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Training and Application Results

Calorimeter Acceptance via Boosted Decision Tree Algorithm

BDT Application
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Signal : 
Energy Deposition > 1.6GeV

Background:  Otherwise
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Performance Benchmark and Upcoming Training  

Fast simulation & 
AdaBoost application
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Events processed

…

A BDT for 100 
MeV bin in the 

preselected 
training data

(work in 
progress)

1. Train BDT to classify T-methods e+ events (hit and deposit >1.6 GeV) given position and momentum

 Goal: achieve high Signal to Background separation (quantified by Area Under ROC curve)

2. Process training data into total of 5M events

 2.5M for Signal and Background

 1.25M for training, the rest for testing

 Independent 1M events for application

3. Model: Adaptive Boosted Decision Trees (AdaBoost) provided by ROOT::TMVA. 

Hyperparameters: NTrees=850 MinNodeSize=2.5%   MaxDepth=5 AdaBoostBeta=0.5                         
UseBaggedBoost BaggedSampleFraction=0.5   SeparationType=GiniIndex nCuts=20

TMVA’s default

Best without overfit

Fast Simulation of Muon Storage Ring

Geant4-based simulation is 
expensive !

1. Muon beam & spin dynamics 

2. Muon decay to positrons

3. Positron transportation and EM 

Shower Development

Analytical calculation or Beam Optics Simulations (eg: BMAD, COSY)

Geant4 MuonDecayWithSpin Class

Model with Machine Learning (this work)

Phase-Acceptance Systematic Correction to 𝝎𝒂

𝚫𝝓~𝟐𝐦𝐫𝐚𝐝
Limited by Geant4 simulation !
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Phase Map ConstructionTime Dependent Shift in Fitted 𝝎𝒂 Phase
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1. Time dependent beam effect

2. Dependent of phase on decay 

position (Phase-acceptance)

Measurement of Muon’s Magnetic Anomaly

𝒆+ Energy Spectrum Modulation at 𝝎𝒂
𝝎𝒂 Analysis
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Muon Weighted Magnetic field𝒙 = 𝑬/𝑬𝒎𝒂𝒙
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Monte-Carlo Truth BDT Prediction Preselection Cut

PZ:PX predicted by BDT has MC truth’s main features

The fitted phase from BDT is close to MC truth

𝜙 =3.122 rad 𝜙 =3.128 rad 𝜙 =3.135 rad

BDT has predicted some False Signal events
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References4. AdaBoost’s sample weights are 
updated iteratively. Misclassified 
samples have larger weight.

Optimal cut = –0.05
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BDT Cut Efficiencies and Overtraining Check


