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Sep ‘19 CM: Presented some early 
results for the Pion Absorption & 
Charge Exchange selection

Also identified some error 
pathologies

● I.e. charged pions classified as 
showers

This talk: testing the use of 
alternative classifiers for tracks & 
showers 

Introduction
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Determine 
Interaction Point + 

Slice

Old Event Selection Flowchart

Good Beam Track
By Position

Run CNN on 
daughters. 

Re-categorize 
tracks/showers

χ2 - PID:
Any π-like 
daughters?

Ignore far track-like 
daughters and all 

showers

SignalBackground

Yes No
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Old: Testing Event Selection
Selection error pathologies:

Type % of Events

Missed Pion 
Daughter

39%

Pion Daughter 
Tagged as Shower

46%

Proton-like PID 5.6%

Skipped Pion (dR) 4.5%

Skipped Pion (CNN 
score)

5%
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Old: Testing Event Selection
Selection error pathologies:

Type % of Events

Missed Pion 
Daughter

39%

Pion Daughter 
Tagged as Shower

46%

Proton-like PID 5.6%

Skipped Pion (dR) 4.5%

Skipped Pion (CNN 
score)

5% Can possibly pick these out with 
the CNN
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Old: Testing Event Selection

Shower objects calorimetry not 
usable for this context. Need 
track objects for these
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2D CNN Performance
Francesca showed: 2D CNN 
track-like score for PFParticles 
performs better than Pandora’s 
track/shower discrimination

Use this on all 
beam-pion-daughter PFPs to 
determine if track-like or 
shower-like 

Credit: Francesca Stocker
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Forced Track-Fitting
Can use PMA and force 
Pandora to fit all PFParticles in 
event with a track

In analyzer: Using the 2D CNN 
on the hits from the daughter 
PFPs, determine if track or 
shower

Then get the corresponding 
reco objects

Allows us to treat all track-like 
objects accordingly
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Forced Track-Fitting

Note: This does not overwrite 
original reconstructed objects, 
but allows users to get the 
alternate reco objects.
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PMA Performance
The calorimetry information 
from PMA seems a bit off, will 
need to investigate what could 
be going wrong

Right: calorimetry info from all 
pion/proton daughters. 

PMA

Original Pandora



Jake Calcutt    12

Pandora Performance
The ‘redone’ Pandora seems a 
bit off as well, but closer to the 
original. The remaining studies 
use this.

Right: calorimetry info from all 
pion/proton daughters. 

Forced Pandora

Original Pandora
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Pandora Performance
Fitting the calorimetry (note: 
uncalibrated) to the proton 
template results

Cut kept same as the previous 
study -- to be optimized

Pion-like
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Selection Results

Efficiency: 90% → 66%

Purity: 52% → 69%

Old New
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Error Pathologies

Note: Some overlap between 
categories

Category # of Events

Total 63

True π+/- Daughter 
Not in PFParticles 

31

π+/- Tagged as 
Shower 

10

π+/- Track Looks Like 
Proton

12

Multiple π0 
Daughters 

11
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Error Pathologies

Could be from prompt 
re-interactions or below-threshold 
pions

Below: tracking efficiency for true 
daughter pions

Category # of Events

Total 63

True π+/- Daughter 
Not in PFParticles 

31

π+/- Tagged as 
Shower 

10

π+/- Track Looks Like 
Proton

12

Multiple π0 
Daughters 

11
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Error Pathologies

Category # of Events

Total 63

True π+/- Daughter 
Not in PFParticles 

31

π+/- Tagged as 
Shower 

10

π+/- Track Looks Like 
Proton

12

Multiple π0 
Daughters 

11

Sometimes edge cases of the PID 
cut (could be optimized), 
sometimes comes from ‘bad’ 
calorimetry info -- i.e. too few hits 
in the collection plane
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Error Pathologies

Category # of Events

Total 63

True π+/- Daughter 
Not in PFParticles 

31

π+/- Tagged as 
Shower 

10

π+/- Track Looks Like 
Proton

12

Multiple π0 
Daughters 

11

Need to dig into this one further
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Error Pathologies

Category # of Events

Total 63

True π+/- Daughter 
Not in PFParticles 

31

π+/- Tagged as 
Shower 

10

π+/- Track Looks Like 
Proton

12

Multiple π0 
Daughters 

11 π+ X

π0

X = Nucleons 

Matter of semantics. This selection 
is not sensitive to this channel. 
Redefine signal to something like: 
“π+ → No Charged π”

Purity relative to this rises to 72%
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Note On Reconstruction Errors

Cutting out reconstruction errors (see talk at previous sim/reco meeting) 
cuts out: 48% of unmatched, 15% of inelastic, 28% of elastic events 

Requiring 
Good Reco

https://indico.fnal.gov/event/22125/
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Conclusion
Abs + Cex event selection has improved

● Testing alternative categorization/reconstruction has promisingly 
first results

● Previous studies on reconstruction errors appear beneficial
● Refinement/clarity of what I call signal of course improves it further

To do: 

● Test on larger MC sample
● Investigate calorimetry performance for Pandora and PMA

○ Also: Calibrate on MC?

● Optimize CNN, PID cuts
● Investigate reconstruction errors



Thanks for listening

Jake Calcutt    
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Event Topologies

π+
X

π+

X

π0

Absorption

Charge 
Exchange*

X = Nucleons 

* Have a refinement on this later


