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→ How is it propagated ?
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→ How is it propagated ?

Thanks to a boson !
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How do protons stay bound together inside 
the nucleus ?

→ they should repel each other due to the 
electromagnetic interaction

nucleus
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How do protons stay bound together inside 
the nucleus ?

Answer: the strong interaction and its 
boson, the gluon !
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We have seen (to the best of our 
knowledge) all elementary particles that 

make up atoms



Not really…



Charged leptons



→ Detected in 1936
→ ~200x heavier than electrons

→ Experimental proof of special relativity



→ Detected between 1974 and 1977
→ ~18x heaviers than muons

→ Difficult to observe because they decay very quickly 



Quarks



→ Discovered in 1964 at the same 
time as the up and down quarks
→ ~20x heavier than the down



→ Predicted in 1964
→ Existence confirmed in 1974
→ ~630x heavier than the up



→ Predicted 
in 1973
→ Existence 
confirmed in 1977
→ ~45x heavier 
than the strange



→ Existence 
confirmed in 1995
→ ~130x heavier 
than the charm
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The W+/- and Z bosons 
→ a new interaction !



The weak interaction
→ Predicted in 1933
→ Responsible for 
radioactive decay
→ Existence of the W et Z 
bosons confirmed in 1983
→ 3 massive bosons: 2 with 
an electrical charge and one 
neutral

?



Neutrinos
→ Neutral leptons



?

→ First hypothesis of their existence in 1930 to explain 
the energy spectrum of electrons emitted via 𝛽 decay
→ Supposed to be massless
→ First direct detection in 1956



→ Predicted in the 
1940s
→ Detected in 1962

→ Predicted directly 
after the discovery of 
the tau lepton
→ Detected in 2000



Neutrino oscillations
While trying to observe neutrinos 
produced by the Sun, different 
experiments detected 2 to 3 times 
less neutrinos than predicted

→ Where did the neutrinos go ?



Neutrino oscillations
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→ Still many questions to be answered regarding 
the behavior and properties of neutrinos !



The Higgs boson



→ Existence predicted in 1964
→ Theory of the Higgs mechanism explaining 
how some particles gain their mass, including the 
W and Z bosons 
→ Detected in 2012 at the LHC





Dark Matter


