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https://root.cern.ch/download/doc/tmva/TMVAUsersGuide.pdf

Introduction

Definition:

Multivariate Data Analysis (MVA) is a statistical and computational approach that in-
volves the simultaneous analysis of multiple variables to understand complex relation-
ships and patterns within a dataset.

TMVA = Toolkit for Multivariate Analysis
— Important part of the ROOT data analysis framework.

Example:

Goal: Differentiate Bg - ¢y(— e"e”) from Bg — oJfY(— e'e)
What we obtain from experiment are parameters such as (p;, E, m, flight distance, ...)
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Data preprocessing

Decorrelation
Correlation makes it harder to learn the underlying structure
— Utilizing covariance matrix x’ — (C)™" x

Data preprocessing

Primarily used for machine learning applications
X—p

Preprocessing to O(1) numbers, e.g. .

—Xini
— Improved Convergence and Better Interpretablllty

Data seperation
Dataset split into ~ 80% training data, ~ 20% validation data
Using validation data to test for overfitting
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(Boosted) Decision Tree

Supervised learning: Have events and know if it's signal and background

Example: Selection of v, from a beam of v, using the
MiniBooNE Cerenkov detector

signal efficiency, or true positive rate
€ = SS—tagged / Struth

background mis-id rate, or false positive rate
— bS—tagged / btruth
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Receiver Operating Characteristic (ROC) curve

ROC curve graphical representation of the trade-off between signal efficiency and
background rejection

Signal efficiency vs. Background rejection
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ROOT TMVA tutorial
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https://root.cern/doc/master/TMVA__Higgs__Classification_8C.html

void TMVA_Higgs_Classification() {

auto outputFile = TFile::0pen( . )
// Declare Factory. Main object for TK ALl functions called later are from this cla
THVA: :Factory factory( , outputFile,

TString inputFileName = ;
inputFile = TFile::0pen( inputFileName );

TTree *signalTree = (TTreex)inputFile->Get(
TTree *backgroundTree = (TTreex)inputFile->6et(

signalTree->Print();

THMVA: :Dataloader * loader = new TMVA::Dataloader(

Loader->AddVariable(
loader->AddVariable(
loader->AddVariable(
loader->AddVariable(
loader->AddVariable(
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/ You can add an arbitrary number of signal or background trees

loader->AddSignalTree ( signalTree, signalwWeight );
loader->AddBackgroundTree( backgroundTree, backgroundWeight );

loader->PrepareTrainingAndTestTree( mycuts, mycutb,

DE

/7808 training events for signal and background, random slected, normalization by weights

//Boosted Decision Trees

if (useBDT) {
factory.BookMethod(loader, THVA: :Types: :kBDT,

factory.TrainAllMethods();

factory.TestAUlMethods () ;
factory.EvaluateAllMethods();

auto ¢1 = factory.GetROCCurve(loader);
c1->Draw();

outputFile->Close();

= obtain weights file
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TMVA::Tools::Instance();
TMVA::Reader *reader = new TMVA::Reader(

float m_jj, m_jjj;
reader->AddVariable( , &m_jj);
reader->AddVariable( , &m_jjj);

reader->BookMVA(

TFile *input = TFile::0Open( );

TTree *theTree = (TTree *) input->Get(
double_t us 1, userVar2;
theTree->SetBranchAddress( , GuservVarl):
theTree->SetBranchAddress( , &userVar2);

» (Longb4_t ievt = 8; ievt < theTree->GetEntries(); iewts+) {
theTree->GetEntry(ievt);
m_jj = userVaril;
m_jjj = userVar2;
Bool_t passed = reader->EvaluateMVA(
if (passed) { // do something

}
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Neural Networks

Neural Networks can be seen as a fit function with huge number of model parameters 6

fo(x) ~ f(x) 3)

Using many layers to perform the "fit":

(1 (2

X — X

N (4) Deep neural network

- .o XM= fo(x)

Input layer Multiple hidden layer Output layer

where the layers are defined as:

XD )= W (07D (5)

Neural network learns network weights W and bias
b through Loss function £ = |X, .4 = Xyl Deep neural network
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https://www.ibm.com/de-de/topics/neural-networks

CNN

o “
CNN primarily used for image classification: S T
Zero padding, Convolution, Feature maps, Pooling e .
i1 G
Y=g Z i

machine learning and physics

Feature Feature Feature Feature Hidden Hidden Hidden
Inputs maps maps maps unlts unlts unlts Outputs
1@40x40 8@39x39 a@sax}a 8@18x18 8@17x17
E iaxéuo ing
Convolution Convolution Convolution Convolution Flatten Fully Fully Fully
4x4 kernel 4x4 kernel 4x4 kernel 4x4 kernel connected connected connected

arXiv:1701.08784v2
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https://uebungen.physik.uni-heidelberg.de/vorlesung/20232/1769
https://arxiv.org/abs/1701.08784

