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( )

You're certainly

all familiar

with the SM* I’'m sure you're all
SM* experts

Beginning of the talk

Towards the end of the talk

6 *SM stands for Standard Model
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® Matter consists of elementary particles, which interact with each other via forces
® The theory describing matter and its interactions is the Standard Model

QUARKS
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Up Down . © Electron Neutrino Photon Gluon

& o P

Charm Strange Muon Neutrino Muon

<

Tau Neutrino Tau Higgs Graviton



| st element: special relativity ! PARTICLES FASTER THAN!
| THE SPEEDJOEILIGHT?

>
- ol

® All inertial observers see the same physics:

® same light speed c

® |orentz symmetries = Space-time “rotations” PICSIOR IT!IIﬁN>T HAPPEN

R v e — (t, f)

| | z? = g, z*c’ = ¥z, = invariant

k_/ ™ nw = diag(1,-1,-1,-1)

® Energy-momentum relation: p = (E,p), p> = m? = E? - p?

11




The thec

N T

. — —

2nd element: quantum mechanics

® Determinism is not fundamental: Az* x Ap, > (h/2)0"

® Nature is random — probability rules

® The vacuum is not void, it fluctuates!

® C(lassical physics emerges from constructive interference of probability

amplitudes:

Feynman’s path integral:

A = [[dq] exp(iS[q(t), 4(¢)])

a rational for the least action principle

It replaces the classical notion of a single, unique
classical frajectory, with a sum over an infinity of

quantum-mechanically possible trajectories to compute

| aquantum amplitude.

12
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https://en.wikipedia.org/wiki/Probability_amplitude

= QFT is the only known way to reconcile QM and SR
- Relativistic wave equations are not sufficient
- We need to change number and types of particles in
particle interactions
- Need for fields and quantise them “quantum fields”

= Particles = Excitations (quanta) of fields

13



= QFT is the only known way to reconcile QM and SR
- Relativistic wave equations are not sufficient
- We need to change number and types of particles in
particle interactions
- Need for fields and quantise them “quantum fields”

= Particles = Excitations (quanta) of fields
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= Elegant theory

» Lagrangian formulation
» A few free parameters

» Contains both EW and QCD

» Re-normalisable
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= Elegant theory

» Lagrangian formulation
» A few free parameters

» Contains both EW and QCD
» Re-normalisable

» Gauge bosons have to be of zero

mass (the “mass problem”)
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= Elegant theory

QUARKS

EToRE

» Lagrangian formulation
» A few free parameters

» Contains both EW and QCD
» Re-normalisable

» Gauge bosons have to be of zero

mass (the “mass problem”)

Particules de matiére (fermions)
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W and Z bosons have a mass
measured experimentally




QUARKS

= Elegant theory
» Lagrangian formulation
» A few free parameters

» Contains both EW and QCD

» Re-normalisable

» Gauge bosons have to be of zero

mass (the “mass problem”)

Particules de matiére (fermions)

511 KeV

=
» €

1}
171.2 GeV

+2/3 t
1/2
top

4.2 GeV

-1/3
172

bottom

boson de masse

d'interactions

135 GeV

H

charge électrique

symbole

W and Z bosons have a mass
measured experimentally
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= Elegant theory
» Lagrangian formulation

» A few free parameters
» Contains both EW and QCD

» Re-normalisable Higgs mechanism to
» Gauge bosons have to be of zero reconcile the theory
mass (the “mass problem”) with the observations

Does this make
me look fat?

wronghandsd.wordpress.com © Tohn Atkinson, Wrorg Hands




At the very early age of the universe
® The Higgs field fills all space
without any effect on the
particles
® Particles are moving at the speed of
light, being mass-less

Gravity VAVAVAVAVAVAVAVAVAVAVAVAN

Photon N\ N\NN VNNV NV

Weak boson A\ "\ \ '\ V"V \V/\V V'V N

Neutrinos >

Electrons -

Top quark -

20



At the universe age of ~10-10 s :

® The Higgs field that fills all the
space, acquires a vacuum
expectation value (VEV) that
is non zero

® Some particles interact with the
Higgs field and as a result they're
slowed down ( = acquiring mass)

