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Topics In Particle Physics

• Cosmic Messengers!
– Dirac, Anderson and the Positron ! 

• antimatter

• Fundamental forces in nature
• How elementary particles are produced: Accelerators
• Classification of Particle and How we know this

– Conservation laws

• Colored Quarks and Quantum Chromodynamics!
• Electroweak theory and Standard model
• The Higgs Particle and Large Hadron Collider
• Beyond the Standard model : Supersymmetry & Strings
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Fundamental Particle Physics 
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Size of Things 
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Probing The Cosmic Onion: Experimentally
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Power of Microscope
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Cosmic Messengers

Discovery of 
new subatomic
particles: Muon
and positron !

High energy
particles bombard
the earth at large 
rate 
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Relativity, Dirac and Anti-matter

2 2 2 2 2 2 2( ) ( ) ( ) ( )
What does the negative energy solution imply ??!
E pc mc E pc mc= + ⇒ = ± +

• Dirac postulated that all negative energy states were filled 
with electrons. They exert no net force on any thing and 
thus are unobservable

• Used Pauli Excl. principle to claim that only “holes” in this 
infinite sea of negative energy states observable

• Holes would act as positive charge with positive energy
– Anderson’s discovery of positron !
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Discovery of Positron From Cosmic Rays
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Pair Production: Photoelectric effect with a negative energy electron !

Photon collides with the negative energy
Electron and excites it to positive energy state,
leaving a “hole” that appears as positron
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Pair Production Photographed in B field: Note Curvature
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All particles have an anti-matter partner !
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Look Ma : Antimatter !
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Forces of Nature 
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Quanta of Interaction 
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Force Field 
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The Four Fundamental Forces 
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Forces in Nature
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