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C.Francisco, T. Duchesne, T.Oliveira, L.Santos & C. Almeida WNPPC 2018 1 / 44



Neutrinos, Dark
Matter and the
Standard Model

C. Francisco,
T. Duchesne,

T.Oliveira,
L. Santos,
C. Almeida

Neutrinos

The God Particle

Discovery of a
Higgs Boson

CERN’s Large
Hadron Collider

The LHC Tunnel

Cost Statistical
Analyses

Simulation of
Collision

Decay Channels
of the Higgs

Searching above
Background

Possible
Statistical
Outcomes

Simplified Models

Detection and
Upper Limits

Exclusion and
Sensitivity

The Null
Hypothesis

P-values

Sensitive Test

Insensitive Test

Comparing the
Sensitivity of
Tests

Avoiding
Exclusion

Effect of Criterion

5 σ Detection
Threshold

Data Collection
and Processing

Background
Models

Full Analysis

Higgs mass via a
unified analysis

Bayesian Analysis

R developments

Acknowledgments

Bibliography

Outline

1 Neutrinos
2 The God Particle
3 Discovery of a Higgs Boson
4 CERN’s Large Hadron Collider
5 The LHC Tunnel
6 Cost Statistical Analyses
7 Simulation of Collision
8 Decay Channels of the Higgs
9 Searching above Background

10 Possible Statistical Outcomes
11 Simplified Models
12 Detection and Upper Limits
13 Exclusion and Sensitivity
14 The Null Hypothesis

15 P-values
16 Sensitive Test
17 Insensitive Test
18 Comparing the Sensitivity of

Tests
19 Avoiding Exclusion
20 Effect of Criterion
21 5 σ Detection Threshold
22 Data Collection and Processing
23 Background Models
24 Full Analysis
25 Higgs mass via a unified analysis
26 Bayesian Analysis
27 R developments
28 Bibliography

C.Francisco, T. Duchesne, T.Oliveira, L.Santos & C. Almeida WNPPC 2018 2 / 44



Neutrinos, Dark
Matter and the
Standard Model

C. Francisco,
T. Duchesne,

T.Oliveira,
L. Santos,
C. Almeida

Neutrinos

The God Particle

Discovery of a
Higgs Boson

CERN’s Large
Hadron Collider

The LHC Tunnel

Cost Statistical
Analyses

Simulation of
Collision

Decay Channels
of the Higgs

Searching above
Background

Possible
Statistical
Outcomes

Simplified Models

Detection and
Upper Limits

Exclusion and
Sensitivity

The Null
Hypothesis

P-values

Sensitive Test

Insensitive Test

Comparing the
Sensitivity of
Tests

Avoiding
Exclusion

Effect of Criterion

5 σ Detection
Threshold

Data Collection
and Processing

Background
Models

Full Analysis

Higgs mass via a
unified analysis

Bayesian Analysis

R developments

Acknowledgments

Bibliography

Winter Nuclear and Particle Physics Conference (WNPPC)

Mont Tremblant, 15-18 February 2018 - Québec - Canada
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R developments:

Physicists at the Large Hadron Collider would like your
contribution in studying the Higgs Boson. It’s true that they
found the Higgs boson which is responsible for giving all
particles their mass nearly two years ago, but its exact
behavior is still mysterious. Now, the scientists are asking
coders to develop algorithms that can reveal the Higgs’
properties.
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R code:

Physicists have to hunt through the noisy mess of other
particles to see the Higgs’ weak decay signal. Bellow is R
Code designed to help in this task:
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Thank You!
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