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Particle accelerators like generator of very fine light

they use the «light», of quantum mechanics
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ÅTrip back toward the Big Bang: tms@1/E2
Gev

Åt @1 ps for single particle creation

Åt @1 ms for collective phenomena QGS (Quark-Gluon Soup)

Accelerators also a wonderful «time machines»
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Particle physics reproduces the conditions of the Universe just after the Big Bang

The Universe (and all particles within) is 13.8 billion years old
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CERN proton accelerator chain: 

the force or tradition! 

ÁLHC : 2x(0.45 ï7) 
TeV

ÁSPS : 26 ï450 GeV

ÁPS : 1.4 - 26 GeV

ÁPSB : 0.05 -1.4 GeV

ÁLinac: 0-50 MeV

Lucio Rossi - IESF - Paris 17 Septembre 2020 6



PSB (Booster): 1.4 GeV

Magnetic structure of PSB

Length : 150 m
Actually are four rings. Each beam
is injected in the PS
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The PS complex: injector for LHC and moreé



SPS: 450 GeV proton beam

(in the 1980ôs worked as p-pbar)

SPS tunnel (almost 7 km) SPS complex with experimental
area
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New neutrino exp. area
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CERN: founded in 1954: 12 European States

ñScience for Peaceò

Today: 22 Member States

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

Associate Member States: India, Pakistan, Turkey, Ukraine

Associate Members in the Pre-Stage to Membership: Cyprus, Serbia

Applications for Membership or Associate Membership:
Brazil, Croatia, Lithuania, Russia, Slovenia

Observers to Council: Japan, Russia, United States of America; 

~ 2500 staff
~ 1800 other paid personnel
~ 13000 scientific users

Budget (2017) ~ 1100 MCHF



Science is 

getting 

more and 

more global

Note: 

CERN is

«largest US 

laboratory» 

é
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CERN & LHC
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ÅTunnel : 27 km

ÅField : 8.3 T

ÅCryoplant power at the plug: 40 

MW: always on

Å~70 MW for LHC.

Å150 MW for  the accelerator

complex

Å180 for the whole CERN complex

ÅTunnel 120 km

ÅField : 1.8 T

ÅDissipated power at 

collision: ~2,200 MW

ÅAverage power (0.4 

coefficient): 900 MW only

for accelerator

ÅSuperconducting LHC Normalconducting LHC
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Multi-wire cable: the way to 10-100 kA!

Very complex architecture

Thousands of fine Nb-Ti filaments well

separated along km of wires Cable of 15 kA!)
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Å Circular Accelerators

Ebeam =  0.3  B r   [GeV] [T] [m]

Why looking for higher and higher magnetic field? 
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Superconductors  (usually pure Niobum) are used to 

accelerate particles: electric fields in RF cavities (30-50 MV/m)
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More than 20 years to develop and build the LHC dipole magnets
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CMS

ALICE

LHCb

ATLAS

LHC and its big four eyes
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ZĄȊȊ

ZĄȊȊevent from 2012 data with 25 reconstructed vertices

Beams collides 40 MHz

25-50 Pile up

Ý1-2 Billions collisions/s!

Only 1/10 Bil we ñcan seeò a Higgs boson!

It si really searching for the needle in a 

haystack!
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éfor the theoretical discovery of a mechanism that 

contributes to our understanding of the origin of mass 

of subatomic particles, 

and which recently was confirmed through the 

discovery of the predicted fundamental particle, by 

the ATLAS and CMS experiments at CERN's Large 

Hadron Collider

Prof. Englert Prof. Higgs
Prof. Brout
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So have we finished our quest? NO!

Cosmology tells us that we still miss the most!
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SUPERSYMMERTRY:

A Superworld ahead of us?

Sheding light on Dark Matter?

More light to see moreé24



High Luminosity: a bright future for the LHC

Generate more light ­machine upgrade

Better eyes to profit of higher luminosity ­ detector upgrade
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