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Motivation
Identify 𝒆+𝒆− → 𝒇ത𝒇 events for 𝑨𝑳𝑹 measurements using a machine 
learning based classifier trained on event shape variables.

Goal is to try to get high purity discrimination of 𝒃ഥ𝒃, 𝒄ത𝒄 without 
reconstruction.

Results:

Sufficient for selecting 𝒃ഥ𝒃 events, but some reconstruction may be
needed to select 𝒄ത𝒄 events from the 𝑢𝑑𝑠𝜏. 
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𝒃ഥ𝒃, 𝒄ത𝒄 GBDT model

Evaluation variables:
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10 most important variables 
(as defined by the GBDT)
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Validation Results
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Use ROC and AUC to quantify model 
quality. Rates are normalized to # of 
generated particles (MC number).
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Results 𝑏ത𝑏
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𝒃ഥ𝒃 selection against 𝑐 ҧ𝑐 & 𝑢𝑑𝑠τ background (in fraction).
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Lepton selection
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Include the requirement that the event must have a lepton. Muon selection is not 
optimal. Does reduce the 𝑢𝑑𝑠 contribution. 𝑐 ҧ𝑐 and 𝜏 not as affected

7/13



New Work
1. Separating ҧ𝑐𝑐 & 𝑢𝑑𝑠 with a new classifier.

2. Try using some particle information to improve classification of
1. ҧ𝑐𝑐 & 𝑢𝑑𝑠

2. 𝑏ത𝑏 & ҧ𝑐𝑐

3. Preparing to test on data 
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ҧ𝑐𝑐 & 𝑢𝑑𝑠 classifier

Using only event shape variables.

Validation results:
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~
0.2 𝑒𝑓𝑓

0.1 𝐹𝑅
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ҧ𝑐𝑐 & 𝑢𝑑𝑠 classifier #2
Using event shape, other event 
variables & particle numbers.

Will eventually add other : 
e.g. maxP of 𝑒, 𝜇, 𝐾 in event.

Validation results:
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~
0.2 𝑒𝑓𝑓

0.04 𝐹𝑅
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Creating a Testing Data Set
To test the classifiers, run them on data & MC. 

Two datasets are selected:
1. Experiment 14 (4S)

2. Experiment 12 (4S_offres)

Currently in progress, still processing the data. 

The equivalent run dependant MC datasets are also being processed to 
get accurate efficiencies/fake rates of the classifier.
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Currently 
training on 
exp10 MC
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Extra: New 𝑏ത𝑏 & 𝑐 ҧ𝑐 classifier
Using event shape, other event 
variables & particle numbers.

Will eventually add other : 
e.g. maxP of 𝑒, 𝜇, 𝐾 in event.

Validation results:
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~
0. 3 𝑒𝑓𝑓

0.011 𝐹𝑅
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Conclusion
Count the 𝒆+𝒆− → 𝒇ത𝒇 events, especially 𝒃ഥ𝒃 & 𝒄ത𝒄. Avoid reconstruction 
(e.g. D mesons) using only event based variables.

𝒃ഥ𝒃 − 𝒄ത𝒄 classifier improved by particle event variables.

𝒄ത𝒄 − 𝒖𝒅𝒔 classifier show better results than cut based approach. 
Inconclusive at the moment, waiting for data testing samples.

Interested in applying the same analysis for 𝒔ത𝒔 − 𝒖𝒅𝒔𝝉 using similar 
methods. Would provide some additional counting opportunities. May 
not be possible, have to try.
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Backup



ҧ𝑐𝑐 & 𝑢𝑑𝑠𝜏 classifier
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Using only event shape variables.

Validation results:
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ҧ𝑐𝑐 & 𝑢𝑑𝑠𝜏 classifier #2
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Using event shape, other event 
variables & particle numbers.

Validation results:
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Results c ҧc
𝑐 ҧ𝑐 selection against 𝑏ത𝑏
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Results bതb

Friday, February 10th ALEXANDRE BEAUBIEN — UNIVERSITY OF VICTORIA — BELLE II

𝑏ത𝑏 selection against 𝑐 ҧ𝑐 and 𝑢𝑑𝑠𝜏 background in 𝑛𝑏−1

18/13


	Slide 1: Separation of e to the plus , e to the minus goes to f f bar  with  event-based ML models
	Slide 2: Outline
	Slide 3: Motivation
	Slide 4: bold italic b bold italic b bar , bold italic c bold italic c bar GBDT model
	Slide 5: Validation Results
	Slide 6: Results b b bar  
	Slide 7: Lepton selection
	Slide 8: New Work
	Slide 9: c bar c  & u d s  classifier
	Slide 10: c bar c  & u d s  classifier #2
	Slide 11: Creating a Testing Data Set
	Slide 12: Extra: New b b bar  & c c bar  classifier
	Slide 13: Conclusion
	Slide 14: Backup
	Slide 15: c bar c  & u d s tau  classifier
	Slide 16: c bar c  & u d s tau  classifier #2
	Slide 17: Results cc bar 
	Slide 18: Results bb bar  

