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Overview

. “When theorists are more confused, it’s time for more, not less, experiments”
Nima Arkani-Hamed
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Overview

Overview of the talk

1. CERN & LHC foundations
2. ATLAS Experiment

3. Physics at Colliders

4. Higgs Boson

5. Outlook and Conclusions
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CERN & LHC

Large Hadron Collider (2008-pres.)

Highest energy ever reached
1n pp colisions:

=13 TeV =13 x 10"
probing A ~ 1071

proton radius: 7, ~ 1071°

Hydrogen binding energy
~ 13.6 eV
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ATLAS Dimensions

Toroid magnets

Pixel detecto

Tile calorimeters
- LAr hadronic end-cap and
forward calorimeters

LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiatfion tracker
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Detector sub-parts:
" Tracker:

Charged particles
= EM Calorimeters:

_I_
Y, €
= Hadronic Calorimeter
"™ Muon Spectrometer



ATLAS Dimensions

The New Small Wheel

I
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LHC Physics

/ “What we observe is not nature itself, but nature exposed to our method of questioning.”
Werner Heisenberg
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Basic concepts
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Protons are composite objects — quarks and gluons (partons)
Probability to pick a parton — parton distribution functions (PDF)
Probability of a given “process” — Feynman diagrams

Predictions in terms of cross-sections o(pp — X)[cm?]
cross-section — probability
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Basic concepts

What’s next?

0 o
) 4‘. C O
Once particles are produced: 7,

— produced partons must hadronize: P
Confinement o
. . o “M;féf« 000 o ».;;.
— “stable” particles will cross the Detectors . R | =
— In the end we observe Reconstructed objects ot ez, LD
Collision Detector . A . 4 8
. o \ ; loe /, @ »o:
pp — Truth Particles — Reco Objects e T et
£ e e
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Basic concepts

Jets

[t produces a bunch of hadrons called jet o

Jet initiated from different partons =
have different characteristics! =5 S5

— Algorithm for jet identification are fundamental

What about the & quark?
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Basic concepts

Standard Model Production Cross Section Measurements Status: July 2018
_Q | A Q total (2x)
O 10! Foo e ATLAS Preliminary
md Theory
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Basic concepts

ATLAS

EXPERIMENT

Candidate Event:
pp—-H(—=bb) + W(-1v)
Run: 338/12 eEvent: 335908183
2017-10-19 23:31:18 CEST

Event Display
Higgs produced with
aVector Boson (W)




A PHENOMENOLOGICAL PROFILE OF THE HIGGS BOSON

*
John Ellis, Mary K. Gaillard ) and D.,V. Nanopoulos +)
CERN -~ Geneva

We should perhaps finish with an apology and a caution. We

apologize to experimentalists for having no idea what is the mass of the

4

Higgs boson, unlike the case with charm and for not being sure of

its couplings to other particles, except that they are probably all very
small, For these reasons we do not want to encourage big experimental
searches for the Higgs boson, but we do feel that people performing expe-

riments vulnerable to the Higgs boson should know how it may turn up.

Higgs Boson

“Scientific theories cannot be deduced by purely mathematical reasoning.”
Steven Weinberg
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Higgs Physics

Higgs mechanism of Spontancous Symmetry Breaking solves:

— Mass to gauge vector bosons ey,
— Mass to fermions j/ ) ‘F F

— Standard Model Couplings

Introducing: Scalar Massive Particle

-
A5

A Model of einberg (1967)

Santi Lorenzo .............................


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.19.1264

Higgs Physics

No Loose Theorem of LHC:

“Either you observe the Higgs Boson or new phyisics 1s required at the 7TeV scale”

o

V\s=7TeV,L=5.1fb" y\s=8TeV,L=5.3fb"
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Production \/s = 13 TeV

g a__ > q
H
- H
I q___ « q
gluon-gluon Fusion (ggF)  Vector Boson Fusion (VBF) Higgs-strahlung (VH)
*1b = 10~ % cm? o = probability of production
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Decaying m; = 125 GeV

.9 1 :_l-l I | B | B | B E R I T III B | BEEE BEB B R l— §
© = 1 1g
- pw : iEN 1. Branching f
)
N - 13 Ratio (BR)
010-1 R gg ] _ T
C 17— bb S7%
0 Fowr ; = H
- “ WW 22% ______
B oo I
E I | 0,
SN . oo 8.3%
: ' : T 6,3% _
E [1 i
s g l | CcC 3% J
B i
-3: /7 3%
10 F Zy ' =
: : | 27 SBR = prob. of d
: B . : 7y 0.2% = prob. of decay
i
10 L1 11 | L1 11 | | I | L1 11 | L1 1 l- L1 11 | L1 11 | L1 11 | L1 11 | L1 11 M“ 0902% *Observed
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M, [GeV]

SantiLorenZO ............................. Seminars ...................................................



