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CERN was founded 1954: 12 European States 

      “Science for Peace” 
 

Today: 20 Member States 

Member States: Austria, Belgium, Bulgaria, the Czech Republic, Denmark, 
Finland, France, Germany, Greece, Hungary, Italy, the Netherlands, Norway, 
Poland, Portugal, Slovakia, Spain, Sweden, Switzerland and  
the United Kingdom  

Candidate for Accession: Romania 

Associate Members in Pre-Stage to Membership: Israel, Serbia 

Applicant States for Membership or Associate Membership: 
Brazil, Cyprus (awaiting ratification), Russia, Slovenia, Turkey, Ukraine  

Observers to Council: India, Japan, Russia, Turkey, United States of 
America; European Commission and UNESCO  

  ~ 2300 staff 

  ~ 1000 other paid personnel 

  > 11000 users 

  Budget (2013) ~1000 MCHF 



  Science is getting more and more global 



CERN Education Activities 

Scientists at CERN 
Academic Training Programme 

Young Researchers 
CERN School of High Energy Physics 

CERN School of  Computing 

CERN Accelerator School 

Physics Students 
Summer Students 

Programme 

CERN Teacher Schools 
International and National 

Programmes 

Latin American School 

Natal, Brazil, 2011 

Arequipa, Peru, 2013 
NEW: 
Asia-Europe-Pacific School 

of High-Energy Physics  

Fukuoka, Oct 2012 

India, 2014 

CERN School of 

Physics  

Hungary, June 2013 



CERN Teacher Programme 



When one accelerates a particle… 

It does not necesserily go much faster 

Its mass increases 

    E = m c2 

In an interaction, it can transform its 

energy into massive particles 

…one transforms energy 
into mass 
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Energy, mass and temperature 

 

1 electron Volt (eV)   = 1.8 x 10-36 kG 

     = 11.600 ºC 

1 Tera electron Volt (TeV)  = 1016 ºC 
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The Big Bang 
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Neutron 

Proton 

The Standard Model 
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http://upload.wikimedia.org/wikipedia/commons/0/00/Standard_Model_of_Elementary_Particles.svg
http://en.wikipedia.org/wiki/File:Quark_structure_proton.svg
http://en.wikipedia.org/wiki/File:Quark_structure_neutron.svg


Angels & Demons 
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Antiprotons 
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Matter-antimatter Annihilation 
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Positron Emission Tomography     

PET/CT Scanning 
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http://www.delftoutlook.tudelft.nl/info/fullimage9fb3.html?ImageID=720


Cosmic Microwave Background 
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Dark Matter 
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The LHC and the Dark Side of  the 

Universe 

Sofia'11tsv 

Dark Matter 

Gasesous Matter 

Dark Matter appears to be made of weakly 

interacting massive particles. 

Lightest super-particle has these properties !  
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Dark (invisible) matter! 

Interacts gravitationally but 

does not shine 

A new class of particles? 

“Superparticles” 

Doubling of known particles! 



Dark Matter Pie 
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The first circular accelerator 
Lawrence and Livingston’s 80 keV cyclotron (1930) 
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Ernest O. Lawrence 
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Acceleration principle 
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Different approaches: fixed target vs 

collider 

Fixed target Storage 

ring/collider 
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History/energy line vs discovery 
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Dimuon event from DELPHI 
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Synchrotron radiation 
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• Critical photon energy 
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• Charged particle beams bent in a 
magnetic field undergo centripetal 
acceleration and emit e-m radiation 

• When beams are relativistic, radiation is 
emitted in a narrow cone 

• Radiated power 
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Free space impedance 

Bending radius 
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Swiss light source 
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Swiss light source 
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Collisions at 7 TeV: A Big Step Up in 

Energy  

Sofia'11tsv 
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Software, Computing and Analysis systems are not as visible as the 

hardware but are equally  important 



CMS Performance:Tracking and Muons 

 

 

Di-muons 
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CERN’s particle accelerator chain 

28 Lund Univ., 

02.09.2013            

P Jenni 

(Freiburg/CERN) 

LHC roadmap to the Higgs 28 



ISR 
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Interaction point 
with crossing angle 



Gargamelle 
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http://cds.cern.ch/record/615825


S. Van Der Meer CERN/ISR-PO/72-31 
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Stochastic cooling in the ISR (Schnell et al 1975) 
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Initial Cooling Experiment (1978) 
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Momentum Cooling in ICE 

Schottky scan after 1, 2 and 4 min.  

