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Fundamental InteractionsFundamental Interactions
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Total Cross SectionTotal Cross Section

active area
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Measurement: Total Cross Section
Teilchenflussdichte Targetdichte

Anzahl der Targetteilchen
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Aktive Fläche aller Targetteilchenpro Zeit
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Mean Free Path Length
Beam particles not scattered:

‘
Number of unscattered particles as function of target thickness:

u

Mean free path length
σ: Total Cross Section
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Cross Section Strong Interactions
‘
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Cross Section Strong Interactions

Cosmic Ray
experiments

100 mb
experiments
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Cross Section Electromagnetic
Interactions

0.1 mb
Resonances
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Cross Section Weak Interactions

10 fb
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Comparison of Cross Sections

[mb]

100 mbpp strong 1

[mb]

0.1 mbγp electromagnetic

1 μb 10‐3

mean
free

Total
Cross

1 nb 10‐6
pathSection

1 pb 10‐9

10 fb 10‐11νp weak 1013
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Differential Cross Section
ΔΩ Rutherford cross section

θ

F
xΔxΔ

l t ti i t ti di t i t tielectromagnetic interaction
of point sources

direct interaction
of nuclei
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Electroweak Unification

d σ
dQ2dQ2
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at small distances: cross sections become equally large
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LHC & Cosmic Ray Energies
Pierre‐Auger‐
Observatory

laboratory energy

1 100 EeV

laboratory energy

10
14 TeV

7 TeVLHCcenter of mass energy
14 TeV

size of structures

10‐18  10‐19 10‐17  10‐20  [m]
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Total Cross Section Contributions
elastic single diffractive double diffractive inelastic

γ

65%15% 10% 10%

p

65%15% 10% 10%

Colour singlet exchange

difficult to measure contribution
of individual processes
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CMS: Diffractive Scattering
pp

pp
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LHC‐F: Forward Detector
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SummarySummary

Cross section measurements and comparisons
to cross section calculations are a unique way
of obtaining microscopic information on 
structures and interactions.
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