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Electron

⃗F = q ( ⃗E + ⃗v × ⃗B )
As the cathode rays carry a charge of 
negative electricity, are deflected by an 
electrostatic force as if they were negatively 
electrified, and are acted on by a magnetic 
force in just the way in which this force would 
act on a negatively electrified body moving 
along the path of these rays, I can see no 
escape from the conclusion that they are 
charges of negative electricity carried by 
particles of matter. 

Thomson 1897

He understood what cathode rays are.
Thomson did not “see” electrons.
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Atoms

ca. 1810:     Dalton

500 BC:   Democritus

https://qz.com/1205279/photo-of-an-atom-a-scientist-captured-an-incredible-photograph/

2mm Nadlinger 2018

→ classical particle: discrete and localizable



 R. Harlander, Particle Discoveries, December 2022

Observing atoms

Brown 1827



 R. Harlander, Particle Discoveries, December 2022

Observing atoms

Brown 1827
Einstein 1905



 R. Harlander, Particle Discoveries, December 2022

Observing atoms

Brown 1827
Einstein 1905

Rutherford 1909 
Geiger, Marsden
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Muon
Unusual tracks 1897

1900

Neddermeyer 
+ Anderson1937
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The evolution of the particle concept

Classical particle: discrete and localizable

But: these properties are not essential for 
observation/discovery!

• kinematics (cathode rays)
• interaction with matter (tracks)
• decay (neutral kaons)
• resonances (quarks)
• confinement (gluons)
• Feynman diagrams (Z, W, Higgs, …)
• ???
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It’s a quantum field theory.
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Thank you!