Gravity  AANNMVNANNNN

Photon \N\\ N\ \ S\ N\N\NNN

Weak boson WWV\

Neutrinos i

Electrons i M

Top quark -

- Mass is not an intrinsic property of particles, but results from an
interaction with the Higgs field that fills the space!!
- The Higgs boson is the particle corresponding to the Higgs field

21



o Lagrangian additional term:
[H/_c]gs = (D*D)( Dﬂ D) -V (D*D)
V(DD) = _'UZ(I)Jf(I) it /‘;((I)*(I))Z

o u?,A>0:infinite number of degenerate vacuum states

- 0= O*Q| ' vo="— "Higgs field vacuum
/4

expectation value"

(_ﬂ'(I)-}-(I) vacuum 2/1

i

Choose one vacuum state <> spontaneous symmetry breaking

'Higgs VEV of 246 GeV

22 “vacuum expectation value”




® | HC primarily a pp collider: QCD theory plays a critical role
» SU(3) gauge group, describes the strong interaction
» 8 gluons, 6 known quarks
» Asymptotic freedom between quarks and gluons
+ At high energy q/g interact weakly allowing perturbative calculations
+ At low energy interaction becomes strong resulting into the confinement of
quarks and gluons to composite hadrons

® |n the experiments we are measuring jets
» A proxy to the initial quark or gluon

23



® | HC primarily a pp collider: QCD theory plays a critical role
» SU(3) gauge group, describes the strong interaction
» 8 gluons, 6 known quarks
» Asymptotic freedom between quarks and gluons
+ At high energy q/g interact weakly allowing perturbative calculations
+ At low energy interaction becomes strong resulting into the confinement of
quarks and gluons to composite hadrons

® |n the experiments we are measuring jets
» A proxy to the initial quark or gluon

» Jets are produced abundantly in LHC Qw’;ATLAS

A EXPERIMENT

m, =576 GeV, ET**=265.7 GeV, H,=1932.8 GeV

JETS EVERYWHERE 2
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* Jets are the outputs of
clustering algorithms
that group inputs, typically
calorimeter energy
clusters

+ A proxy to the hard scattered
parton (quark or gluon)



Ahard scad Z‘er/ng

parz‘on Shoeoer

e\/o/ Wi on

hadrorn'zadion

/
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* Jets are the outputs of
clustering algorithms
that group inputs, typically
calorimeter energy
clusters

+ A proxy to the hard scattered
parton (quark or gluon)

* The challenge of jets comes

from QCD physics:

parton shower and

hadronization

+ The particles we measure -TT,
K, p, n, etc- are not the

particles from the hard
scattering



* Naively, jet algorithms are the inverse of the parton shower

guluaisn|d 19(

-«

Parton Shower

27



* Naively, jet algorithms are the inverse of the parton shower

N

e But the parton shower is actually not invertible!

Jet/Clusterin

* There is no correct jet algorithm. Choice depends
on the physics case

28 MORE THAN ONE JET COLLECTION?



* Naively, jet algorithms are the inverse of the parton shower

N

e But the parton shower is actually not invertible!

* There is no correct jet algorithm. Choice depends
on the physics case

e Anti-kr family of jet algorithms: the standard at
LHC experiments

+ Regular shape objects (easy to calibrate, more
resilient to pile-up)
+ Jet size based on the event kinematics

Jet/Clusterin




* Primarily a p-p collider of 27km circumference situated at CERN
30
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Mean Number of Interactions per Crossing
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e 25 pile-up vertices



veriex

B pile up vertex

@ primary

1
a)
| q:-l ]
| F:5
W\ Vg
\ _;__“_‘ , Ne
,z: ;
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7/
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v ;

,_

I
—
e
|
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v vVertex

proton bunch

& seconda

I/.-. .
_~"decay chain

EXPERIMENT
Date: 2016-07-25 05:01:07 UTC

SATLAS

Run Number: 304431, Event Number: 2206548301

fo!

