


The Standard Model

of Particle Physics



The Standard Modael fits on a T-shirt

(except gravity...)

An exact description of all experimental results ever made

Basic symmetries, quantum mechanics and special
relativity are enough to understand the dynamics of elementary

+‘D?‘l —V(@ particles — that are the building blocks of the Universe.

Ist line: the boson fields of the basic forces
(electromagnetic, weak, strong)

2nd Jjne: interactions involving quarks and leptons.

3rd line: mass generation of quarks and leptons through their
interaction with the Higgs-field ¢.

4th line: mass generation of bosons and the Higgs vacuum.

I would say, quite an achievement...
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TODAY

well, some questions remain...
the work hasn’t finished !
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Discovery 2012, Nobel Prize in Physics 2013
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The Nobel Prize in Physics 2013 was awarded jointly to Francois Englert and Peter W. Higgs
"for the theoretical discovery of a mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed through the discovery of the predicted
fundamental particle, by the ATLAS and CMS experiments at CERN's Large Hadron Collider”.



Particles and Cosmology
Let’s draw the Universe
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Big Bang




Constructing the Universe

> Knowing the elementary particles, their properties and interactions, i.e. the Standard Model
we now know how to construct the universe
> |t consists out of elementary particles
> |t all started with a Big Bang some 13.7 billion years ago
> We can try drawing the picture of evolution of all and everything — from the Big Bang onward

Nucleons | —
. __Form Atoms T ’L
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B -43 -35 -10 -5 9 9 oy
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S [oars s
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Energy 10"Tev 10" Tev 1TeV 150 MeV 1eV 4 meV 0,7 meV
~ o

LHC 14 TeV 2 10-14s



Particle Physics meets Cosmology

The Ouroboros "tail-devouring snake"



Particle Physics meets Cosmology
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The Ouroboros "tail-devouring snake"



A journey to continue



Unifying Theories

Magnetism

— Feynman

Faraday, Ampére, | Electro- QED

Biot, Savart,... ﬁ

Electricity " dynamics Glashow, Salam, Weinberg

long-range Maxwell troweak

g-rang theorie
Weak force Veltmann, ‘t Hooft,...
::’::::I:ie -/ Standard . Grand

short-range Fermi Model g Unification
(%]

Strong force QCD

short-range Fritzsch, Gell-Mann, Leutwyler,

...sGross, Politzer, Wilczek,

Celestial Kepler ?
mechanics A ) 4
Gravity General
long-range S BT
. f Newton relativity Einstein
Terrestrial

dynamics  Galilei

Quantum Theory of
gravity  Everything

Classical Physics Relativity & Quantum fields Strings?
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