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Limited by Geant4 simulation !
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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)
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Muon Weighted Magnetic field

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)
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Input variables 
for training (from 

gm2ringsim 
simulation )

Signal : 
Energy Deposition > 1.6GeV

Background:  Otherwise

Data Preselection Cut: Energy>1.6 GeV

BDT Training
(TMVA’s 

AdaBoost) 

with preselection

Fast simulation & 
AdaBoost application

Gm2ringsim

~𝟏𝟎𝟐 more efficient
without preselection

Background

Signal

Performance BenchmarkBDT Application
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Signal efficiency

Receiver Operating Characteristic Curves

Model trained 
at preselected 

data have 
higher area 
under ROC 

curve 
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Monte-Carlo Truth

BDT Prediction

Data Preselection

Area Under ROC curve
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