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caveat emptor
• Task assigned to me by the organisers: Rapide présentation des défis et de 

la structure du LHC. Historique et durée de la construction et qq 
problèmes. Contributions de notre région à la construction (IPNO, CEA). 
Puis présenter en français en restant très simple et pédagogique mais avec 
des transparents en anglais! 

• Thus I should report on the accelerator layout and the technical challenges 
of the  LHC, further on the actual construction with the focus of the CERN-
CEA-CNRS collaboration, the whole easy to understand and pedagogically
presented in french language while slides to be in english!

• A real challenge!

• The 13 minutes constraint means that the material is highly selected and 
many relevant things will be skipped. I am the only responsible for the 
selected material and the associtated shortcomings. I have used [only] 
material from my personal copies of slides shown within the CERN-CEA-
CNRS collaboration, that materiel is in french only. Where feasible I 
translated, but some transparencies use french by necessity.

• My presentation covers the time until September 2007 when the 
collaboration agreement CERN-France for the LHC construction was
finished!

• Note that an additional exceptional contribution from CEA and CNRS to 
CERN was consecutively sollicitated by CERN and agreed upon. Starting in 
July 2009 it was also very succesfull and addressed a number of items 
making life easier for LHC operation.    



Rational for the building the LHC

• More energy than LEP needed for Higgs-search (e.g. introductory talk)

• LEP can not further boosted in energy, limited by the synchrotron 
radiation radiated in a circular machine

• Synchrotron radiation is 1013 times lower for protons than for electrons

• LHC thus aimed at 2 x 7 TeV protons which means that the individual
bending magnets should in the 8 - 9 Tesla region

• That energy just deamed to be the feasible limit (after an extreme R&D 
effort).

Energy of a synchrotron: W [MeV] = 300 Q Bm r [Tm]

Q   :  charge (in units), important factor for heavy ions, else = 1
r :   radius of the accelerator, r = 2804 m pour le tunnel LEP/LHC
Bm :  averaged magnetic bending field over the circumference



Lay-out of the LHC
(transparencies from a CMS workshop in the nineties)



The technological challenge of the LHC

• 1232 high-field bending magnets of 8.3 T (bending 0,6 mm/m)

• The largest number of superconducting magnets ever installed, with a total of 
37 kT of cold mass

• The largest cryogenic installation ever made, requiring 1.8 K technology,           
I.e. 150 T of superfluid He-II, extreme-size He-liquifier, precision thermometry

• Ultra-high vacuum for the beams, 10-13 atm, = ten times less then on the moon

• Very large electrical currents to be controlled with extreme precision

• A ultra-reliable machine protection system (stored energy)

• The specifications of many systems
were beyond the state of the art

• Extensive and long-lasting R &D pro-
grammes had to be performed with
partners: reseach labs and industry



The challenge of the stored energy



Basic conception of the bending magnets

• As early as the mid-eighties, 
such drawings where shown
at different workshops



Remarks the pre-construction R&D

• Given the experience of CEA (TORE-SUPRA) the 
implication of CEA has been a must:





CEA-DSM-SBT Grenoble 



• December 1994 CERN Council approuves the 
construction of LHC, taking into account the voluntary
additional contributions of Switzerland and France "for 
the acceleration of the construction

• In April 1995 France proposes the of CEA and CNRS
implying an effort of about 200 man*years, accepted
by CERN DG in May 1995

• This gives rise to consecutive technical elaboration
meetings in 1995 and early 1996

• Signature in February 1996 of the "protocole d'accord" 
between CERN, CEA and CNRS

Political decisions



The 4 collaboration contracts signed between CERN CEA and CNRS



Collaboration Agreement 1 on the cold masses of the
quadrupoles (CEA-DSM-Saclay)



Collaboration Agreement 2 on the technical design and the tooling
for the assembly of the SSS cryostats  (CNRS - IN2P3 - IPN Orsay)



Collaboration Agreement 3 on the calibration of 6849 thermometers
for the LHC cryogenic system (CNRS - IN2P3 - IPN Orsay)



Collaboration Agreement 4 for the construction of the LHC 1.8 K 
refrigeration units (CEA – DSM – SBT Grenoble)



Final "closing" meeting

The CSP (contract follow-up) : a most important tool
for a clear and common understanding



Timeline from the (end of) constuction to the Higgs-boson



In lieu of a conclusion: a summary transparency on the collaboration 
France – LHC by F. Bordry shorthly after the Higgs discovery


