BDTG method 
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 npmt 
 

MLPANN BDTG 



Running time  

Elapsed time for training with 185993 events: 767 sec  

Elapsed time for evaluation of 185993 events: 0.515 sec 

 
  

Elapsed time for training with 185993 events: 222 sec  

Elapsed time for evaluation of 185993 events: 0.476 sec 

ANN 

BDTG 

Comparison ： 

Training time >>test and evaluate time 

ANN > BDTG 

More events， 
Longer time。 
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Summary 
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人工神经网络 

 分类的准确度高 

 并行分布处理能力强 

 联想记忆的功能 

 对噪声神经的自适应、自组织性

及容错性能力强 

 较长的收敛和训练时间 

 黑盒，内部规则可理解性差 

 性能依赖网络结构设计和学习算法 

决策树（BDTG） 

 精度较高 

 数据训练和构造时间短 

 白盒，数据规则可视化, 容易理解 

 忽略数据集中属性之间的相关性 

 各类别样本数量不一致时，结果

偏向于更多数值的类型 

 过度拟合 

 多变量组合发现规则 

 不同决策树分支之间的分裂不平

滑 

 

人工神经网络及决策树优缺点 

缺点 优点 
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