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INTRODUCTION

Trying to detect anomalies (Unknown
events) at the particle collision events in
ATLAS experiment ;

Application of Machine Learning
methods to detect anomalies (Deep
learning);

Construction of Neural Networks:

Treatment of the Neural Networks MACHINE LEARNING

out p uts . https://www.dreamstime.com/machine-learning-icon-
outline-style-thin-line-creative-logo-graphic-design-more-
image 163107940




STANDARD MODEL
AND ISSUES

v" Incredibly successful and compatible with
almost all experiment results.

= Unable to explain the existence the hypothesis
of dark energy and dark matter;

» Neutrino mases is predicted to be zero (false);

= Does notinclude gravity...
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Muon detector

Electromagnetic

calorimeters N
Solenoid End-cap toroid

Barrel toroid k -

Hadronic calorimeters . _
Inner detector L Beam axis

. » Detect Higgs Boson;
A Toroidal LHC apparatuS ; petect particles that could make up dark

3 matter.



DATASET

To train, validate and test the models, simulated events
have been used ( Geant4 Monte Carlo Simulations).
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Run: 427394
Event: 3038977
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Image courtesy of ATLAS experiment at the European Organization for Nuclear
Research (CERN)
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THE ATLAS COLLABORATION, Search for large missing transverse momentum in
association with one top-quark in proton-proton collisions at s = vV13TeV with the ATLAS
detector. P.5.

Features

« N - multiplicity of jets

 MET - Missing Transverse
Energy

* 4-momentum (p,, p,, p,,€)

« Ht- scalar sum of objects

Delta - higher level variables




NEURAL NETWORKS

Supervised Learning

» Trainning with signal and background OUTPUT :
INPUT Reconstructed
events; input

* The aim of the Neural Network is to
differentiate bkg-events and sig-events.

Input layer Hidden layers Output laver

Semi-Supervised Learning
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Trainning only with background events;

The Autoencoder (AE) is a neural network;
Try to reconstruct events;

A bad reconstruction could correspond to an
anomaly
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« ROC AUC (area under curve): Measure of the

performance of classification of a binary classification

system.
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« ClLs method: Is a statistical method used to define

upper limits /exclusion limits on model parameters.
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TOOLS FOR THE ANALISIS

Qccurrence Density

Reconstruction Error: Used to detect anomalies, is

the measure of the loss when the AE tries to

reconstruct events.
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RESULTS - Deep Neural Network

DNN as a binary classification system:

m=) Event classification

Inés Pinto . “Anomaly detection in the top quark sector with the ATLAS/LHC experiment”. Scientific Project June 25, 2022.
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RESULTS - Autoencoder

= Events reconstruction ' Loss Values for the
(Signal and Background) reconstructed events

ALL level features
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RESULTS
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Further




THEY ALL ASK “WHAT 1S DARK MATTER?”
AND “WHERE (S DARK MATTER?” BUT

« D)
d\lOBODY ASKS “HOW 1S DARK MATTER? »
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THANK YOU!
QUESTIONS?
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https://www.newscientist.com/article/2267304-tom-gauld-has-a-heart-to-heart-with-dark-matter/
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