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names) to itsconstituents , hence creating a newzoology :

Louis D'eramo (LPNHE, Paris) - 23/11/2018 - Rencontre Jeunes Physiciernes 2018



R

Welcome to the zoology of particles

As a natural science, the particle physics likes talassify (and therefore give funny
names) to itsconstituents , hence creating a newzoology :

3&34)*+,- #&3['()*+,- HBO&H!()*+,- "
5 2 5 y 5 , # I‘
48, 6'789 ($& "#$%
788'4)*+ - %or'd)*+ - T&HI()*+,- "
5 6 5 9 5 < # ‘
4$5% (87%!: +$(($9 &'$($%
"= A)*+ - =AY+ - H#8B8B:/()*+,- UH&HY'()*+-
# # # "
5 ) 5 5 # y
":6(8%% O#$% (7# )*+$,$%
>3&3')*+,- >HEB'A) +,- SH=&="4)*+,- I"&0%'()*+,-
" " " 1#
5 ! 5 5 # l
:":6(8$% 9#$% (7# _*+$’$%

%:#(8A%S | | %:#(8A%S | | %:#(8A%S

<

Contrary to biology families are debned by the nature of the objects and their functions.
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Welcome to the zoology of particles

As a natural science, the particle physics likes talassify (and therefore give funny

names) to itsconstituents , hence creating a newzoology :

Constituents of
the protons
and neutrons

NWZ0—<XmT

a.k.a
matter constituents

Contrary to biology families are debned by the nature of the objects and their functions.
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As a natural science, the particle physics likes talassify (and therefore give funny
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Which theory to describe this? m

The theoretical background behind the zoology is composed of a few ingredients:

Quantum!

Field
Theory
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Which theory to describe this? m

The theoretical background behind the zoology is composed of a few ingredients:

Special

Quantum relativity

mechanics

Field theory

All that is condensed in aLagrangian formalism that contains all thekinematic
properties of the particles.
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Which theory to describe this? m

The theoretical background behind the zoology is composed of a few ingredients:

Special
relativity

Quantum
mechanics

Symmetries oL Field theory

All that is condensed in aLagrangian formalism that contains all thekinematic
properties of the particles.

All theinteractions arise from the consideration ofsymmetries . Really all?
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m

If we believe that alinteractions arise from thesame mechanism : there is a
moment where they wereindistinguishable .

Unifying the interactions

Time

Temperature / Energy

Then how to explain that theweak force mediators (W/Z bosons) aremassive
when the photon is massless ?
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Here comes the Higgs m

Inspired by superconductivity physics, two groups of physicists imagined that the
answer could lie under the concept ofspontaneous symmetry breaking
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Here comes the Higgs

R

Inspired by superconductivity physics, two groups of physicists imagined that the
answer could lie under the concept ofspontaneous symmetry breaking

Vv
A

degree of freedom

Orin 2D

\% V
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O B
) )
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\J
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>
degree of freedom degree of freedom

Thereforesome particles feel aquadratic

potential (i.e. like a mass term) whil®@ther can
"move" freely .

The localisedexcitation of the peld associated
to this potential is the famousHiggs boson .
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How to look for the Higgs boson m

How to create an Higgs boson

K /@@fi@ Ehgy
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0-0-0-0-0
0-0,-0-0-0

x@\@@ﬁ\
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How to create an Higgs boson
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How to look for the Higgs boson m

How to create an Higgs boson

Km@fi@ Ehgy
9y

0-0-0-0-0
0-0,-0-0-0

\vg\@@“@
\‘;Valence Quarks\”:— ~
) ~ Gluons

But how to get our ingredients ?
Fortunately they are all containednside protons .

Sea Quérks
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How to look for the Higgs boson m

How to create an Higgs boson

K/@@w € ene,
9y

0-0-0-0-0
0-0,-0-0-0

inele
'Valence Quarks |
| Gluons

But how to get our ingredients ?
Fortunately they are all containednside protons .

But to get them close enough so that theycould interact ?

" seaQuarks

Louis D'eramo (LPNHE, Paris) - 23/11/2018 - Rencontre Jeunes Physiciennes 2018



R

How to get the proton to interact?

CMS
LHC

LHCb

ALICE
; TT40
SPS QN
TI8

TI2
Lk ATLAS
HiRadMat
2011 | TTe0
|
ER

L BOOST
| 1972 (157 m).
= wﬁ.z%&}b

PS

LINAC 2
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How to get the proton to interact? m

We need:
CMS - a source of protons
LHC

ALICE LHCb

TT40
SF35——--~"—___"‘\\\\-—)—
1976 (7 km) TI8
e ATLAS
HiRadMat
2011 | TT60

|

TT24R\

TI2

P

LINAC 2
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a source of protons

How to get the proton to interact?