H — bb

Despite BR(H — bb) ~ 57 % it’s difficult to measure it in ggF and VBF
too much background

Best channel 1s VH: First observation 1n 2018 of VH production and H(bb)

Why?
W,Z decay to leptons: q
OL: Z — vy, (High Missing Energy, £)
1L: W — Iy, (1 Prompt lepton + E)
2L: Z — [T~ (2 Prompt lepton at Z mass)

q

much more clear signature of the event
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https://reader.elsevier.com/reader/sd/pii/S0370269318307056?token=B4B093BCC45E9C4A78E7A3E4A350B7DA88261796FA1FC2E1C41C5967F2E0E19C96C4A7F4793AFC3AC99F87343212F802&originRegion=eu-west-1&originCreation=20220212143115

b-tagging

VH(bb) signature: 2 b-quarks — 2 b-jets:
b-tagging: algorithms identity a b-jet — ¢,
Exployting b-quark will hadronize in a B-hadron (e.g. B") that have a long lifetime

b-jet
— c1, ~ 0.45 mm

Machine Learning techniques for identification (DL1r)

— tertiary
vertex

Delicate calibrations of €, on data (data-MC scale factors)

a8 secondary
vertex

Calibrations on orthogonal (pure) samples as #f

® — primary vertex
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b-tagging

1.4 I I I I | I I I I | I I I I | I I I I | I I I I | I
ATLEAS Internagl —— LA |

O 1 3 e ettt et .................... Stat + SySt unc.
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Calibration of algorithms to correct §
the MC given trusted data

data;.MC
/sb
[ T T

-----------------------------------------------------------------------------------------------------------------------------------------------------

— SF,

IIII|IIII'IIII|IIII|IIII|IIII

-----------------------------------------------------------------------------------------------------------------------------------------------------

Multiple calibrations: combination Bt
0.7———

0 100 200 300 400 500

probe-jet p_ [GeV]
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VH(bb) Results

Observation:

Expected (Observed): 6.7¢ (6.70)

N
o

\s=13TeV, 139 fb™
0+1+2 leptons

o8
o)

2+3 jets, 2 b-tags

LW
o

IIII|IIII|IIII|IIIIIIII|IIII|IIII|IIII|I

Dijet mass analysis
Weighted by Higgs S/B

t
T

?

N N
o O

N

—o— Data
B VH, H — bb (u=1.17)

N

Diboson
B-only uncertainty

© 01 O O

%

\\\\\\\\\\\
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4
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Events / 10 GeV (Weighted, B-subtracted)
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40 60 80 100 120 140 160 180 200

Results 1n terms of y = o - BR
signal strength oqy - BRqy
IIIIIIIIIIIIIIIIIIIIIIIIIIII_IIIIIIIIIIIIIIIIIIIII
ATLAS Internal VH, H—=bb Vs=13 TeV, 139 fb™
— Total Stat.
Tot. ( Stat., Syst.)
WH F-o— 0.95 "2 (%018 ‘018 )
) 0.25 0.17 +0.18
ZH o=+ 1.08 to_zs (fo.17 , to.15 )
Comb. 0.18 0.12 +0.14
o 1.02 to.17 (fon ,fo13 )




Outlook

/ “I am quite surprised that it happened during my lifetime.
It is nice to be right about something sometimes.”
Peter Higgs

SantiLorenZO ............................. Seminars ...............................................@....



LHC HL-LHC

()utllook

Run 1

LS1 13- 14 Tev B1ED 14 TeV

13 TeV energy
Diodes Consolidation
splice consolidation cryolimit LIU Installation _ _ HL-LHC
7 TeV 8 TeV button collimators interaction o inner triplet i )
—— R2E project regions Civil Eng. P1-P5 radiation limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 IIIIIIM

ATLAS - CMS 51to 7.5 x nominal LumiJI

experiment upgrade phase 1 ATLAS - CMS I/
beam pipes HL upgrade

nominal Lumi 2 x nominal Lule ALICE - LHCb : 2 x nominal Lumi

75% nominal Lumi I I/'_ upgrade
I/m m integrated JEANUVRIE
luminosity JENIR{

E sy
Emi % r:H_= 125(.%09, Gle.V,-lyH| <25,p = 19% W.-Z? §

. . |

Now the goal is to give the best measurement of e 1 7
the VH production cross-section using upgraded ok, .
algorithms and combining the analysis of ol T
H — bb (observed) and H — c¢¢ (not-observed) o :
Y S S S
S0 '