[ 2015:<u>=13.5

=93
] 2016: <u>

ﬁ_dt

=13 TeV

/s

ATLAS Online

=249

= 38.3

] 2017:<u>

=31.9

B Total: <u>

initial 2017 calibration

AN

Mean Number of Interactions per Crossing

1)

e 25 pile-up vertices, can you tell which candidate event is it??



——— — e Tevatron had collected 10 /fb in

ATLAS Online Luminosit
nline Luminosity IO )Iea_r's

e 2011 pp ?=7Tev 50 /fz

e ey * We expect another ~50 /fb next
year, for a total of ~150 /fb at
the end of Run-2 (2015-2018)

w2016 pp s =13 TeV
w2017 pp s =13 TeV 40
* Future goals
» 300 /fb until 2023

D
o

(o)
o

wW
o
IIII|IIII|IIII|IIII|III||IIII

Collisions:

N
NN

Delivered Luminosity [fb™]
N
o

N
o

UONEIqIED £ 102 [BlUl

10
ob—L 1 » >3000 /fb at the end or the HL-
yar Aol AN oct LHC to start in 2026

Month in Year

* Collisions happening every 25 ns (40 MHZz)
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CERN

Point 1 _ =z Point 2

cMs =
Point 5 &

E540 - V10/09/97




Barrel Toroid

* Excellent vertex and tracking system
4+ Our best handle against pileup

Muon Detectors

Inner Detector

A X
. . <
Electromagnetic Calorimeters e
| 5!

Solenoid

Detector characteristics

Width: 44m
L } | Diameter: 22m
= || | Weight: 7000t

Forward Calorimeters

Hadronic Calorimeters

CERN AC - ATLAS V1997

End Cap Toroid

Shielding

* Large coverage of muon detection

* Excellent calorimetry with extended coverage to enable accurate jet and
transverse missing energy measurements

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0 m

Overall length :28.7m

Magnetic field :3.8T

Pixel (100x150 ym) ~16m* ~66M channels
Microstrips (80x180 ym) ~200m?> ~9.6M channels
‘ SUPERCONDUCTING SOLENOID
_— —== e Niobium titanium coil carrying ~18,000A
=
—

S MUON CHAMBERS

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

PRESHOWER

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

36

Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

Silicon strips ~16m?> ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels



(actual path)

(actual path)

Also the transverse plane
but seen only in 2D.

(and from along the beam axis)

/

The transverse plane.

proton beam 2

Outside the confines of the detector

V2

of course nothing is measured...
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° E-I-initial — ETﬁnaI &
° O — ETﬁnaI &
° O — E-I-detectable + E-I-undetectable &
° E-I-undetectable = . ETdetectabIe =
° ETmiss - . ETdetectabIe &
— Ffor ths s I‘MP/ 1£led eXCZMP/ e

o ETmiss = _ (ETmuonI + ETmuonZ)



4 )
1% muon. 4! o [Eqinitial = Efinal <

(actual path)

'/ ° O: ETﬁnaI &

° O — E-I-detectable + E-I-undetectable &

° E-I-undetectable - _ ETdetectabIe =N

(actual path)

° ETmiss - _ ETdetectabIe &

Also the transverse plane

but seen only in 2D. ;‘ < f’ or Z‘/7/§ 5//)7?/ /‘{7 ed eXdMP/ e

VZ Outside the confines of the detector o ETmiss - - (ETmuonI + ETmuonZ)

(and from along the beam axis)

of course nothing is measured...

X J

Zn reality Z‘/?/‘ngs are much more complicated, but in a Simple manner,
and For each event

o [Eqmiss = . (ETeIectrons + Etphotons + Ermuons + Ejets 4+ Eqsoft energy not related to an object)
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° E-I-initial: ETﬁnaI &

e 0= ETﬁnaI &

o — o oess et RO '., .,-, ; : | P O — ETdeteCtable + E_I_undetectab|e o

° E-I-undetectable - _ ETdetectabIe =N

(actual path)

° ETmiss - _ ETdetectabIe &

Also the transverse plane
but seen only in 2D.

(and from along the beam axis)

— Ffor ths s I‘MP/ 1£led eXCZMP/ e
V2  outside the confines of the detector ® ETmiSS - - (ETmuon I + ETmuonZ)

of course nothing is measured...

