Chapter 7:
The Standard Model
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Einstein and Maxwell

Photon is a particle of light



Modern Physics
Since Einstein

@ discovery of many new particles

@ discovery of substructure of proton and
others

@ detailed understanding of three forces

— Quantum ElectroDynamics (QED)
— Weak Interactions
— Strong Interactions
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Feynman Diagrams







Absorbtion
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Scattering
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Scattering
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Scattering

antimatter!



Pair Creation
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Weak Interactions
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Radioactivity Heats Earth

16.2 million antineutrinos/square centimetre/second

streaming out from Earth
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Fermi's Theory

QED: Weak:



Glashow, Salam,
Weinberg




Weak Interactions

vy Exchange Z Exchange

W Exchange Z Exchange




Weak Charged
Interactions

Violates Parity!






Pions and Muons

Who ordered
THAT!?1?



Too Many Particles




Too Many Particles
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Inside the Proton
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Charged Pion Decay

spin O

Prob. amplitude proportional to electron mass



Charged Pion Decay

Probability: o m? o m,



Charged Pion Decay

Probability: o m? o m,
Experimentally ratio is 10*



Color Fields
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uark Bound States

Baryons qqq and Antibaryons qqq Mesons qq
Baryons are fermionic hadrons. Mesons are bosonic hadrons.
There are about 120 types of baryons. There are about 140 types of mesons.
Quark  Electric  Mass : Quark  Electric  Mass -
Symbol Name  ~ ..t ¢h arge  GeV/c2 Spin SVIECHY GAEITG g DR e charge GeV/c? SEE

proton

anti-
proton

neutron

lambda

omega




The Standard Model
of Particle Physics

@ All known forces except gravity
- QED
— Weak Interactions
— Strong Interactions
@ gauge theory of quarks and leptons
1 photon, 3 weak gauge bosons, 8 gluons

QU Tk 7T el



The Standard Model
of Particle Physics

Mass (GeV/c?)
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The Standard Model
of Particle Physics

@ All known forces except gravity
- QED
— Weak Interactions
— Strong Interactions
@ gauge theory of quarks and leptons
1 photon, 3 weak gauge bosons, 8 gluons

QU Tk 7T el



The Standard Model

@ consistent with all precision data
@ fine-tuned to 1 part in 103°

@ must be wrong
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¢ measurements, error bars
increased by factor 10
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