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What is a Particle?
Classical           Quantum Mechanics           Quantum Field Theory

E/B-Field Does NOT play nice 

with special relativity

See Particle Data Group at LBNL

https://pdg.lbl.gov/


Rutherford+Villard (1899)



What Kinds of Particles Are There?

= ?

= ?

= ?

= meson/hadron

=  electron/positron

= photon

=> heavy, 
electric+color charge

=> light, 
electric charge

=> massless,  
carries energy+momentum 

interacts electromagnetically 



What Other Kinds of Particles Are There?

MANY meson/hadron

Charged Leptons:  
electron, muon, tau

Vector Bosons: W/Z

electric+color charge 
Which are long lived?

electric charge 
only electron stable 

How far can muons travel?
W +/-1 electrica charge,  

Z and Higgs neutral  
How do we ‘see’ these?Scalar Boson: H

Don’t Forget Neutrinos!



Previous 
Experiments



Cathode Ray => Electrons

Hot Stuff => Negatively-Charged Particles (Electrons)



Cloud Chamber

https://www.youtube.com/watch?v=i15ef618DP0


Accidental Discovery of the Muon

Phys. Rev. 50 (1936) 263



Neutrino Beams



Gargamelle



General Detector



Particle Detection



UA1 and UA2



Electron:	Charged,	EM	
Photon:	Neutral,	EM
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CMS-PERF-14-001

Detecting Particles with ATLAS/CMS

Muon:	Charged,	MIP	
Jet:	Calorimeter	Object

:	Missing	Energy	
															(Transverse)	
𝐸𝑚𝑖𝑠𝑠

𝑇

https://cds.cern.ch/record/2270046?ln=en


LHCb



ALICE