X J

Zn reality Z‘/?/‘ngs are much more complicated, but in a Simple manner,
and For each event

o [Eqmiss = . (ETeIectrons + ETphotons + ETmuons + E-I-jets + ETsoft energy not related to an object)

* Don t get foled next time you hear mlssmg energy It is actually all the v:s:ble non-

(‘ €€

m:ssed) energy w:th a s:gn in front U
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(actual path)

ATLAS Prellmlnary + Data
Data 2016, Vs = 13 TeV B Z- ee)
Z — ee, 85fb | AR
[] Diboson
El
[ Singlet
*. MC Stat.

proton beam 1 \.;‘, ' \ -

L 3
Events / 20 GeV

(actual path)

Also the transverse plane

butseenonlyin2p. [ >
(and from along the beam axis) ‘ (3) p/e
Vv
2 3 Jon2)
\ CDU " H . . N : ’
. . 00 50 100 150 200 250 300 350 400 450 500
In reality things are much »e TST Ef™** [GeV]
\_

and For each event
o [Eqmiss = . (ETeIectrons + ETphotons + ETmuons + E-I-jets + ETsoft energy not related to an object)

| Don t get foled next tlme you hear mlssmg energy It is actually aII the v:s:ble non- g

(‘ €€

s:gn in front u

m:ssed) energy w:th a




Standard Model Production Cross Section Measurements

10°
104
103
102

10

Status: July 2017
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A plethora of SM
measurements in
ATLAS & CMS
reveal a very good
agreement with the
SM predictions to
our current
knowledge
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* LHC is a top factory, a lot of measurements of cross section and mass

—
ATLAS+CMS Preliminary My, SUMMary, {s=7-13 TeV September 2017 QO L _
v Tevatron combined 1.96 TeV (L < 8.8 fb ..
LHCtopWG .2.' | v CMS dilepton,l+jets* 5. 02 TeV((L 27.4 p)b b CMS Prellmlnary July 2017 |
------- World Comb. Mar 2014, [7] I f f i (- m CMSeu7TeV(L=5fb )
stat total stat (@) O CMS l+jets 7 TeV (L=2.3fb™)
total uncertainty . . — 3| v CMSalljets 7 TeV (L =3. 54 fb™)
. g Mop 1012l (stat = 9y fo met O 10°E o cMSeusTev(L=19.710")
* ——— 311, 751, —
ATLAS, I+jets (¥) : 172.31+ 1.55 (0.75 = 1.35) 7 TeV [1] ()] — 4 CMSI+jets 8 TeV (L=19.6fb )
ATLAS, dilepton (*) —t——— 173.09 = 1.63 (0.64 = 1.50) 7TeV [2] 2 — ¢ CMSalljets 8 TeV (L=18.4fb b}
CMS, l+jets =+ 173.49 = 1.06 (0.43 = 0.97) 7 TeV [3] 8 |~ O CMSeui13TeV(L=43 ;;E )50 ns)
CMS, dilept —t—t— 172.50 = 1.52 (0.43 = 1.46 Tev 4 # CMSeu13TeV(L=22 L
cMS :lejpton e — 173.49 = 1.41 (o 69 = 1 23) v O ~ * CMS+ets" 13 TeV (L = 42 pb, 50 ns) 1000 1 ]
» all jets ! 49 = 1.41(0.69 = 1.23) 7TeV [5] o A CMS I+jets 13 TeV (L=2.2fb") I ]
LHC comb. (Sep 2013) LHctopwa I—l+|—| 173.29 = 0.95 (0.35 = 0.88) 7TeV [6] — ~ % CMSall-jets* 13 TeV (L =2.53 fb" ) —
World comb. (Mar 2014) H+—H 173.34 = 0.76 (0.36 = 0.67) 1967 TeV [7] +  Preliminary 1
ATLAS, I+jets H——+H 172.33 + 1.27 (0.75 = 1.02) 77TeV (8] o 1 02 | i 11
ATLAS, dilepton = 173.79 = 1.41 (0.54 = 1.30) 7TeV [8] = — 800 1
ATLAS, all jets F——=—— 17512 1.8 (1.4 = 1.2) 7TeV [9] ‘g — I =
ATLAS, single top I —a—t | 172.2+2.1 (0.7 = 2.0) 8 TeV [10] o — | 1 7
ATLAS, dilepton == 172.99 = 0.85 (0.41= 0.74) 8 TeV [11] c B 7]
: L - | NNPDF3. MMHT14{ _|
ATLAS, all jets =t 173.72 = 1.15 (0.55 = 1.01) 8 TeV [12] - 600_ D 3.0 . )
ATLAS, l+jets Soo 2017 e 172.08 = 0.91 (0.38 = 0.82) 8 TeV [13] - ——— NNLO+NNLL (pp) | .CT14 DABM12* 1 4
ATLAS comb. (75°°0) HH : 172.51 = 0.50 (0.27 = 0.42) 7+8TeV [13] g NNLO+NNLL (pp) T
CMS, hjets Heg 172352051 (0.1620.48) BTev 10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 19 Vs[TeV] _|
CMS, dilepton et 172.82 = 1.23 (0.19 + 1.22) 8 TeV [14] - _ GeV M) = 0.118 = 0.001 [ (M )=0.113] 3
CMS, all jets e 172.32 + 0.64 (0.25 = 0.59) 8 TeV [14] - NNPDF3.0, m, =172.5 GeV, a (M,) = 0.118 + 0.001 ["a (M_)=0.113] .
CMS, single top i 172.95 = 1.22 (0.77 = 0.95) 8Tev [15] I S (S SR SO N R N S I T T S N T
CMS comb. (Sep 2015) s 172.44 = 0.48 (0.13 = 0.47) 748 TeV [14] 2 4 6 8 10 12 14
CMS, I+jets e 172.25 + 0.63 (0.08 = 0.62) 13 TeV [16]
- B R e % v e o s s Vs [TeV]
(*) Superseded by results 4] Bur e oo (2012) 2202 P AT AL S OuR A (10 s oS ror 7007
shown below the line B Coposre oo
| | | | | | | | | | | | | | | | | | | | | | | |
165 170 175 180 185
My, [GeV]

