
Schlüsselexperimente der Elementarteilchenphysik:



Overview

¾ The particles of SM and their properties

¾ Interaction forces between particles

¾ Feynman diagrams

¾ Interactions: more

¾ Challanges ahead

¾ Open questions



The Standard Model:

What elementary particles are there?

The beginningé

ü Electron: 1897, Thomson

ü Atoms have nuclei: 1911, Rutherford

ü Antiparticles: 1928, Dirac

ü Neutrons: 1932, Chadwick; positron, Anderson 

ü élots of more particlesé





Elementaryparticles

Ordinary matter: Fermions

Gauge bosons: Mediators

Antiparticles: Same mass, and spin all other properties reversed!



Energy & momentum

¾ Total relativistic energy: E2 = p2c2 + m2c4

¾ Energy of a massless particle: E = pc

¾ Rest energy: E = mc2

An interaction is possible only if the 

initial total energy exceeds the rest 

energy of the reaction products.

All interactions conserve total 

relativistic momentum!



Conservationrules
Conserved quantities in all particle interactions:

¾ Charge conservation

¾ Lepton number (electron, muon, tau)

¾ Baryon number

¾ Flavour (EM & strong interaction)



conservationrules

Examples:

1. Electromagnetic:

2. Strong:

3. Weak: 



Quantum 

Electrodynamics

Quantum

Chromodynamics

Quantum 

Flavourdynamics

The Standard model:



Feynmandiagrams

¾ Visualization & mathematics

(not the paths of the particles!)

¾ Time upwards (convention)

¾ Particle as arrow in time-direction

¾ Antiparticle as arrow in opposite direction

¾ Mediators as waves, lines or spirals

¾ EXAMPLES Ą



Feynmandiagrams



Many Feynman diagrams of same constituents.

Energy and momentum not conserved by one vertex alone. 

Possible òviolationò in 1 vertex because of virtual particles.

EM: Best known of fundamental forces!



Cross sections& 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: 

..an infinite contribution to scattering

amplitude..?

Solution:



Quantum Chromodynamics

¾ Search for patterns; 

Eightfold way

¾ 1964: Quark theory

(Gell-Mann,Zweig): 

Up, Down, Strange

¾ The Charm quark

and J/Ɋ

¾ Tau, Bottom and Top



J/Ɋ: First particle with c 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?


