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Microcosmos 
I.    Quantum world 
II.   CERN: past & present 
III.  Particle physics matters! 
IV.  Astroparticle physics 

Elementary Particle Physics 



cosmic rays 
photons  

neutrino’s 
gravitational waves 

dark matter 

Messengers from outer space! 
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Origin of cosmic rays? 

light 

proton 

neutrino 

light 
proton 
neutrino 
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AUGER cosmic ray observatory 



AUGER cosmic ray observatory 

Challenges: 
  

-  huge area 
-  wireless 
-  solar power 
-  ≤ns timing 
-  noise 
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AUGER cosmic ray observatory 
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AUGER cosmic ray observatory 
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Radiocarbon dating 
Co

sm
ic

 R
ay

s 

pCNn 1
1

14
6

14
7

1
0 +→+

cosmic ray 

ν++→ eNC 14
7

14
6



Thunderstorms & lightning 
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T ≈ 2.725 K 
   ≈ -270.5 oC  
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Cosmic 
Microwave 
Background    

“picture” from a few 100,000 years “old” Universe! 

J 
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“dreaming” of a few seconds “old” Universe! 
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Cosmic 
Neutrino 
Background    

L 



          are 

  ν’s 
rare?     

41H→4He+2νe+energy 
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Neutrinos zip through quickly 



Neutrino oscillaties 
On Earth: 
      1400 W/m2 

  ⇒ ν-flux known! 
  ⇒ 65 billion/(s cm2) 

41H→4He+2νe+energy J 
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To few neutrino’s 
observed ??????? 

41H→4He+2νe+energy L 



Neutrino “oscillations” 



        Neutrino’s 
oscillate J 



supernova SN1987A neutrino’s 



supernova SN1987A neutrino’s 



Intermezzo I 
begin 

neutrino speed 



CNGS 
CERN Neutrino’s to Gran 

Sasso 

0.0025 s = 2.5 ms = 2,500,000 ns 

speed   = distance 
time 



CERN 

p ν 



CERN 

production 
     π,K, … 

decay 
π  → µνµ 
K → µνµ 

beam 

νµ 



Time profile “ν-pulse” at CERN 

~10,000 ns 

~10,000 ns 

protons 
 → π, K, … 
 → ν 

protons 
 → π, K, … 
 → ν 



LNGS: Laboratori Nazionali del Gran Sasso 



OPERA detector 

ν-beam 

ν 
ν 

ν 
ν 

ν 
ν 
ν 
ν 



The OPERA event 

~16,000 ν-interactions 

 ~100,000,000,000,000,000,000 νàGran Sasso 

100,000,000,000,000,000,000 “POT” 

protons 
on target 



The OPERA event 



The measurement 

CERN-OPERA distance: 731278.0±0.2 meter 
CERN-OPERA timing accuracy: ±0.00000001 s = ±10 ns 
                                                                       stat: 6.9 ns & sys: 7.4 ns  



The result compare 
measured 

& 
predicted 
spectra 

shift 

corrections 

ν 60±10 ns 
faster than 

light! 



Follow-up measurements 
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Implication: cause ↔ consequence 



Intermezzo I 
end 

neutrino speed 



Intermezzo II 
begin 

three families 



e+e- → quark antiquark 
  

production rate 

LEP 

2 families 
3 families 
4 families 

data 

Ecenter-of-mass (GeV) 
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Z γ 



hydrogen/helium ratio 

hot Universe 
  

p+e- ↔ n + νe   

balance 

neutrons 

protons 

10% 
4He 

90% 
1H 

neutron 
decay 

n → p + e-
 νe 

chemical 
elements 

t = 1 s t = 300 s 

2H 



Massaratio chemical elements 

10 100 1000 seconds 1 

100% 
10% 
1%  sensitive to: 

•  neutron lifetime 
•  cool-down rate 

Gamov, Alpher & Herman (1948) 

τneutron≈898 s 

3-4 ν-families 



“imprint” from a few minutes “old” Universe! 
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Intermezzo II 
end 

three families 
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waterstof helium 

Building blocks of the Universe 



O 

H 
C 

lots of water (H2O) Lots of oxides hydrogen & helium 

onbekend 

96% out there unknown! 

Building blocks of …… 





waterstof helium 

Building blocks of the Universe 



waterstof helium 

Building blocks of the Universe 



helium (He) waterstof (H) 

Building blocks of the Universe 



Building blocks of the Universe 



Building blocks of the Universe 



He H 

dark energy & dark matter 

Building blocks of the Universe 



How to discover dark matter 

time 

dark 
matter 

scattering 

time 

dark 
matter 

annihilation 

time 

dark 
matter 

creation 



  scattering 



XENON-1t dark matter detector 
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  scattering 
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  scattering 







annihilation 



ANTARES neutrino telescope 
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annihilation 



ANTARES neutrino telescope 
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annihilation 



creation 
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Microcosmos 

Thank you for your attention 
& enjoy the tours at CERN! 

Elementary Particle Physics 



Interesting books 



For high-school: HiSPARC project 



Nikhef website 


