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Introduction

» Rest mass energy
» E=mc?
» For a proton (m = 1.67*10-%7 kg) this is 1.5*101° J

» 3.6*10% protons would charge your phone for about a
month




How Does Energy Condense into Matter?

» How do you get the formation of particles like protons and
electrons?




Short Range vs. Long Range Forces

| Nuclear Force|
1. Strong 2. Weak
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Symmetry




NG Massless Boson




Gauge vector field
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» Chosen for local symmetry




Boson coupling produces longitudinal
propagation

» Massless particles cannot have longitudinal propagation
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These can couple to massive bosons
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