We need:

CMS

/Hc | \
ALICE LHCb
; TT40
SPS QN
" 7i
ATLAS
HiRadMat

2011 |
|
L BOOSTER
| 1972 (157 m).
= ‘Fﬁ.:%%b

PS
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a source of protons

a way to accelerate them



How to get the proton to interact?

R

C._, +C: e
c Cc

ALICE C C C C LHCb
SPS Q.
TI3
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How to get the proton to interact? m

We need:
CMS - a source of protons
LHC a way to accelerate them

ALICE LHCb - a point where to collide them

TT40
SPS QN
1976 (7 km) TI8 4

T2\,

ATLAS

HiRadMat

2011 [

2 BOOSTER
1972 (157 m).

1959 (628 m)

LINAC 2
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How to get the proton to interact? m

We need:

S - a source of protons
| a way to accelerate them

LHC

a point where to collide them

1976 (7 km)

HiRadMat

2011 |

mﬁ BOOSTER

PS
¢

LINAC 2
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How to get the proton to interact? m

We need.:
CMS - a source of protons
LHC - a way to accelerate them
ALICE LHCb - a point where to collide them

SPS\'HiO\» .
o\ A & Something to detect the

' Lk ATLAS : :
HiRadMat " outgoing particles
2011 | 60

12 300STER
1972 (157 m)

1959 (628 m)

LINAC 2
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How to get the proton to interact? m

We need:
VIS - a source of protons
- — —
/LHC | \ - away to accelerate them
ALICE LHCb - a point where to collide them

SPS

- Something to detect the

outgoing particles

TI2

HiRadMat
2011 |
|

BOOSTER

P

LINAC 2

25m

Measurements to interpret €——

Semiconductor fracker
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Why looking for the Higgs boson beauty? m

Higgs bosons have a very, venshort life : 1022 s,
But they love todecay into b quarks :

Branching ratio of Higgs decay

So why not having discovered the Higgs already
with that???
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Why looking for the Higgs boson beauty? m

Higgs bosons have a very, venshort life : 1022 s, Well, in a p-p collision, a lot ob quarks

But they love todecay into b quarks : are alsoproduced by other mechanism
proton - (anti)proton cross sections
W T 3
10° " 110
10° ‘ Teva:tron LHC ' 10°
10° | : ' L J10°
10° | 5 10°[7,
10° £ T =
(&)
10° 4 10°)3
2 [ 2 8
— 10 E_ < 10 T
_g, 10' | - 10" :'
i N =
— 10" jet(ETjet > 100 GeV) H10° S
10" [ 4107 @
2 ] o 9
10 3 E 10 E
Branching ratio of Higgs decay 10° . 103|§
10" 3 I ‘ : E E 10"
So why not having discovered the Higgs already 10° ;—Mflmev{ | A
with that??? 10% ¢ | 1
10_7 L WJSZOiLZ . kel . . L ; 0 . . - 107
0.1 1 10
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Ok, but why machine learning?

So looking fora-reedle 2 b quarks coming from a Higgs bosonin-an-haystack a dataset
from the ATLAS detector...
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Ok, but why machine learning?

So looking fora-reedle 2 b quarks coming from a Higgs bosonin-an-haystack a dataset
from the ATLAS detector...

Example of algorithm:

Q Is this brown?
Does the event have 2 b quarks?

© s the length <5 cm?
Isvan < .. 7
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So looking fora-reedle 2 b quarks coming from a Higgs bosonin-an-haystack a dataset
from the ATLAS detector...

Example of algorithm:
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Does the event have 2 b quarks?
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m :

Ok, but why machine learning?

So looking fora-reedle 2 b quarks coming from a Higgs bosonin-an-haystack a dataset
from the ATLAS detector...

Example of algorithm:

Q Is this brown?
Does the event have 2 b quarks?

© s the length <5 cm?
Isvan < .. 7

© s it attracted by a magnet?
Isvap > .. ?

Ok but this raise a lot of questions.

Are the variable the mostsensitive ones?
How to debne the cuts ?

What about correlations between variables?
What if some signal canfail a cut?
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Constructing a decision tree m

The goal is toclassify an eventin 2
‘ categories : Signal / Background .

Simulated samples are used to
construct this decision tree.
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Constructing a decision tree

The goal is toclassify an eventin 2
‘ categories : Signal / Background .

Simulated samples are used to
construct this decision tree.

Amongst all thevariables available,
the algorithmchooses which one
discriminates the best between the
two categories.
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Constructing a decision tree

The goal is toclassify an eventin 2
categories : Signal / Background .

Varl<cl varl=>cl Simulated samples are used to

construct this decision tree.

Amongst all thevariables available,
the algorithmchooses which one
discriminates the best between the
two categories.
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Constructing a decision tree

The goal is toclassify an eventin 2
categories : Signal / Background .

Varl<cl Varl >—cl

Simulated samples are used to
construct this decision tree.