Signal height proportional to the square root of density and 
width proportional to Δ p/p. 
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Antiprotons 
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The control room of the AA in 1981 
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The first Z boson event 
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http://cds.cern.ch/record/615824


23 km of  superconducting magnets 
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Colliding counter-rotating beams of hadrons 
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Les aimants guident les faisceaux de particules 



Cryodipole cross-section 
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…at the physics laboratory of  Leyden, 

helium was first liquified 

Heike Kamerlingh Onnes 

“Door meten tot weten” 

To knowledge through measurement  
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Discovery of  superconductivity 

(1911) 
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First idea of superconducting magnets 
(H. K. Onnes 1913) 

critical field of superconductors! 
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Critical current density of  technical 

superconductors 
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7000 km of  superconducting cable Nb-Ti 
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Hint of  a quantum effect…? 

50 Lyn Evans – EDMS 1057805 



Superfluid Helium 
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2.3K 

2.17K 



« In my PhD work in Toronto on superconductivity, I had 
often seen the sudden cessation of  boiling at the lambda 
temperature Tλ but had paid it no particular attention. It 
never occured to me that  it was of  fundamental 
significance. » 

   J. Allen, Physics World, November 1988, p 29. 

J. F. Allen 
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Superfluid Helium 
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3.3 
km 



Manufacturing of  superconducting coils 
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Assembly of  dipole cold masses 
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Cryogenic test benches 
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Magnet descent into the tunnel 

58 Lyn Evans – EDMS 1057805 



Transport 

in the 

tunnel with 

an optical 

guided 

vehicle 
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Transfer on jacks 
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Electrical splice 
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Dipole dipole interconnect 
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DFBAO in Sector 7-8 

Lyn Evans – EDMS 1057805 63 



64  LUCIO ROSSI – MT20 
Courtesy of A. Ballarino 

Jc=12500 A/cm2  @ 77 K self field 



A global project 
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http://fr.wikipedia.org/wiki/Image:Flag_of_Canada.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_India.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Russia.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Japan.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_the_United_States.svg


The LHC and its detectors 
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Aerial view of  Point 5 

Gallo-roman vestiges 1998 
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Roman coins found during 

 archeological excavations at Point 5  
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ATLAS Cavern Inauguration 2003 
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4th November 2005, the world-famous picture of  the 

completed Barrel Toroid… 



Virdee SUSSP_Aug03 
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The CMS Detector 



Virdee SUSSP_Aug03 
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A Slice through CMS 



Virdee SUSSP_Aug03 
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CMS Solenoid Assembly 



CMS: lowering of  heavy elements-

Nov’06 - Jan’08 

YB0: Feb 2007 
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Event recorded with the CMS detector in 2012 at a proton-proton centre-of-mass energy of 8 TeV. The event 

shows characteristics expected from the decay of the SM Higgs boson to a pair of photons (dashed yellow 

lines and green towers). Full yellow lines represent the reconstructed trajectories of the charged particles 

produced in addition to the two photons in the same collision. The event could also be due to known standard 

model background processes.  



Event recorded with the CMS detector in 2012 at a proton-proton centre-of-mass energy of 8 TeV. The event 

shows characteristics expected from the decay of the SM Higgs boson to a pair of Z bosons, one of which 

subsequently decays to a pair of electrons (green lines and green towers) and the other Z decays to a pair of 

muons 



Atlas 4 lepton 
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Two photon spectrum 



Higgs has been seen in CMS 

HiggsEvent'10-tsv 85 



Bringing nations together 

“…the promotion of  contacts 

between, and  

the interchange of, scientists…” 
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