10™ 1 10 10°

. . Particle mass [GeV] @
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Outlook

LHC HL-LHC

LS1 13- 14 Tev B1ED 14 TeV

13 TeV e — - °cnergy

Diodes Consolidation

splice consolidation cryolimit LIU Installation HL-LHC
7 TeV 8 TeV button collimators interaction inner triplet
L1V R2E project reglons Civil Eng. P1-P5 radlatlon limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 IIIIIIM

5 to 7.5 x nominal Lumi,
1

ATLAS - CMS
experiment upgrade phase 1 ATLAS - CMS I/
SI2E Bl nominal Lumi 2 x nominal Lule ALICE - LHCb : 2 x nominal Lumi : R RYISES

75% nominal Lumi I |/_ upgrade
I/m m integrated JEANUVRIE
luminosity JENIR{

E>l: ’ :I4TLAS IID}eIIIiIrHinarly | _ o o “
Main Evidence/Observation purpose ot Run-3 I
& oot SM Higgs boson -
and beyond: | .
107 "T‘b

— Higgs coupling to 2nd generation:

|'H|'l'|l'l|l__||||| |\|||||||| ||||||||| IIIIIIII| IIIIIIII| T
Il..ll..l.l.l.||||| ||||||||| ||||||||| ||||||||| ||1|||||+\

fl “g
— —_— ’ m,(m,) used for quarks
H — cc H—= utu . o R
¥ 1.4
BLL 1.2
“ 1 -. ................................................ s ......
{1 ;
10~ 1 10 10°

Particle mass [GeV]
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()utllook

LHC

Run 1

7 TeV 8 TeV

LS1

13 TeV

splice consolidation cryolimit
button collimators interaction
R2E project regions

13- 14 Tev AN 14 TeV

Diodes Consolidation
LIU Installation

Civil Eng. P1-P5

energy

inner triplet ) HL-LH(_:
radiation limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 IIIIIIM
5 to 7.5 x nominal Lumi,
1

75% nominal Lumi

" erm

experiment
beam pipes . :
nominal Lumi 2 x nominal LumhI

—

ATLAS - CMS
upgrade phase 1

ALICE - LHCDb
upgrade

Main Evidence/Observation purpose of Run-3

and beyond:

— Higgs coupling to 2nd generation:

H — cc

H— putu~

— Higgs self-coupling:
pp — HH (maybe another time &)

Sant1 LLorenzo

Seminars

ATLAS - CMS —

HL upgrade

. 2 x nominal Lumi

integrated EAULA{+H
luminosity EELIE] %
f w‘
g 2009000999999 > ®---------- H
A
g < ®---------- H
g 0990990000000 ~ H
/ o)\
A 8- o
H ~
g 9999099999999 - H



LHC HL-LHC

()utllook

LS1 13- 14 Tev B1ED 14 TeV

13 TeV energy
Diodes Consolidation
splice consolidation cryolimit LIU Installation HL-LHC
7 TeV 8 TeV button collimators interaction ner triplet
R2E project ego s Civil Eng. P1-P5 ad ation limit installation

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 IIIIIIM

5to 7.5 x nominal Lumi
ATLAS - CMS —
experiment upgrade phase 1 ATLAS - CMS I/
beam pipes : : : : HL upgrade
nominal Lumi 2 x nominal LumhI ALICE - LHCb : 2 x nominal Lumi

75% nominal Lumi I I/'_ upgrade 1
I/m m integrated JEANUVRIE
luminosity JENIR{

Main Evidence/Observation purpose of Run-3
and beyond:

¥
"~
-

— Higgs coupling to 2nd generation: = ‘ « 7
H — cc H — ,l/t+//t_

CHALLENGE ACCEPTED

— Higgs self-coupling:
pp — HH (maybe another time (&)
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LHC

HL-LHC

Outllook

{0
LS1 EYETS
13 TeV
splice consolidation cryolimit
7 TeV 8 TeV button collimators interaction

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 IIIIII

experiment
beam pipes
nominal Lumi

2 x nominal Lum|4

75% nominal Lumi

— | -

0 1s2 IS cversEE0 0 Lss

Diodes Consolidation

LIU Installation

Civil Eng. P1-P5

ATLAS - CMS
upgrade phase 1

ALICE - LHCDb
upgrade

. 2 x nominal Lumi

14 TeV

energy

HL-LHC

inner triplet . )
installation

radiation limit

5 to 7.5 x nominal Lumi,
1

—

ATLAS - CMS
HL upgrade

integrated EAULA{+H
luminosity JENTIR] o3

Thanks for the attention!
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