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Quest: building blocks of matter 
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Very nice, dear colleague …… 

… but does it also work in theory? 



Particle collisions: cross section 



Cross section 



Particle instability: decay 



Decay 



π+→µ+νµ 

µ+→e+νeνµ 

π+ 

µ+ 

e+ 



75 years? 35 years? 5 years? 

Lifetime ↔ life expectation 



Unstable particles: lifetime 

note: 
  

As opposed to 
human beings, 
decay probability 
of an unstable 
particle does not 
depend on how  
long it lived already  
i.e. its past history! 
 
simple! 



Actual experiment: muon (µ) lifetime 

Start stopwatch: 
  

Muon enters 
the detector.  
 
Stop stopwatch: 
  

Muon decays: 
generated electron 
triggers detector.    
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Very nice, dear colleague …… 

… but does it also work in theory? 
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Particle detector: cloud chamber 
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kaon’s 
  

K+ K0 K0 K-  

sigma’s 
  

Σ+ Σ0 Σ-  
lambda 

  

Λ0 

delta’s 
  

Δ++ Δ+ Δ0 Δ-  

cascade 
  

Ξ0 Ξ-  

omega 
  

Ω-  

nucleon’s 
  

n p 

rho’s 
  

ρ+ ρ0 ρ-  



Mendeleev revisited!  

n p 
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Mendeleev revisited!  

Δ-  Δ0 Δ+ Δ++ 

Ξ*-  Ξ*0 

Σ*0 Σ*+ Σ*-  

ddd ddu duu uuu 

ssd ssu 

sdu suu sdd  

Ω-  
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s  

“quarks” 



Λ0→pπ- 

Ξ0→γγΛ0 

Ω-→π-Ξ0 



Quark model: Gell-mann (1964)  



Tau (τ) discovery: e+e- collider 

e+e- → τ+τ- τ+→e+ντνe 

mtau = 31553 ×10-28 gram 
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1. Quantization of electric charge? 



1. Quantization of electric charge? 



e 

Electron 
   

Spin ½  
Charge -1 
Lifetime ∞ 
Mass 0.511 MeV 

µ 

Muon 
  

Spin ½  
Charge -1 
Lifetime 2.2 µs 
Mass 106 MeV 

τ 

Tau 
  

Spin ½  
Charge -1 
Lifetime 290 fs 
Mass 1770 MeV 

1897 1937 1975 

2. Origin of mass? 



2. Origin of mass? 



2. Origin of mass? 



2. Origin of mass? 
LH
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Lifetime 290 fs 
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1897 1937 1975 

3. Three families? 



4. What is the matter with antimatter? 



black ↔ white 

 moving right i.o. left  

 moving left i.o. right 

 black ↔ white 
  mirror image 
    ok i.e. unchanged   

    ok i.e. unchanged 

matter:       white 

anti-matter:  black 

minute  
difference! 

4. What is the matter with antimatter? 



waterstof helium 

5. Composition of the Universe? 



Helium (He) Hydrogen (H) 

5. Composition of the Universe? 



He H 

dark energy & dark matter 

5. Composition of the Universe? 



5. Composition of the Universe? 



5. Composition of the Universe? 



5. Composition of the Universe? 
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5. Composition of the Universe? 
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Post WW-II vision: creation of CERN 



PS  ISR  SPS  SppS  LEP  LHC ⋅⋅⋅ CLIC 
1989 2009 2025? 1981 1959 1971 1976 

  500 fellows & associates 
2500 staff 
6500 users 
1340 MSFr/year 

CERN 



e- 

e- 

e- 

e- 

Particle Detection 









Artificial particle source: accelerator 



LEP 
Large Electron Positron project 

1989-2000 



LEP 
accelerator (1983-2000) 



LEP 
experiment (1980-today) 



LEP 
data (1989-2000) 
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LEP 
results (1989-today) 



LHC 
Large Hadron Collider 

2009-2030? 



Large Hadron Collider 
2009 à 2030?  



2001 



2003 



2005 



2007 



2008 



ATLAS 
detector 

2010 



bunch crossings: 40,000,000 Hz 

proton-proton interactions: 1000,000,000 Hz 
parton-parton interactions: 1000,000,000 Hz 

new physics (Higgs, …): 0.00001 Hz 

selection of 1 event in 10,000,000,000,000,000 events! 

colliding proton beams 
   

7 TeV beam energy 
 2835  bunches per beam 
  1011  protons per bunch 

LHC 



LHC beam energy & the Higgs 

 115 GeV < MHiggs < 1000 GeV 
  

MHiggs=1000 GeV=1 TeV 
→  W-energy ∼ ½ TeV 
→  q-energy ∼ 1 TeV 
→  p-energy ∼ 6 TeV 

LHC: 
7 TeV 
proton beams 



LHC beam intensity & the Higgs 

2804 
bunches/beam 

1011 

protons/bunch 

107 – 109 

interactions/second 
new physics: 

few events/day  



ATLAS events 

LHC bunch-bunch crossings: 
     40.000.000/s 

pp interactions: 
     20/bunch-bunch crossing 
     ⇒ 800.000.000 pp interactions/s 

selection: 
     100 pp interactions/s 
     ⇒ ongeveer 1 per 10 miljoen      

data volume: 
     200 MB/s 
     ⇒ 2 miljoen GB/year = 2 pB/year 



KS → π+π- 0 



µ 
µ Z→µµ 

µ µ 

real observation 
(=experiment) 
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Higgs signature in LHC experiments 
theoretical prediction (=simulation) 



Higgs
→γγ? 

γ 

γ 

real observation 
(=experiment) 



Higgs→ZZ→µµµµ? 

µ 
µ 

µ µ 

real observation 
(=experiment) 



theoretical prediction (=simulation) 







Peter Higgs 
visits ATLAS 



CLIC 
Compact LInear Collider 

≥2025? 
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