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MVA for Electron/Pion Separation
• 2 Multi-layer perceptron neural nets—  

one for e-/π- separation, one for e+/π+. 
• Train on rho0 pions (700 MeV < W < 770 MeV) 

and simulated Bethe-Heitler electron pairs 
• Use                   and          

reactions as a way to test performance of 
the neural nets.  
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Rho0 training 

BH trainingπ0 → γe+e− ω(782) → π0π+π−

Invariant Massγe+e−

Invariant Mass
π0π+π−
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15337  
events survive NN1,NN2<0.2 cut

 2

ρ0 2018-01 GlueX data

e+e− Bethe-Heitler Simulation 

π0 → γe+e−

γe+e− invariant mass (GeV/c2) π0π+π− invariant mass (GeV/c2)

ω(782) → π0π+π−

1: Get neural net 
response for e+e- from 
π0 and π+π- events from 
omega 

2. Pick a neural net response to be the integral boundary.  
Integrate all events to the left of that “cut point”)

π− and e− (BH sim/ρ0 training) NN response, log y

3. Record how many 
events of each type get  
integrated for the cut point. 
Repeat steps 2 and 3 with a 
new cut point.

10  
events survive  
NN1,NN2<0.2 cut

ω(782) → π0π+π−

ω(782) → π0π+π−π0 → γe+e−

π0 → γe+e−

43381 total  
 
events
ω (782) → π0π+π−

31754 total                          events π0 → γe+e−

γ e+e− invariant mass (GeV/c2) π0π+π− invariant mass (GeV/c2)

ω(782) → π0π+π−

π+ NNR vs π- NNR

**since we’re applying the same NNR cut to both tracks, it’s really  
integrating within the square below:

ω(782) → π0π+π−

π+ NNR vs π- NNR
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ρ0 2018-01 GlueX data

e+e− Bethe-Heitler Simulation 

π− and e− (BH sim/ρ0 training) NN response, log y
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ρ0 2018-01 GlueX data

e+e− Bethe-Heitler Simulation 

π− and e− (BH sim/ρ0 training) NN response, log y

Two Integration Sweeps:

1. ‘Less than’ sweep: select e, reject π

ρ0 2018-01 GlueX data

e+e− Bethe-Heitler Simulation 

π− and e− (BH sim/ρ0 training) NN response, log y

2. ‘Greater than’ sweep: select π, reject e

**On this slide I’m showing  
the NN response for a single  
track from the training of 
the NN. This is only for building  
intuition on what regions will 
accept/reject pions and electrons.  
The actual NN response plots of  
the events I’m integrating 
are on subsequent slides.
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1. ‘Less than’ sweep: select e, reject π

Same plot as above, but log y

ω(782) → π0π+π−

π+ NNR vs π- NNR

e+ NNR vs e- NNR
π0 → γe+e−

ω(782) → π0π+π−

π+ NNR vs π- NNR

e+ NNR vs e- NNR
π0 → γe+e−

Sweep  
integral 
cutoff  
valus

Results from integral sweep

"Efficiency %" =
Events Integrated

Total Events
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ω(782) → π0π+π−

π+ NNR vs π- NNR

e+ NNR vs e- NNR
π0 → γe+e−
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Same plot as above, but log y

ω(782) → π0π+π−

π+ NNR vs π- NNR

e+ NNR vs e- NNR
π0 → γe+e−

Sweep  
integral 
cutoff  
valus

Results from integral sweep

"Efficiency %" =
Events Integrated

Total Events

2. ‘Greater than’ sweep: select π, reject e
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(Both tracks NNR  
go into this at once. 
can do single track  
study later)

Differences: Training ROC curves can get  
100% background rejection efficiency at  
97% signal efficiency,  
whereas the double track data classification  
requires you to go down to 93%
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