‘ Amongst all thevariables available,

the algorithmchooses which one
discriminates the best between the
two categories.
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Constructing a decision tree

Varl<cl

Varl >—cl

R

The goal is toclassify an eventin 2
categories : Signal / Background .

Simulated samples are used to
construct this decision tree.

Amongst all thevariables available,
the algorithmchooses which one
discriminates the best between the
two categories.

Events passing/failing are set to two
leaves and we repeat the operation
to bnd the optimal cut on the new
optimal variable.
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optimal variable.
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The goal is toclassify an eventin 2
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the algorithmchooses which one
discriminates the best between the
two categories.

Events passing/failing are set to two
leaves and we repeat the operation
to bnd the optimal cut on the new
optimal variable.

To stop the process, we assign
some criteria to stop the tree to
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Louis D'eramo (LPNHE, Paris) - 23/11/2018 - Rencontre Jeunes Physiciernes 2018 11



Constructing a decision tree
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leaves and we repeat the operation
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grow.

Louis D'eramo (LPNHE, Paris) - 23/11/2018 - Rencontre Jeunes Physiciernes 2018 11



Constructing a decision tree m

The goal is toclassify an eventin 2
categories : Signal / Background .

Varl<cl varl=>cl Simulated samples are used to

construct this decision tree.

Amongst all thevariables available,
Var 3 < c3 Var 3 > ¢3 Var 2 < ¢2 var2>c2  the algorithmchooses which one
discriminates the best between the

‘ ‘ ‘ ‘ two categories.

Var1>c4 /\ Varl<c4 Events passing/failing are set to two
leaves and we repeat the operation

. . ‘ . . . . . to Pnd the optimal cut on the new
optimal variable.
' vy v v Vo v To stop the process, we assign

some criteria to stop the tree to
grow.

A purity Is then computed depending on thenumber of Signal/Background events

that are in the Pnal leaf.
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Example of Decision Tree

From the two 1-D distributions it is
not clear how to distinguish signal
from background.

The 2-D plot reveals better the
disentanglement

Let the decision tree  know how to
separate the two.
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Example of Decision Tree

From the two 1-D distributions it is
not clear how to distinguish signal
from background.

The 2-D plot reveals better the
disentanglement .

Let the decision tree  know how to
separate the two.
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Boosting the Decision Tree

After the classibcation, soméeaves

are not pure .
Varl<cl Var1l>—cl

Var 3<c3 Var 3 > c3 Var 2 < c?2 Var 2 > c2

Varl >c4 Var1l<c4
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Boosting the Decision Tree

After the classibcation, soméeaves

are not pure .

Varl<cl Var1l>—cl

Var 3<c3 Var 3 > c3 Var 2 < c?2 Var 2 > c2

Varl >c4 Varl<c4

vV v vV vV v v Vv v

Good! Poorl Good! Good! Good! Good! Poor! Good!
class. class. class. class. class. class. class. class.
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Boosting the Decision Tree

After the classibcation, soméeaves
are not pure .

Varl<cl Var 1l >—cl .. ..
|dea: retraining a new decision tree
but giving more power to the
misclassibed events
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Boosting the Decision Tree

After the classibcation, soméeaves
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|dea: retraining a new decision tree
but giving more power to the
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Boosting the Decision Tree

After the classibcation, soméeaves

are not pure .
Varl<cl Varl>—cl . ..
Idea: retralnlng a new dECISIOH tree

but giving more power to the
misclassibPed events

Var 3 < ¢c3 Var 3 > c3 Var 2 < ¢c2 var2>c2 Then we cancombine all the trees by
giving someweights based on the
misclassibcation " minor corrections

Var1l>c4 Varl<c4 WI” be added.

vV v vV vV v v Vv v

Good! Poor! Good! Good! Good! Good! Poorl Good!

s/"s+b

class. class. class. class. class. class. class. class.
v vV vV VY vV VvV VvV v
w=1 wll w=1 w=1 w=1 w=1l w!l w=1

“ new training.
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Example of BDT

The correlation between the two variables
IS clear for a human.

However hereboosting the DT canhelp to
get better classibcation
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Example of BDT

The correlation between the two variables
IS clear for a human.

However hereboosting the DT canhelp to
get better classibcation

However performances are similar for
more than 50 trees " just a waste of CPU.
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Application to H' bb observation
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Application to H' bb observation

Machine learning
technique
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Application to H' bb observation
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statistical signibcance : 4.9 ! observation
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possible source of _
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statistical signibcance : 3.6 ! evidence...
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Conclusion

' The Quantum Field Theory Is a relative
complete theory involving different physical and

mathematical theories.

' In order to explain themass of the weak force

mediators , a spontaneously broken beld has to
be involved, and requires a new particle: the

Higgs Boson

18F
! Its coupling to the b quarks Is a rather

experimentalcomplex but fascinating
guestion.

! To solve It, some advancedmachine
learning using BDT are used.

' The observation of Higgs decay into bb
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