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(Large Hadron Collider) :'




Known from experiment




Electro Magnetic Interaction

between electrically charged particles
by photon exchange



The Yang-Mills Field

C.N. Yang and R.L. Mills, 1954




The Yang-Mills Field

C.N. Yang and R.L. Mills, 1954




Yang - Mills gquanta
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Electro-magnetism: Yang-Mills:



Just as planets and tennis balls,
elementary particles may have ...

Spoin!

And, neutrinos only rotate Iin one direction !
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Multiplets

According to the Yang-Mills-theory
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S.L. Glashow




Weinberg's lepton model
Anti -

Gauge bosons Leptons

Leptons




The hadronic particles ..

Proton Lambda Antiproton
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Pi-plus Pi-zero



The Yang-Mills Colour Field




Flavor changing neutral currents




The Charm proposal
(Glashow, lliopoulos, Majani)
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The GIM Mechanism

U

. d S 70 ’
KL{ :t ® -

S i

U






Quark species
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The Standard Model
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The fourth force:

Gravitation




A Dbrief history of the Universe

Time "Size"

Energy/part. Temperature

Era

10* sec 10> cm
10> sec — 1= cm
107" sec 1cm
0.0001 usec 10° km
1 psec 10°° km
0.1 msec 10" km
10 sec 0.1 ly
15 min 1 ly
10000 yr  10° ly
300000 yr 107 ly
10° yr 10° ly

10° GeV  10* K
10° Gev  10® K
10° GeV  10®° K
100 GeV 10° K
1 GeV 10° K
100 MeV  10” K
300 kev 3010’ K
30 keV  300° K
2 eV 20000 K
0.35 eV 3500 K
10* eV 3 K

Planck

Grand Unification

Inflation
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Quarks + Leptons

Hadrons
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Nucleosynthesis

Radiation

Plasma

Matter
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Spontaneous symmetry breaking
(Brout, Englert, Higgs, Kibble, 1964)




Further unification
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3 generations
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4 Super Symmetry
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