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SuperKEKBςBelle II
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Belle IIis a multipurpose detector operating at the SuperKEKBὩὩ collider, 
( ▼ Ȣ GeV). New generation of B-Factories, and is performing research 
at the intensity frontier.

Target dataset size for Belle II is 50 ab-1 which is around 30 times that of the 
previous B-Factories, namely BaBar& Belle.
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PID Motivation
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Solution: 
Use the novel Pulse Shape Discrimination (PSD) tool.

Discriminate between hadrons and leptons in the 
Electromagnetic Calorimeter (ECL)only.

Problem: 
Largesystematic uncertaintiesstemming from mis-
identification of charged particles. 
An example:ⱧȟⱫ mis-id. 
Similar particles  -> regular PID is limited (e.g. Cherenkov).
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Physics Motivation
Example physics measurements that would benefit from 
ⱧȟⱫ discrimination:

1. aŜŀǎǳǊŜƳŜƴǘƻŦὃ ȡὩὩ ᴼ†† ᴼ “’ ὥ’ .

Example mis-id: † ᴼ‘’ Ӷ’

2. Measurement of ὩὩ ᴼ““ cross section for 

vacuum polarization measurements.

Example mis-id: ὩὩ ᴼ‘‘

Both haveⱧȟⱫ mis-identification, where a pure 
“ sample is wanted.
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Electromagnetic Calorimeter (ECL)
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Composed of 8736CsI(Tl) 
crystals arranged in a cylinder
around the IP.

Crystal measurements are 
digitized in 31-length 
waveforms. The waveforms are 
fit to obtain energies, and 
times.

Upper profile of the ECL

ECLis responsible for:
ÅMeasuringǇŀǊǘƛŎƭŜΩǎ 

energies through 
energy depositions.
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IP
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Pulse Shape Discrimination (PSD)
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Hadronicshower

Electromagneticshower

Energy absorption in the ECL CsI(Tl) crystalshas 
different pulse shapesbasedon the type of energy
absorption.

Mainly: electromagneticvshadronic.
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PSD in CsI(Tl)

Specifically, we fit 
for the contribution
of each template.

Getthe proportion 
from hadronicand 
electromagnetic

sources.

Ⱬ have ~50%
probability to 
hadronically 

shower.
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Energy contribution from each 
type of interaction.
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Training a Boosted Decision Tree
GBDT uses the crystal information of clusters for 20 highest energy crystals:
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Cluster Variables:

If there are not 20 crystals, fill with empty crystals.
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Training a Boosted Decision Tree
GBDT uses the crystal information of clusters for 20 highest energy crystals:
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Cluster Variables:

If there are not 20 crystals, fill with empty crystals.

PSD contribution

Multi-crystal variables
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Evaluation Metrics
Metric usedto evaluate the models is the ROC curve.
ÅThreshold independentmetric
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The area under the ROC curve (AUC) is obtained to 
quantify the model quality.
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Results PID ς‘ȟ“
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The metrics are shown against a control model training which contains the same variables 
minus the PSD variables. An improvement to the ROC curve and its AUC are observed 
when adding PSD information. 

Target:
0: “ 1: ‘
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