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Introduction
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Cosmic Rays
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EAS and its detection
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What can we estimate?

● Direction

● Energy

● Composition



Composition

Three components:

● Hadronic

● Electromagnetic

● Muonic
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ALPACA Proyect
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Detector set up Detectors
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Proposal

PMT

Machine 
Learning 
Algorithm

Probability to 
detect a muon 
on the WCD

What is the efficiency of a logistic classification algorithm to separate traces containing muons 
from traces without muons in a simulated WCD?
001
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Simulations
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Particle simulations
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Detector and traces simulations
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Information from each trace
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● Integral: Total number of 
photons that arrived to the PMT.

● Max amplitude: The maximum 
number of photons on the trace.

● Max amplitude time: Time when 
the trace reached the maximum 
number of photons.

● Trace width: Time interval since 
the number of photons got over 
the 40% of the max amplitude 
until it got under the 40% of the 
max amplitude.
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Classification algorithm
Binary logistic regression
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How can we determine the probability that a trace contains 
a muon?

Probability:

Linear combination:

Coefficients:
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How can we determine the coefficients?
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Bernoulli:

Likelihood:



Projection of the tracks on the integral and the width of the 
track plane
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Proyección de las trazas en el plano de la integral y de la 
posición de la amplitud máxima
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Analysis and results

19



Confusion matrix

TN FP

FN TP

Efficiency:

Sensibility:

Specificity:

20

without muonwith muon

w
ith

ou
t m

uo
n

w
ith

 m
uo

n



How to determine the threshold?

Threshold for maximum efficiency = 0.46 21



How to determine the threshold?
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Cross validation
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Variation of efficiency as a function of proportion
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Summary
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Summary
- It is possible to discriminate tracks with at least one muon from tracks 

without muons with an efficiency of 𝜺 = (78.5 ± 0.3)%, which forms the basis 
for discriminating gamma primaries in the ALPACA experiment.

- The efficiency is not a reliable metric because it changes as the proportion 
of tracks with muons varies.

- The metrics to evaluate are sensitivity S = (84.1 ± 0.3)% and
specificity E = (72.9 ± 0.3)%
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- We have a simple model and a low-cost 
detector with a single PMT, yet seemingly 
better results compared to other similar 
articles using more advanced techniques 
and a WCD with multiple PMTs.

Summary



Perspectives
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Perspectives
Neural networks

Add a second PMT

PMT1

PMT2
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input hidden layer hidden layer output



Thank you
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