
Chapter 8: 
Experiment
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Precision Measurements
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LEP: Tides



LEP: Moon



LEP: Rain



LEP: Trains



Rutherford



Low Energy
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low energy photon cannot
 resolve proton structure
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TASSO detector at PETRA
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SM Weak Interactions
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consistent with all 

precision data

fine-tuned to 1 part in 1030

must be incomplete



Phenomenology

proton-proton collisions produce 
mainly lots of hadrons



Garden Variety Hadrons
particle mass main decay lifetime
⇧0 135 MeV ⇤ � � 8⇥ 10�17 s
⇧± 140 MeV ⇤ µ ⌅µ 3⇥ 10�8 s
K± 494 MeV ⇤ µ ⌅µ 10�8 s
⇥ 548 MeV ⇤ � � 5⇥ 10�19 s
⌃0 775 MeV ⇤ ⇧ ⇧ 4⇥ 10�24 s
p 938 MeV � > 1038 s
n 940 MeV ⇤ p e�⌅̄e 886 s
B0 5, 280 MeV ⇤ K± + hadrons 2⇥ 10�12 s



Cross Sections

# events/s = cross section x luminosity

�N

�t
= �L

� traditionally measured in barns

1 b = 10�28 m2 = 100 fm2

 typical nuclear cross section



Cross Sections

�QCD � (1 fm)2 = 107 nb

�weak �
1

M2
W

=
1

(80 GeV)2
= 60nb

⇥higgs �
1

(16�2mtop)2
= 10�3 nb
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Travel Distances

particle mass distance
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K± 494 MeV 60m
⇥± 140 MeV 640m
n 940 MeV 3� 1012 m
p 938 MeV > 1047 m

E = � m = 10GeV
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Photon Energy Loss
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Pair Production
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Electron Bremsstrahlung
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EM Shower
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EM Shower
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energy degrades as more 
particles are produced



Muons Ionize
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takes many collision to loose energy
travel a long distance

E < 150 GeV



Hadronic Showers
hadrons are heavier than muons

but have strong nuclear interactions
more complicated showers 
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Interpreting Data
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