* Top is the heaviest known particle. If new physics exists, it's expected to couple with the mass
e Top sensitive to new physics

* Top rare processes ttZ, ttbb, ... are important background for various analyses (ttH)

Nicolas 7T onon
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Higgs boson discovery announced in July 2012 by both ATLAS and CMS

ATLAS and CMS combined
measurement of its mass gives
a precessions of 2 per mile!

Precision will be improved in
Run 2

100 ATLAS Preliminary —o0 m,, = 125.09 GeV

pp—H —
[ AHoyy 0 H-ZZ*—41 QCD scale uncertainty
- ¢ combined data B Total uncertainty (scale ® PDF+a.)
80

systematic uncertainty

Most sensitive channels: H—=YyY and H—>ZZ*—4|
Sd\flé a Fal. ,ée
Ll T T T I 1 T T T l T T T T I T 1 Ll Ll I T T T T ] T T T 1 I T 1 T T l T T
LHC Run 1 Total Stat. Syst.
ATLAS H—yy H——e——— 126.02 +0.51 ( + 0.43 + 0.27) GeV
CMS H—yy b 124.70 = 0.34 ( + 0.31 + 0.15) GeV
ATLAS H—-ZZ 4] I i { 124.51+ 0.52 ( £ 0.52 = 0.04) GeV
CMS H—ZZ -4l ——— 125.59 + 0.45 ( £ 0.42 + 0.17) GeV
ATLAS+CMS yy P—EI—I 125.07 = 0.29 ( = 0.25 = 0.14) GeV
ATLAS+CMS 41 l-—}E—l 125.15 + 0.40 ( = 0.37 = 0.15) GeV
ATLAS+CMS yy+4l P—?—I 125.09 = 0.24 ( = 0.21 = 0.11) GeV
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 L I 1 1 1 1 I 1 1 1 1 I 1 1
123 124 125 126 127 128 129
- e . m,, [GeV]
E[> 15 ATLAS and CMS
¥ | LHC Run1
o
ELL|> 107 E
gLL
2 * Results consistent to SM
107°F

