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Lecture Plan

Overview of the 2 lectures In the next days

A Lecture 1: Introduction to Experimental
Techniques at the LHC & Measurements
and test of the Standard Model

A Lecture 2: The Higgs boson and Searches
beyond the Standard Model, and a short
outlook to the future at the LHC




Disclaimer:

ATLAS & CMS have very
similar results

Typically one chosen

for illustration

ASearching for Dark Matter
ANew Searches

AOutlook

ASummary




Summary: Cross Sectio

Standard Model Production Cross Section Measurements Status: March 2019
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All measurements in good agreement with the Standard Model predictions!!



Physics case for new High Energy Ma

Understand the mechanism Electroweak Symmetry Breaking
- Discover physics beyond the Standard Model

Reminder: The Standard Model 1 M
- tells us how but not why g \«MA\‘M
3 flavour families? Mass spectra? Hierarchy? 19 parameters! - r
- needs fine tuning of parameters to level of 10 -30 ! 0 |
- has no connection with gravity / » —
- no unification of the forces at high energy 0 ae_A2T00
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MSSM

World Average

Most popular extensions since 2000

- Supersymmetry > ¥
- Extra space dimensions .
Many other ideas: More symmetry and gauge bosons, composite »
Higgs models, L-R symmetry, quark & lepton substructure, »
Little Higgs models, Technicolor, Hidden Valleys, 4"gener at i o
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The party 7 years ago

[FOUND ANEW PARTICLE




2012: A Milestone In Par

Observation of a Higgs Particle at the LHC, after about 40 years
of experimental searches to find it
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The mass of the Higgs particle is mpy = 125.09 +0.24 GeV
following the Run-1 ATLAS+CMS combination arXiv:1503.07589




The Theorist and Experime

' The party in 2012! Not everybody at the party
A. Pomarol ICHEP2012 eg higgslessmo d e | s é
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Congratulations!!!!




Higgs Production a
.

Not observed in run-1
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Higgs production mechanisms

ggF VBF
Run 1 Run 1 (ATLAS+CMS)

Higgs decay modes
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Run 1 Run 1 Run 1 (ATLAS+CMS) 2018




Higgs Production

Processes
- Gluon fusion
-Vector Boson Fusion
-W/Z associated prod.

- Top associated prod

- B-quark associated prod?

p — H+X) [pb]
S

%

Numbers taken from the
LHC Higgs Cross Section WG

| il
LNC HIGGS XS WG 2011

See CERN yellow reports:
YR1: Inclusive cross sections
YR2: Differential cross sections 107
YR3: Properties

YR4: Deciphering the nature of the —
Higgs sector

Higgs BR + Total Uncert

M [GeV]



2012: A Milestone In Partic

Observation of a Higgs Particle at the LHC, after
about 40 years of experimental searches to find it
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2014: Higgs Boson
well established.
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Most accessible
channels studied
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@bservation in WW,
ZZ and A Ahannels
@au tau at the limit
®b and ttH not
observed in Run-1
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H-> Zgamma
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H-> invisible

Bl Results released
| In progress




Higgs: ATLAS+CMS Co

Production process Measured significance (o) Expected significance (o)

VBF 54 4.6 The Run-1 HIggS Legacy!

WH 24 217
ZH 23 29

e - 5 arXiv:1606.02266 /
Decay channel JHEP 1608 (2016) 045

H-1r 5.5 5.0

H - bb 26 37 5153 authors!!
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Signal strength/SM: | u = 1.09%3, = 1.09°00] +00% (expt) T003 (thbed)*D 0! (thsig),



Higgs @ 13 TeV In

A Higgs partlcle is still there ! J
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A The mild deviations seen in Run-1 seem to be gone L
A Observation of HY b hin the associated production channel
A Direct observation of ttH production

A No deviations from Standard Model Higgs expectations
yet!!

The Higgs Boson is still very

d +0.10
much Standard Modetlike! | # = 117010




Higgs ttH Producti

ttH production: Combination of all Higgs decay channels
and combination with the 7/8 TeV data of Run-1
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Observation of ttH production with:
— Run-2 alone: 5.8 o significance (4.9 ¢ expected) 7+8+13 TeV data

— Run-1 and Run-2 combined: 6.3 o significance (5.1 o expected) Uiy = 1.26 -I-g-%é
Observation of ttH! __Significance = 5.9s (exp 4.2s)

Results in agreement with the Standard Model -



