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Proton Structure Function
Rutherford Quark charge squaredΣ Spins=0

Σ Spins=1

= Σ electron‐quark cross sections

= Rutherford * Σ Spin term * Structure Function F2
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Structure Function: Scaling Violations
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Visualizing Quarks in Proton

D. Van Aseldonk, M. Erdmann,
T Kli k it h M Ni h

sea quarks valence quarks
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T. Klimkovitch, M. Nienhaus
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Quark Flavours in ProtonQuark Flavours in Proton
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quark needs quark needsquark needs
positive charge

quark needs
negative charge

cross sections imply valence quarks of proton=uud
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Nucleon Resonances
name

Mass
[M V][MeV]

Δ++ antisymmetric wave function ?

Quarks: 3 colors
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Photon‐Proton‐Interactions

T = 2.728 +/‐ 0.004 K

Photons: cosmic microwave background

γp Δ

Δ – Resonance: need Proton with

Target density: 380 Photonen pro cm3
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Ep > 5 1019 eV

Greisen–Zatsepin–Kuzmin
(GZK‐cutoff)

Eγ = 
2 π h c
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6*0.2 GeV fm
0 2 cm

=
λ 0.2 cm

= 6 10‐4 eV
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Cross Section γp Interactions
Δ Resonance we know the cross section

0.1 mb0.1 mb



Cosmic Ray Energy Spectrum

P f Δ DProton from Δ Decay
carries less energy

„GZK Neutrinos“

„GZK Photons“
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GZK HorizonGZK Horizon

Expected energy loss
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Expect sources of ultra high energy cosmic rays
i hi 00 h f hwithin a 100 Mpc sphere from earth
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Δ Decay

Δ Pion CMSPion Lab Δ kinematics

Decay AnglesDecay Momenta
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Proton (heavy) reflects the original Δ direction

0

Pion (~massless) has angle
Δ
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Heavy Particle Preserves DirectionHeavy Particle Preserves Direction
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Compact Myon Solenoid at the LHC
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CMS: Classic BaryonsCMS: Classic Baryons

Silicon tracker
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Silicon tracker



CMS: CharmCMS: Charm

Silicon tracker
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Silicon tracker



CMS: π0 –> 2 γCMS: π0  > 2 γ

Electronmagnetic calorimeter
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Electronmagnetic calorimeter



CMS: Myon Detectory
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SummarySummary

• Proton is well understood

• LHC experiments re‐discover the particle zoo

• Δ Resonance: limits observed cosmic ray energy spectrum

h i li i h did i hi• GZK horizon limits the source candidates to within 100 Mpc
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