107°F

10

¢ ATLAS+CMS
— M, ] fit
[ 68% CL
[ ]95% CL

SM Higgs boson _

. 1 n |

10 102
Particle mass [GeV]

predictions within
uncertainties
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Vs=7TeV, 45fb"
Vs=8TeV, 20.3fb"
Vs=13TeV,36.1fb"

.1I3. 1
Vs [TeV]

10 11 12



g 70000001
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39" 07172 7 ) Vs=8TeV & F = ¢
= # S F
q . = 10F : Sqghk_ e, 2z 3
? E 2 + " E
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9 1 5 S10% E
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80 100 120 140 160 180 200 80 100 120 140 160 180 200
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® Given a fixed mp, all the couplings, production mode and decay rates
can be calculated

® Gluon fusion being the main decay mode in LHC

® H—bb the highest branching ratio, accessible via VH production mode

ttH the only way to mesure directly the Higgs boson coupling to the

heaviest known elementary particle (top quark)

2¥/ 0=0.3 pb 44 44




\T(J’C 20I16... (pal‘a/on <4 £rench > >

125 GeV: une masse "magique”
e Beaucoup de canaux ouverts !

e Mais certains plus durs que d'autres...

Défis pour surpasser le Run 1

e 71, WW étaient limités par les systématiques
au Run 1

e Beaucoup de travail pour améliorer la
précision

e Pas encore d'analyse 13TeV publiques !

La hype du Run I
e Mises en évidence attendues dans l'année (?)
e Couplage au b: VH(bb), ttH(bb)
Présentation de Charles
e Couplage au top (mesure directe): ttH, avec
H — bb, H —multi-leptons, H — ~~

Présentations de Kevin, Ana Elena, Robert

N. Morange (LAL Orsay)

o
= 107 ATLAS Preliminary -e-Data
2 T~ - -1 mm VH(bb) (1=1.0)
5 Vs=13TeV [Ldt=1321b B Dibcann
6 tt
w10 Single top
: mm W.(bb,bc,cc,bl)
10 B Z+(bb,bc,cc,bl)
10°
10°
10
10
1
= K R B Al BARAE LASAREEEESSEEESEEEEEEEE
© - E
) 0F # ==
:3 S A P ey o (TYTH POPRRITTIrY PITIn T PTovOhs.
-4 35 -3 25 -2 <15 -1 -05 0 05
log (S/B)
10
Uncertainty Source A
tt+ > 1b modelling +0.34 —0.33
Jet flavour tagging 4+0.19 -=0.19
Background model statistics +0.18 —=0.18
tt+ > le modelling +0.17  -0.17
Jet energy scale and resolution +0.18 —0.18
ttH modelling +0.20 -0.13
tt+light modelling +0.14  —0.14
Other background modelling +0.16 =0.15
Fake lepton uncertainties +0.11  -0.12
Jet-vertex association, pileup modelling +0.09  —0.09
Luminosity +0.09  —0.09
ttZ modelling +0.08 —=0.07
Light lepton (e, p), photon, and 7 1D, isolation, trigger +0.04 —0.04
Total systematic uncertainty +0.57 —0.54
tt+ > 1b normalisation +0.24 -0.24
tt+ > lc normalisation +0.11  —0.11
Statistical uncertainty +0.38 —0.38
Total uncertainty +0.69 —0.66
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125 GeV: une masse "magique”

Beaucoup de canaux ouverts !
Mais certains plus durs que d'autres...

Défis pour surpasser le Run 1

71, WW étaient limités par les systématiques
au Run 1

Beaucoup de travail pour améliorer la
précision

Pas encore d’'analyse 13TeV publiques !

