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1. Introduction
The Standard Model of particle physics is the most 
important achievement of high energy physics to 
date. This highly elegant theory sorts elementary 
particles according to their respective charges and 
describes how they interact through fundamental 
interactions. In this context, a charge is a property 
of an elementary particle that defines the funda-
mental interaction by which it is influenced. We 
then say that the corresponding interaction particle 
‘couples’ to a certain charge. For example, gluons, 
the interaction particles of the strong interaction, 
couple to colour-charged particles. Of the four 

fundamental interactions in nature, all except grav-
ity are described by the Standard Model of particle 
physics: particles with an electric charge are influ-
enced by the electromagnetic interaction (quant um 
electrodynamics, or QED for short), particles with 
a weak charge are influenced by the weak inter-
action (quantum flavour dynamics or QFD), and 
those with a colour charge are influenced by the 
strong interaction (quantum chromodynamics or 
QCD). Contrary to the fundamental interactions, 
the Brout–Englert–Higgs (BEH) field acts in a 
special way. Because it is a scalar field, it induces 
spontaneous symmetry-breaking, which in turn 
gives mass to all particles with which it interacts 
(this is commonly called the Higgs mechanism). 
In addition, the Higgs particle (H) couples to any 
other particle which has mass (including itself).

Interactions are mediated by their respec-
tive interaction particles: photons (γ) for the 
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instance: ‘Start with a muon. Is it possible for the 
muon to transform in such a way that at the end 
of this process, among other particles, an electron 
exists?’

When discussing Feynman diagrams in the 
classroom, however, it is important to point out 
that these diagrams are only visualisations of the 
Standard Model of particle physics. The interpre-
tation of Feynman diagrams is strictly limited to 
fundamental processes and care should be taken 
to avoid any notion of misleading interpretation 
of Feynman diagrams as 2D motion diagrams. 
Once Feynman diagrams are established, an addi-
tional step can be the introduction of Feynman 
rules [6] and the coupling parameters of the 
respective interaction particles. Together with 
conservation of energy and momentum, one can 
then make full use of Feynman diagrams, which 
even allow determinations of the probabilities of 
transformation processes. For instance, this tech-
nique is used to calculate the production rates 
of Higgs bosons at the Large Hadron Collider, 
which are then compared with measurements 
from CMS and ATLAS. As mentioned above, any 
deviation between the two would open the door 
to new physics and even more exciting times in 
particle physics.

Although the Standard Model of particle 
physics is an extremely successful theory, it is 
far from being a complete description of the uni-
verse: according to today’s models, the universe 
consists only of 5% visible matter, which can be 
described by the Standard Model of particle phys-
ics. This means future generations of physicists 
will still have plenty of new physics to discover! 
Currently, the hunt is on for theories which go 
beyond the Standard Model of particle physics to 
incorporate dark matter and dark energy.

interaction particles hot coffee (can be omitted)

= − 1
4 Fµν F

µν

interactions between matter particles

+ + h.c.

mass for matter particles

+ ψiyijψjφ + h.c.

mass for antimatter particles

+ −V(φ)

mass for interaction particles Higgs self-interactions

iψDψ

Dµφ
2

Figure 10. Short version of the Lagrangian. The terms coloured in red are governed by the electromagnetic, 
weak, and strong interactions, while those that are coloured blue are governed by interactions with the Brout–
Englert–Higgs field. Most everyday phenomena, such as light, electricity, radioactivity, and sound, are described 
by the second term, ‘interactions between matter particles’.

Figure 11. Standard Model of particle physics and 
Einstein’s theory of general relativity.

Phys .  Educ .  52  (2017)  034001
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The application process for HST2024 & ITW2024  
will be open until 14 January 2024! teachers.cern 

https://teachers.cern


For your students

CERN-Solvay  
Education Programme
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Beamline 4 Schools Science Gateway

https://solvay-education-programme.web.cern.ch
http://beamlineforschools.cern
http://sciencegateway.cern
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