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Free tickets to attend the event in person will be available on Monday, April 22 at 9:00 AM EDT.
Tickets for this event are 100% free. As always, our public lectures are live-streamed in real-time on our YouTube channel - available
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From Hydrogen to

Higgs Bosons

Particle Physics at the
Large Hadron Collider at CERN

Dr Clara Nellist

@ParticleClara {she/her)

Perimeter Institute Public Lecture
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Studying nature’s building blocks
and the forces that govern them

Accelerators

LHC
Cosmic
Microwave
Light Background
Quarks nuclei form
and

electrons

Protons and
neutrons form

N SR
0.0000000001s
0.000 1s

380,000 years

Image: CERN
©QEHOO
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The
Standard
Model
(2000s)
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The
Standard
Model
(2000s)
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What’s missing?
The Higgs boson

Dark matter

Dark energy

Gravity!
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VECTOR BOSONS
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The Big Questions e

Dark energy

68030/0
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The search for the Higgs boson

Aim: to understand
the origin of the

mass of elementary
This costs too much
particles_ energy! | think I'
@ O

hang out down there

/A mIWOO

“vacuum expectation value”
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The search for the Higgs boson i, i mign s eees”
gravitational echos that with bigger

and better graviational waves
detectors, maybe we can ‘see’ this

Aim: to understand
the origin of the

mass of elementary
This costs too much
pal’tideS. energy! | think I'll
C O

hang out down there.

“vacuum expectation value”

O/ QA mIWMOO
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The Higgs boson

Image: Jorge Cham / PhD Comics

Light particle Heavy particle The Higgs boson

/A mIWOO
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The Higgs boson

When we produce a Higgs boson in the LHC collisions, it is

@ unstable and quickly changes into other particles
Production rate of Higgs bosons: Which particles the Higgs will change into:
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The search for new
particles (dark matter?)

/A mIWOO
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Copyright: STFC/Ben Gilliland

Visible matter

Dark energy

68030/ @
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Visible matter

The search for new
particles (dark matter?)

Dark energy

68.3%

3 Copyright: STFC/Ben Gilliland
@/ QEWOO - i
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llustration by Sandbox Studio, Chicago with Ana Kova for Symmetry magazine
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Dark Matter

Supersymmetry?

O/ QA mIWOO
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Matter-Antimatter asymmetry?
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The Strength of Gravity?

O/ QA mWOO

Pirsa: 24050023

Page 19/91

14



The Strength of Gravity?

* |s there a graviton?

» Are there extra dimensions that
gravity is leaking into?

« What is the strength of gravity for
antimatter?

L
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LHC

[ Large Hadron Collider ]
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The CERN accelerator complex
Complexe des accélérateurs du CERN

LHC
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LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE - Radioactive
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HiRadMat - High-Radiation to Materials
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From hydrogen bottle to the LHC
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Hydrogen Bottle
Bouteille d’'hydrogene
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Duoplasmatron
Proton Source
Source de protons
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PS
Proton Synchrotron
Synchrotron a protons
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LHC
Large Hadron Collider
Grand collisionneur de hadrons
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CMS

Compact Muon Solenoid

ALICE

[ A Large lon Collider Experiment |

ATLAS LHCb

| A Toroidal LHC Apparatu$ | | Large Hadron Collider beauty |

U
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Colliding
protons

ATLAS Onling, 13 TeV J“Ldt=148.5 fo
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We wanted to explore a high range
of masses: from 50 GeV to 1 TeV
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