La hype du Run I

o
3 10 ATLAS Preliminary -o- Data
2 =_ B g = VH(bb) (1=1.0)
5 Vs=13TeV [Ldt=1321b B Dibcomn
6 tt
3 pm Single top
g mm W+(bb,bc,cc,bl)
10 m Z+(bb,bc,cc,bl)
10
10°
10°

Pull (stat.)

e Mises en évidence attendues dans l'année (?)
e Couplage au b: VH(bb), ttH(bb)
Presentation de Charles
e Couplage au top (mesure directe): ttH, avec
H — bb, H —multi-leptons, H — ~~
Présentations de Kevin, Ana Elena, Robert
®

N. Morange (LAL Orsay)

+0.34 —-0.33

+0.19 -=0.19

+0.18  —0.18

= 1c¢ modelling +0.17 -0.17

Jet energy scale and resolution +0.18 —0.18
tt H modelling +0.20 -0.13
tt+light modelling +0.14  —0.14
Other background modelling +0.16 —=0.15
Fake lepton uncertainties +0.11  —0.12
Jet-vertex association, pileup modelling +0.09  —0.09
Luminosity +0.09  —0.09
ttZ modelling +0.08 —=0.07
Light lepton (e, u), photon, and 7 ID, isolation, trigger +0.04 —0.04
Total systematic uncertainty +0.57  —0.54
ti+ > 1b normalisation +0.24 -0.24
tt+ > le normalisation +0.11  —-0.11
Statistical uncertainty +0.38 —0.38
Total uncertainty +0.69 —0.66
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YOU SERIOUS?
/ Y |
i

‘Why particle
. masses are
so different?
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26.8% Dark
Matter

68.3% Dark

4.9% Ordinary
Energy Matter

PHOTON GLUON
masse nulle  masse nulle

Why particle
masses are
so different?
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- r heutrinos ‘
,Yllll SEHW“SQ have
mass, Yo
dumb SM!

26.8% Dark
Matter

68.3% Dark 4.9% Ordi
rgy o Ordinary
Ene Matter

PHOTON GLUON
masse nulle  masse null

Why particle
masses are
so different?
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- r heutrinos ‘
,Yllll SEHW“SQ have
mass, Yo
dumb SM!

26.8% Dark
Matter

68.3% Dark 4.9% Ordi
rgy o Ordinary
Ene Matter

PHOTON GLUON
masse nulle  masse null

Find New
Physics
particles!!!

Why particle
masses are
so different?
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The Standard Model of particle physics wm= Leptons

Bosons

Years from concept to discovery Quar

1880 90 1900 10 20 30 40 50 60 70
Electron ==
Photon } |
Muon l
Electron neutrino ' M

Muon neutrino | {

Tau neutrino

HIGGS BOSON |

Source: The Economist

80

| Theorised/explained

| Discovered

90
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OK, let’s

The Standard Model of particle physics wm Leptons

Bosons
Uuary

Years from concept to discovery

1880 90 1900 10 20 30 40 50 60 70 80 90

Electron b=

Photon } |

Muon l

Electron neutrino | : |

Muon neutrino &

Tau neutrino

HIGGS BOSON

Source: The Economist

Particle x
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| Theorised/explained

| Discovered
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OK, let’sfit

The Standard Model of particle physics — ;emons | Theorised/explained
0osSons

Years from concept to discovery Quar | Discovered

1880 90 1900 10 20 30 40 50 60 70 80 90 2000 12
Electron B |

Photon | | 0NE BOES N“Ti‘

Muon l

\;"
Electron neutrino ', ‘ : | N

Muon neutrino '
Strange " J
U e ' ‘_'J

[f'.(' n .

IND NEW PHYSIGS
Bottom v

Tau neutrino — KEEP
HIGGS BOSON C ALM

Source: The Economist

Particle x ¢ HXQIE
PATIENCE




OK, let’sfit

The Standard Model of particle physics — ;emons | Theorised/explained
0osSons

Years from concept to discovery Quar | Discovered

1880 90 1900 10 20 30 40 50 60 70 80 90 2000 12
Electron B |
Photon — ONEDOES NOT
Muon 1 \5‘
Electron neutrino = N N\
Muon neutrino E K|
Down I | * :
Strange || . - ' L 4
Uy I g - .
' 1ND NEW PHYSICS
Bottom I -
Gluon  — |
W boson } stnf
Z boson } {

Top I l

Tau neutrino = . i

HIGGS BOSON | i

Source: The Economist

Particle X e

CALM

AND
FOCUS ON

YNNIl le(= BEING RIGOROUS



12,8 BILLION YEARS AGO,
A FEW SECONDS BEFORE THE

CREATION OF OUR UNIVERSE . Lets fire up this
L arge Hadron Particle
Colliderandsee  J) fi
what happens! g3
s s <5) (I
= o . . /
= °
@ 7~ \\‘ \
1]
‘;g:& ‘ ‘\ L“} L o O
= \\\/,,/ S h
\\\\ \\ N/ - o = .
S -, 5 g D -
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Entries / GeV

Data / Pred.

