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The Relativistic Quantum World
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1: Elementary Particles

“All things come in three”




Pie de Bokkum
Ensinck de Kletskop
Flup de Koojstart

Operetta by Jacques Pirson, executed by Fons Olterdissen (1928)

1: Elementary Particles
"All things come in three”
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Building blocks of Matter
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Stable Matter on Earth
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2: Antimatter and Big Bang

The genius of Paul Dirac
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2: Antimatter and Big Bang

The genius of Paul Dirac
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Biography from Graham Farmelo:“The Strangest Man”
(The hidden life of Paul Dirac, quantum genius)
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Paul Dirac and antimatter

e 1928:
= Dirac’s relativistic quantum theory

= Prediction: for each matter particle there
exists an identical antimatter particle!

e 1932:
= Anderson discovers the anti-electron
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... a world of antimatter?
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Alpha experiment: successor of Athena
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e News on 27 Sept 2023: See: CERN news

= Several thousands of antimatter hydrogen atoms were dropped in the
gravitational field

= Antimatter falls “*down” to earth in the same way as matter does
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https://home.cern/news/press-release/physics/alpha-experiment-cern-observes-influence-gravity-antimatter

Albert Einstein: Energy = matter + antimatter
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Creation:
Energy = matter + antimatter :

Annihilation:
matter + antimatter - energy :
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Albert Einstein: Energy = matter + antimatter

Creation:

Energy = matter + antimatter :

Annihilation: "It is my understanding that the gentleman ordered
matter + antimatter > energy : both the pasta and the antipasta.”
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Are there antimatter galaxies?
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Early Universe: where did the antimatter go?

ANTIMATTER’'S
GONE MISSING...

ABoUT 15
BILLIoN YEARS =

33


http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=paDRBZrrbxqAVM&tbnid=t2Kn9cHZwnwSMM:&ved=0CAUQjRw&url=http://www.atlas.ch/angels-demons/3.html&ei=Ep0zUZSWII6U0QWgy4CIAg&bvm=bv.43148975,d.d2k&psig=AFQjCNFp7XjaMzQ6FvkJGO10OfBsgj4knQ&ust=1362423293219238

Early Universe: where did the antimatter go?
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. How did we get a small asymmetry in the Big Baﬁg? 5
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3: Forces: "Standard Model”

Fermionen: spin="z deeltjes
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Forces in Quantum Mechanics: exchange of quanta

“Repulsive force”

There is no
“action at a distance”

“Atractive force”




Four fundamental forces of nature
Strong nuclear force:

Quantum
Graviton exchange? .
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Acts on quarks

Quantum
gluon exchange:

Acts on particles with mass

Electromagnetism: Weak nuclear force:
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BT
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Standard Model: Particles and Forces

Fermionen: spin=" deeltjes
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Standard Model: Theory
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How did antimatter disappear in the Big bang?
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