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Introduction : The standard model

* What is the origin of the universe?
* What are we made of?
* What is the universe made of?

* Etc ...

The standard model
theory
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— Physics experiments and discoveries

Mendeleev table — electrons — neutrinos —quarks, Etfc...

Matter and forces Building blocks

ree generations of matter
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Ordinary matter Force messengers
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The Origin of mass : The Higgs Boson

Newton: Weight proportional to Mass

Einstein: Energy-related to Mass

But what is the origin of mass? — Higgs Boson

The Higgs field = Snow Field (Same as sand field)

Higgs Boson = Snowflake

Electrons, muons ...
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Photons y
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The Large Hadron Collider



Large Hadron Collider At CERN

- 100 m underground, tunnel of ~27 km of circumference.

- Proton Proton collisions every 25 ns at energy 13 TeV.

- ATLAS, CMS, ALICE, and LHCb, but not only ...

- Data taking period: Run 1, Run 2 concluded, Run 3 started.




ATLAS and CMS experiments : The Giant cameras

x2 ATLAS weight
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Main goal:
The origin of mass
Nature of Dark Matter




CMS experiment and particles detection

Légende: Muon
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The Higgs Discovery

Nobel Prize in 2013

Frangois Englert && Peter Higgs

19.7 fb™' (8 TeV) + 5.1 fb™' (7 TeV)
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2207.00043

Higgs boson production modes
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https://arxiv.org/abs/2207.00043

Most recent Higgs Results from CMS

. 2207.00043
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Excellent agreement with the Standard model!
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https://arxiv.org/abs/2207.00043

Most recent Higgs Results from ATLAS

s41586-022-04893-w

Production modes Decay modes
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https://www.nature.com/articles/s41586-022-04893-w

The SM Limitations && BSM proposals



Hierarchy Problem

4 fundamental forces, their strength varies significantly

Gravity is 10°® weaker than the strong force
Quantum corrections at the Planck scale -> Higgs mass is much lighter than expected.
New physics i.e. particles cancel out quantum corrections.

Solution: Super Symmetry (SUSY).
Standard Model particles Supersymmetric partners
YOV Y @
VOV WS
QP00 O W
Q000 ®WE

« quarks w squarks
@ leptons O sleptons & sneutrinos

© force particles O neutralinos X° & charginos §*

o

It is like a lemon tea after eating
It makes you feel lighter!
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Supersymmetry (SUSY)

Quantum corrections at the Planck scale -> Higgs mass is much lighter than expected.

New physics i.e. particles cancel out quantum corrections.

FERMION

7\.2 | A A =0
BOSON

the spin differs by one-half SM vs SUSY

1703.09776
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https://arxiv.org/abs/1703.09776

Dark Matter

Galactic Rotation curve

Problem

Hwm. Well, that's
prefty weird.

Radius (kpc)

The outer regions of galaxies are rotating at much
higher speeds than expected

Caltech.edu

Conclusion

Universe content

visible matter 5%

dark matter 27%

dark energy 68%
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https://ned.ipac.caltech.edu/level5/Sept17/Freese/Freese2.html

Neutrinos mass origin

Three Generations
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Extension of SM by RH neutrinos
i.e. Heavy Neutral Leptons (HNLs)
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Heavy Neutral Leptons (HNLs)

4+ Three right-handed neutrinos as a minimal extension to the SM.

4+ Mass and coupling to the SM neutrinos (my, V. ie. £ =e,u,7) are free parameters
4+ Can have Dirac(Majorana) nature process with LNC(LNC +LNV) respectively.
4+ Inclusive coupling to the three lepton generation i.e. LFC and LFV.

4+ Can be short or longlived:

1
[y < Gemy Z | Vv | and the proper lifetime 7 o« —

I'y

e,U,T

For fixed mass: The weaker
the coupling the longer
the lifetime is.

\ J/

<

Manifestation at the detector Level
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The LHC BSM Searches



Supersymmetry: EWK results
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http://cds.cern.ch/record/2870114

Supersymmetry: EWK results

Combined EWK SUSY CMS analyses. CMS-PAS-5U5-21-008 | ,fﬂ
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https://cds.cern.ch/record/2853345

HNL search in ATLAS

Dirac or Majorana HNLs Analyzed process Different couplings scenarios
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HNL search in CMS
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LHC Run 3 and HL-LHC



LHC status and HL-LHC plan

Current status

LHC HL-LHC
{T ’ ‘ Run 2 | ‘ Run 3 ’ Run4-5...
O = e Ls2 136Tev AR 13.6 - 14 TeV
Diodes Consolidation
splice consolidation limit LIU Installation 4 -
TeV ﬂ button collimators ?nrtyeor;r(r:‘tlion inner triplet ' HL LH(.:
R2E project regnons Civil Eng. P1-P5 pilot beam radlatlon limit installation
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2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 # 2022 é 2024 2025 2026 2027 m 2029 I“IIII“
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ATLAS -C el
experiment upgrade phase 1 ATLAS - CMS /
beam pipes nominal Lumi 2 x nominal Lu_ni{ ALICE - LHCb | 2 x nominal Lumi | FiL. upgrade

nominal Lumi | I/—— Urorade
m integrated JEASUUALY
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High Luminosity: Increase in the collision rate.
Several ongoing upgrades work from the
accelerator to the detectors level
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13.6 TeV pp collision
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Started in 2022 with 42 fb~! data collected for CMS

In total and ~66 fb~! for

and ATLAS

Aim to reach 450 fb~! by end of 2025

Summer 2022 - The start of run 3
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Summary
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Supersymmetry Results
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