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The Standard ModelThe Standard Model

• Matter is composed of fermions 
(6 quarks and 6 leptons)

• All fermions have their
antiparticles

• Three families of fermions of 
increasing masses, « normal »
matter is made of the first family

• Interactions (strong nuclear, 
electromagnetic, weak) are carried
by exchange of bosons (gluons, 
photons, weak bosons)

• Very successful description of 
nature, good precision
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LimitsLimits of the Standard Modelof the Standard Model

• Origin & hierarchy of particle masses:
coupling with Higgs field (boson)?

• Fermion/boson supersymmetry?

• Gravity is not included!

• Unification of forces?

• Origin of matter-antimatter
asymmetry in the universe?

• What constitutes dark matter?

• What is dark energy?
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Overall layout of the LHC and its detectorsOverall layout of the LHC and its detectors
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The ATLAS detectorThe ATLAS detector
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The CMS detectorThe CMS detector
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Searching for the Higgs bosonSearching for the Higgs boson
One needle in 20 million haystacks!One needle in 20 million haystacks!

All charged tracks with pt > 2 GeV

Reconstructed tracks with pt > 25 GeV

(+30 minimum bias events)
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TowardsTowards a world a world computingcomputing «« gridgrid »»
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Luminosity vs. energy of Luminosity vs. energy of colliderscolliders
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Challenging accelerator physicsChallenging accelerator physics

• High luminosity
– High-intensity beams (2 x 0.584 A)
– High-brilliance injectors (transverse emittance 3.75 μm.rad)
– Large stored energy (2 x 362 MJ)
– Small tolerance of s-c magnets to beam losses (~ 10 mJ/cm3)

• Beam-beam effect
– 2808 bunches with 25 ns spacing
– Minimum crossing angle

• Long-term stability (“dynamic aperture”)
– Particles will circulate for 400 million turns (11 billion km)
– Sets tight constraints on field quality in magnets

• Control of collective instabilities
– Vacuum chamber impedance (copper liner)
– Non-linear lenses and RF feedback system

• Synchrotron radiation
– Beam-induced desorption ⇒ dynamic vacuum
– Photo-emission & resonant acceleration of electrons (“electron cloud”)
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The beam screenThe beam screen
A multiA multi--function object required by beam physicsfunction object required by beam physics

• Interception of beam-induced 
heat loads at 5-20 K 
(supercritical helium)

• Shielding of the 1.9 K 
cryopumping surface from 
synchrotron radiation

• High-conductivity copper lining
for low beam impedance

• Low-reflectivity sawtooth
surface at equator to reduce 
photoemission and electron cloud
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The first The first circularcircular acceleratoraccelerator
Lawrence and LivingstonLawrence and Livingston’’s 80 s 80 keVkeV cyclotron (1930)cyclotron (1930)
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LHC
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Livingston’s diagram

• sustained exponential
development over 70 
years

• progress achieved
through repeated jumps
from saturating to 
emerging technologies   
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Doping Doping NbNb--Ti performance at 1.9 KTi performance at 1.9 K
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SuperfluidSuperfluid helium coolinghelium cooling
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HighHigh--fieldfield superconductingsuperconducting magnetsmagnets

1232 twin-aperture dipoles (8.3 T)

474 twin-aperture quadrupoles

7612 corrector magnets integrated
in main magnet cryostats 
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Inner
Cable

Outer
Cable

Number of strands 28 36

Strand diameter 1.065 mm 0.825 mm

Filament diameter 7 µm 6 µm

Number of filaments ~ 8900 ~ 6520

Cable width 15.1 mm 15.1 mm

Mid-thickness 1.900 mm 1.480 mm

Keystone angle 1.25 ° 0.90 °

Transposition length 115 mm 100 mm

Ratio Cu/Sc ≥ 1.6 ≥ 1.9

7000 km Nb7000 km Nb--Ti Ti superconductingsuperconducting cablescables



Ph. Lebrun 31 May 2007

MagnetMagnet poweringpowering
withwith highhigh--T T superconductorssuperconductors

Number Current rating (A)
64 13000

298 6000

820 600

2104 60-120

HTS

1720 electrical circuits, total current 1.7 MA

3286 current leads using Bi-2223 multi-filamentary tape



Ph. Lebrun 31 May 2007

Size & cost of CERN Size & cost of CERN hadronhadron colliderscolliders
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Reusing the CERN accelerator networkReusing the CERN accelerator network
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HistoricalHistorical milestonesmilestones of the LHCof the LHC

• Preliminary conceptual studies 1984
• First magnet models 1988
• Start structured R&D program 1990
• Approval by CERN Council 1994
• Industrialization of series production 1996-1999
• DUP & start civil works 1998
• Adjudication of main procurement contracts 1998-2001
• Start installation in tunnel 2003
• Cryomagnet installation in tunnel 2005-2007
• Functional test of first sector 2007
• Operation for physics 2008-2030?



Ph. Lebrun 31 May 2007

Cost structure of the LHC acceleratorCost structure of the LHC accelerator

Total ~ 2.2 BEuro
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90 main industrial contracts in the world90 main industrial contracts in the world



Ph. Lebrun 31 May 2007

ProcurementProcurement logisticslogistics
QuantityQuantity & & qualityquality in time in time atat the right placethe right place

Installed underground: 50 000 t

Transported throughout Europe: ~150 000 t
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Strict configuration managementStrict configuration management
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A webA web--basedbased engineering data engineering data 
management systemmanagement system……
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……givinggiving accessaccess to the WBSto the WBS……
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……and to and to updatedupdated technicaltechnical documentsdocuments
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StatisticalStatistical production control & production control & traceabilitytraceability
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Cold reception tests of 2000 Cold reception tests of 2000 
superconducting magnetssuperconducting magnets
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HomogeneityHomogeneity of of magnetmagnet populationpopulation
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CERN has 20 Member States in EuropeCERN has 20 Member States in Europe……
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……but serves the but serves the worldworld’’ss physicsphysics communitycommunity

Total: ~ 8000 users (2006)
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EnvironmentEnvironment in in 
itsits initial stateinitial state
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MinimizingMinimizing impactsimpacts
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AbidingAbiding by the by the lawslaws & & regulationsregulations
of the host statesof the host states

Déclaration d’Utilité Publique

Installation Nucléaire de Base
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ConclusionConclusion

It is a long way from a pioneering vision…
– Building competent teams
– Conducting focused R&D
– Setting up international collaboration
– Establishing a solid industrial basis
– Enforcing strict configuration control and QA
– Sustaining production effort
– Recovering from technical, organizational and financial difficulties

… to a large instrument breaking new ground and serving the world’s 
physics community

« There is no favourable wind for he who does not know his destination »

Seneca, Letters to Lucilius
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