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Overview

The particles of SM and their properties
Interaction forces between particles
Feynman diagrams

Interactions: more

Challanges ahead

Open questions



The StandardModel:

What elementary particles are there?

The beginningé
Electron: 1897, Thomson
Atoms have nuclei: 1911, Rutherford
Antiparticles: 1928, Dirac
Neutrons: 1932, Chadwick; positron, Anderson
é | ot moreophrticlesé
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Standard Model Elementaryparticles
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Antiparticles: Same mass, and spin all other properties reversed!



Standard Model Energy &momentum

7 Total relativistic energy: E? = p%c? + m4c*
7. Energy of a massless particle: E = pc
7 Rest energy: E = mc?

An interaction Is possible only if the
Initial total energy exceeds the rest
energy of the reaction products.

All Interactions conserve total
relativistic momentum!




Standard Model Conservationrules

Conserved quantities in all particle interactions:

Charge conservation
Lepton number (electron, muon, tau)
Baryon number

Flavour (EM & strong interaction)



Standard Model conservationrules

Examples:
1. Electromagnetic: e +te >y+y
2. Strong: 7A@t dA K @s)+=> (g

3. Weak: n—>pte+v



The Standard model:
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Feynmandiagrams

Visualization & mathematics
(not the paths of the particles!)

for particle
Time upwards (convention)
Particle as arrow in time-direction
Antiparticle as arrow in opposite direction

Mediators as waves, lines or spirals

EXAMPLES A

Feynman diagram for

Primitive . .
T like charge repulsion

~,  Aline which begins and ends

/ in the diagram represents a
“virtual particle". In this case
it is a virtual photon,



Feynmandiagrams
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Strong Interaction




QED Electromagnetic interactions

EM: Best known of fundamental forces!

Many Feynman diagrams of same constituents.
Energy and momentum not conserved by one vertex alone.
Possible oviolationo i vartexl because of virtual particles.
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QED Crosssections & coupling

There are infinitely many Feynman
diagrams for a particular process.

Feynmans golden rules: each vertex
contributes to the scattering
amplitudeé

The strength of the coupling in a
vertex is given by:
exa

..an infinite contribution to scattering
amplitude..?
e |

Solution: 4 hc47z'go |RY




QuantumChromodynamics

Search for patterns;

Eightfold way

Fil;lh]:i E:::: ;i‘:lgei [Eha“:ﬁnﬁ“m}
1964: Quark theory 1960 ¢ 1970 ) i 1980 1990
(Gell-Mann,Zweig): LY VYV ey Ve Ve
Up, Down, Strange I 1DT ANB WZ

Ly X, T E. Dy

The Charm quark
and J/q

Tau, Bottom and Top



J/q: First particle with ¢ quark.

Computer reconstruction of its decay.
Slac, Slide747

Finding a top quark:
Proton-antiproton collision creates

top quarks which decay to W and b.
Nature, June 2004

« but what about
& the Pauli principle?



