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The new High Energy Frontier:
Large Hadron Collider (LHC)

• LHC has started to produce collisions on 
23.11.2009 (protons on protons)
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The new High Energy Frontier:
Large Hadron Collider (LHC)

• LHC has started to produce collisions on 
23.11.2009 (protons on protons)

• Design collision energy (seven times higher 
than present facility) 14 TeV than present facility) 14 TeV 
(Teraelectronvolt, 1 000 000 000 000 eV)

• Design collision rate: 1 000 000 000 
collisions/sec

5



The new High Energy Frontier:
Large Hadron Collider (LHC)

• In 2010:
– Until summer 2010: operation at 3.5 TeV on 3.5 

TeV 
– In 2nd part of 2010: operation at 5TeV on 5TeV– In 2nd part of 2010: operation at 5TeV on 5TeV

• In subsequent years: gradual approach towards 
design energy and intensity

• The world’s most powerful particle accelerator:
– Designed to open doors to New Physics
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The High Energy Frontier: Large Hadron Collider (LH C)
Collides protons and lead nuclei at & TeV on 7 TeV

And 10 000 000 000 collisions per Second

ÖAW / 12 November 
2009
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The world's largest Si-Tracker during 
installation:
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Victor Hess Victor Hess (1883 (1883 –– 1964)1964)
Nobelprice 1936: Discovery of Cosmic Rays (1912)Cosmic Rays (1912)
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Discoveries in Cosmic Rays

• Positron (Antiparticle of Elektron!!!): 1932
• Myon („Big Brother“ of Elektron): 1936• Myon („Big Brother“ of Elektron): 1936
• Meson (Particle of Nuclear Force): 1946



Elementary Particles ~ 1960

Matter (Fermions)
• Atomic Cloud: 

Electron
• Atomic Nucleus: 

Forces (Bosons)
• Gravitation
• Electromagnetism:

Photon• Atomic Nucleus: 
Proton, Neutron

• plus:
Myon, Neutrino

Photon
• Weak Force:

???
• Nuclear Force: 

Meson



The Role of Fundamental Forces

• Gravitation: responsible for cosmic structurs.   
Not yet quantised!

• Electromagnetic Force:responsible for all 
forces in daily life (except gravitation). forces in daily life (except gravitation). 

• Nuclear Force:responsible for multitude of 
chemical elements.

• Weak Force: responsible for sunshine.



Paul Urbans Winterschool in 
Schladming 

• 1962: Structure of the Nucleon (In German!)
• 1964: Current Algebra (H.P.)





Paul Urbans Winterschool in 
Schladming 

• 1962: Structure of the Nucleon (In German!)
• 1964: Current Algebra (H.P.)
• 1972: M. Gell-Mann: „We take 3 different 

kinds of quarks, that is 9 altogether, and call kinds of quarks, that is 9 altogether, and call 
the new variable distinguishing the sets 
„color“, for example red, white and blue.“





Around 1970 – 1980

• Proton and Neutron are 
extended particles!

• Consist of Quarks! 
These are pointlike!

• The binding forceof 
quarks is the strong 
interaction.

• Mediated by 8 Gluons! 

Quarks and Gluons are confined, they exist  
normally notas free particles!



Our present Knowledge of 
Elementary Particles

Matter (Fermions)
• Leptons (atomic cloud): 

Electron e, Neutrino �
• Baryons (atomic nucleus): 

Quarks: up u, down d

Forces (Bosons)
• Gravitation
• Electromagnetism:

Photon �
• Weak Interactions:Quarks: up u, down d

• All in threefold appearance: 
3 „Generations“

• Plus Anti-Particles!

• Weak Interactions:
Boson W and Z

• Strong Interaction: 
8 Gluons

• Particles and Anti-Particles 
are identical!



LHC Priority 1A: find the Higgs 
Particle
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Peter Higgs (born 1929 in Bristol)

Expect one Higgs-Particle in 1014 (100 Trillions) 
Collisions!!!



LHC Priority 1A: find the Higgs 
Particle

• The ‘Higgs’ particle is the ‘Missing Link’ in 
our present physics view (‘Standard Model’ of 
Particle Physics)
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LHC Priority 1A: find the Higgs 
Particle

• The ‘Higgs’ particle is the ‘Missing Link’ in 
our present physics view (‘Standard Model’ of 
Particle Physics)

• The know particles– quarks, leptons, ...–
interact with this fieldand acquire their mass
through this interaction
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LHC Priority 1A: find the Higgs 
Particle

• How can we discover it?
– if it exits, its mass is less than ~ 1000 proton 

masses� it will be produced in LHC masses� it will be produced in LHC 
collisions!
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LHC Priority 1A: find the Higgs 
Particle

• How can we discover it?
– if it exits, its mass is less than ~ 1000 proton 

masses� it will be produced in LHC masses� it will be produced in LHC 
collisions!

– detected through its characteristic decayinto 
known particles
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Priority 1B: look for new Symmetries:
Is our world more complex, ‘supersymmetric’?

• Such a world would solve several problems!
• Would double the number of particles (not so 

nice!)nice!)
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Priority 1B: look for new Symmetries:
Is our world more complex, ‘supersymmetric’?

• Present view: Matterconstituents (Fermions)
and Forces(Bosons)are separate entities!

• Supersymmetry: Each particle has a partner• Supersymmetry: Each particle has a partner
from the opposite group, not yet discovered!

• i.e: To each bosonexists a very massive 
fermion, to each fermionexists a very massive 
boson!
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Priority 1B: look for new Symmetries:
Is our world more complex, ‘supersymmetric’?

• Would provide unification of the 
fundamental forces. 

• Would solve a ‚massive‘ problem: the • Would solve a ‚massive‘ problem: the 
lightest supersymmetric particlewould be 
a good candidate for dark matter!
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The mysterious recipe of our 
Universe 
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• We assume, there was Matter and Antimatter
in symmetric amountsin the very early Universe  

• This symmetry was broken!

Mystery of Matter-Antimatter 
Asymmetry
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• The study of this symmetry breakingbetween matter 
and antimatter is a very active area of research. 

• Technically this is called: Charge (C)-Parity (P) [CP] 
violation.

Mystery of Matter-Antimatter 
Asymmetry
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CP – Violation

�

Theory developed in the early 70’s by 
Kobayashi and Maskawa

�
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