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" Tutorial 1 Introduction

Featured Prediction Competition

Higgs Boson Machine Learning Challenge $13,000

Use the ATLAS experiment to identify the Higgs boson PLizgiitonsy

1,784 teams - 7 years ago

G.. [ $4UA5 4<€ lea Google

Center for Data Science

https://www.kaggle.com/c/higgs-boson

2014

vV H->VV(yy, WW,ZZ)
» H - 1(— e/u+ 2v) t(hadrons)


https://www.kaggle.com/c/higgs-boson
https://www.kaggle.com/c/higgs-boson
https://www.kaggle.com/c/higgs-boson

' Tutorial 2 Higgs boson discovery (BDT)

training.csv

250000 events

an ID column

30 feature columns
a weight column

a label column

> Primitives

PRI_tau_pt
PRI tau_eta
PRI_tau_phi
PRI_lep_pt
PRI_lep_eta
PRI_lep_phi
PRI_met
PRI_met_phi

PRI _met_sumet

> Derived

DER_mass_ MMC
DER_mass_transverse_met_lep
DER_mass_vis

DER_pt_h

DER_deltaeta_jet_jet
DER_mass_jet_jet
DER_prodeta_jet_jet

PRI_jet_num
PRI_jet_leading_pt
PRI_jet_leading_eta
PRI_jet_leading_phi
PRI_jet_subleading_pt
PRI_jet_subleading_eta
PRI_jet_subleading_phi
PRI_jet_all_pt

DER_deltar_tau_lep
DER_pt_tot
DER_sum_pt
DER_pt_ratio_lep_tau
DER_met_phi_centrality
DER_lep_eta_centrality



' Tutorial 1  Toolkits

A

Python 3

« Python is a programming
language that lets you work
more quickly and integrate your
systems more effectively.

.Eewm

Scikit-learn

« Machine Learning in Python
« Simple and efficient tools for

predictive data analysis

tlib

matpl:

Matplotlib

« Matplotlib is a comprehensive

library for creating static,
animated, and interactive
visualizations in Python.



' Tutorial 1  Steps

Preprocess data

Format
Plot
Split into training set and validation set

Build model

Decision tree classifier (Gini impurity)
AdaBoost

Train model

Make predictions

Evaluate model

https://scikit-learn.org/stable/modules/tree.html#classification

https://scikit-learn.org/stable/modules/ensemble.html#adaboost



https://scikit-learn.org/stable/modules/tree.html#classification
https://scikit-learn.org/stable/modules/tree.html#classification
https://scikit-learn.org/stable/modules/tree.html#classification
https://scikit-learn.org/stable/modules/ensemble.html#adaboost
https://scikit-learn.org/stable/modules/ensemble.html#adaboost
https://scikit-learn.org/stable/modules/ensemble.html#adaboost

Number of estimators = 5

a1 fi(x) + €
= a1f1(x) + a,f>2(x) + €,
= a1 f1(x) + ayfo(x) + azfz(x) + €3

=
|

https://scikit-learn.org/stable/modules/tree.html#classification

https://scikit-learn.org/stable/modules/ensemble.html#adaboost



https://scikit-learn.org/stable/modules/tree.html#classification
https://scikit-learn.org/stable/modules/tree.html#classification
https://scikit-learn.org/stable/modules/tree.html#classification
https://scikit-learn.org/stable/modules/ensemble.html#adaboost
https://scikit-learn.org/stable/modules/ensemble.html#adaboost
https://scikit-learn.org/stable/modules/ensemble.html#adaboost

' Tutorial 1 Performance

Relationship B 1 Threshold and Classification

Negative

TN  FP

> Score threshold

> Selection efficiencies

 TPR for signal 3 Posiive i |84
* FPR for background
» Detection significance e

 AMS: approximate median significance

s
AMS = \/2 ((s+b—|—breg)ln (1—|— b"‘breg) —s)




TUTORIAL 2 Higgs boson discovery (FCNN)
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' Tutorial 2 Toolkits

A

Python 3

« Python is a programming
language that lets you work
more quickly and integrate your
systems more effectively.

PyTorch

» An open source machine
learning framework that
accelerates the path from
research prototyping to
production deployment.

tlib

matpl=

Matplotlib

« Matplotlib is a comprehensive

library for creating static,
animated, and interactive
visualizations in Python.



' Tutorial 2 Steps

o Preprocess data

Format

Plot

Normalization

Split into training set and validation set

W=\
A‘MA‘A%A‘
NRY V&W

Build model
FCNN

Z'féf&‘ll
‘I’“\V

Train and validate iteratively

o a0 Input Layer Hidden Layer 1 Hidden Layer2  Output Layer
Make predictions

Evaluate model



H N '
\0,,. A\m \
WO/

il X K
A’A’A’A A'A IA A’ ‘
V‘V V‘v “V V‘

'lr “ l;\ “
A A\ l u\\

30 64 128 64 1
RelLU RelLU RelLU Sigmoid

1
L= ), 1t = Dlogy(x) +1(t; = 0) Iog(1 ~ ¥(x))

Binary cross entropy



' Tutorial 2 Best Model Selection

loss

underfitting

validation

overfitting

train

- >

iterations

best model
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" Tutorial 3 Introduction

Jet Image

Image storage in NVIDIA format

[N,C,H, W]



" Tutorial 3 Introduction arXiv:2106.07018

Photon-jet

QCD-jet

40 X 40 pixels
An X A¢ = 0.02 x 0.02

R = 0.4



' Tutorial 3 Introduction

all particles photons charged hadrons

train data npz

10000 jets
Images [10000, 5, 40, 40]
labels [10000]

neutral hadrons tracks

vaI|d _data.npz

10000 jets
Images [10000, 5, 40, 40]

labels [10000]




' Tutorial 3  Steps

Preprocess data

Format

Plot

Normalization

Split into training set and validation set

Build model
CNN

Train and validate iteratively
Make predictions

Evaluate model

convolutional layer

max-pooling

dense layer

.E'- . quark jet
o i
o
ol

-

g e,

e o

g gluon jet



' Tutorial 2 Steps

5x40x40

Conv 8x3x3

RelLU

Poll 2x2

8x20x20

Conv 8x3x3

RelLU

Poll 2x2

8x10x10

Conv 8x3x3

RelLU

Poll 2x2

8x5x5

Flatten

200

Linear 32

32

Linear 16

16

Linear 1

1




