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1. CONTEXT

LAGO Water Cherenkov Detectors
* Single, large-area photomultiplier tube as the primary sensor

Datasets
e Real: 24hs of data from March 2012, at LAGO site in
Bariloche, Argentina
e Simulated: Combination of the outputs of the ARTI
and Meiga simulation frameworks, simulated the
expected WCD signals produced by the flux of
secondary particles during 24hs at the LAGO site in
Bariloche, Argenting, situated at 865 m above sea
level.
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1. PROBLEM DESCRIPTION AND OBJECTIVE

e Water Cherenkov Detectors provide no direct way to
discriminate between secondary particle contributions.

e We propose a machine learning pipeline using clustering for
the classification of secondary particle contributions.
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2. METHODOLOGY

We proposed a methodology based on data science where we use machine learning (ML) to
implement a data-driven model and processing pipeline. The main protagonist of this pipeline is @
hierarchical density-based unsupervised machine learning method for clustering pulses based on
similarity patterns, called OPTICS (Ordering Points to Identify the Clustering Structure).
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2. METHODOLOGY - PREPROCESSING

We applied two steps:
I.Filtering ( actual & synthetic data) to remove anomalies and increase the data quality of the
dataset.
2.Splitting of the synthetic data set into an input for OPTICS and a target/ground truth to later
validate the results.

For real data:
e Saturated pulses
e Complex pulses (multiple peaks) Saturated
* Pulses with negative values
* Very short pulses

50

For simulated data:
e Particles that did not have enough
energy to produce a photon.
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2. METHODOLOGY - FEATURE SELECTION

We used four initial features:
e Total Deposited Charge
e Peak of Pulse
e Time to Deposit 90% of Charge
e Pulse Duration

With  these features, we applied a standard
normalization and Principal Component Analysis (PCA)
step to create a better behaved feature set for the
machine learning (ML) algorithm.

After analyzing the Pearson Correlation, it was found
that Peak and Pulse duration features had high
correlation with Total Deposited feature. After running
the complete pipeline it was found that eliminating Peak
produced better results.

Pearson Correlation Coeflicients Between Features

Total Deposited

Peak
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Final Features

Total Deposited

Time to Deposit 90%

Pulse Duration

Description

Total Photoelectrons (PE) that where deposited
by the pulse, in total count of PE.

Time the pulse took to depoite 90% of its PEs, in ns.

Duration of the pulse, in ns.



2. METHODOLOGY - OPTICS

Is a hierarchical density-based unsupervised machine learning method. It defines a reachability-distance,
called epsilon, that is a minimum distance that describes cluster structure. One can then use a, or multiple,

thershold(s) to define a cluster
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2. METHODOLOGY - OPTICS

Exerpt of 2D projections of the PCA features created from the initial features used.



3. RESULTS: REAL DATA

e Raw data from "Nahuelito” WCD site at Bariloche, Argentina.

Total of 24hs of data between 13:00, 01 of March of 2012 and _
12:00_2 of March of 2012 ram of Pulse Charge with Clusters

labels optics

e ~39 million events preserved after preprocessing (~ 40%). S0
Each hour contained ~1.6 million events.
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3. RESULTS: SIMULATED DATA 1
e 24 hours of synthetic data for spaceweather conditions on |

March of 2012 at "Nahuelito® WCD site at Bariloche,
Argentina.

o After preprocessing there remained about ~24 million
events .
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3. RESULTS: VARIABILITY OF RESULTS
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3. RESULTS: SIDE BY SIDE

ram of Pulse Charge with Clusters
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4. FUTURE WORK

e More exploration of features
e Convert code into a production library
e Optimize code for HPC environment




Thank You!!!

Questions?

Contacto: ttorres@herrera.unt.edu