IIIIIIIIIII

= -e-Data Z-ptw
- [ JMC Stat. ® Syst. Unc. ATLAS
D)o 5
= I Diboson 13 TeV, 81 pb
- [OZ-ot't

] Top quarks

I IIlIIII

| llIlIII | @ IIllII | Illlllll [ IIIlIIl 1| IIIIll|

—— m,, =80.370 £ 0.019 GeV -
B m =172.84 £ 0.70 GeV
----my, = 125.09 £ 0.24 GeV
w== 68/95% CL of m,, and m,

‘||||||

B

(00)
o
~
9]
lllllllllllll
a\!
N
N

80.4 “

N T i

80.35F J .

80.3 :_ e 68/95% CL of Electrowealsz

g Fit w/o m,, and m, i

— (Eur. Phys. J. C 74 (2014) 3046)

i 1 1 1 I 1 1 1 1 I 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 g
80:23 165 170 175 180 185

m, [GeV]

59



; —— o ——
—

Comment détecterfesparatales p

/ =

dUites 2

. Muon Detector

Hadron Calorimeter

Electromagnetic
Calorimeter

. Solenoidal Magnet

Tracking Detector

o Beam Pipe
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Relativité restreinte

E2 = m2c* + p2c? (p: quantite de mouvement)
— transformation énergie cinetique - masse

Creéation de particules «lourdesy lors

de collisions de particules plus legeres:

3 E
P, P n PP ¥P;

Désintégration de particules lourdes
instables en particules plus legeres:

E. E, E,
. P, P P,
’—> — 4—‘ ’—>
m m . m



Run 2 and Run 3

lon runs end of 2018 (Pb-Pb)

2015 2016 2017 2018
FIM(AM|]|J|A|S FIMIAM|J|J|A|S|OIND|]|FIMIAM]]|]|A[S|O|N|D M|J|]|A[S|O|N|D
)

EYETS

Shutdown/Technical stop >120 fb-1 (13 TeV)

Protons physics

Commissioning

Ions

2. 300 fb (14 TeV ?)
2019 2020 2021 2022 2023
FIM[A[M[3]3]A[S[O]N M] 3] 3TA[S[O|N[D] 3 [F]M[AIM] 3] 3] A[S[O]N][D] 3 [F[M[A]M[ 3] 3]A]S MJA[M[3]3]A]S[O]N]D

| LS2
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Timeline for upgrades Cabon 2

LHC
Run 1 | ] Run 2 | Run 3
EYETS 14 TeV 14 TeV
1314 Tov RS -
splice consolidation Injector upgrade .
7Tev B TeV button collimators "ayo Point 4 - I HL-LHC installation
AZ2E project Civil Eng. P1.PS regions
20m 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
A radiatbon
damage
experimeont . I e — 4 experiment upgrade p— — e oexperiment upgrade
non boam pipes ) e e phase 1 phase 2
'
A A
} . . ' . . . . [z integrated
luminosity

ATLAS upgrade Upgrade 2019 Upgrade 2024

» 2019: significant upgrades in trigger readout electronics and L1 trigger electronics

» 2024: upgrades lo tracker, calorimelers, muon system and (rigger

Needed to cope with increasing pileup & add new features

09



Faire des experiences dans les mémes conditions que 10-!0 s apres le Big Bang !

4 ]

| Srfals E &1 : algeals
History of the Universe
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Key: W, Z bosons ,\/\1 photon
qx
g quark e star

g gluon %)@ ® baryon

€ electron a® ion e galaxy

Mhuon 1t tau

oM f black
N neutrino > hole

Particle Data Group, LBNL, © 2000. Supported by DOE and NSF




Diving into the

infinitely small keI
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