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The LHC, the largest superconducting machine in the world 
26.7 km circumference, 9300 SC magnets, maximum field 8.3 T 
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A sustained decrease in specific investment cost 
Specific cost vs center-of-mass energy of CERN accelerators 

Specific cost vs center-of-mass energy of CERN accelerators
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Energy efficiency through advanced magnet technology 
Specific power consumption of particle colliders 
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Physicists long-lasting interest for high magnetic fields 
Journal de Physique, Février 1910 
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Onnes tries to use the newly discovered superconductors 
to build Perrin’s 100’000 gauss magnet… 

…but stumbles on the « critical field »! 

H.K. Onnes, Nobel Lecture, 1913 
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Fermi’s 1954 concept for the « Ultimate Accelerator » 
was not superconducting! 

E. Fermi, APS Lecture, Columbia University, 29 January 1954 

Ebeam = 5000 TeV 
B = 2 T 
R = 8000 km ~ 5000 miles 
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Although hinted since the 1930s, local penetration of magnetic 
field in type II superconductors was established only in 1954 

  

Alexei  Abrikosov Lev Shubnikov 

http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg
http://en.wikipedia.org/wiki/File:Shubnikv.JPG


Superconductivity becomes a technology 
First patent for a « high-field » superconducting magnet (1960) 

Patent filed in 1960 (registered in 
1964) by J. Kunzler of Bell laboratories 

The magnet, wound with molybdenum-
rhenium alloy conductor, reached 1,5 T 
(15’000 gauss) 
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Discovery of the technological material 
Nb-Ti alloys (1961) 
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Origins of superconductivity at CERN: tests of Nb-Zr wire & magnet 
P.G. Innocenti & G. Kuhn, NPA int. 62-1 & 62-10 (1962) 
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Cooling by forced flow of liquid & supercritical helium 

M. Morpurgo, NP Internal Report 67-15 (1967)  

Three-piston circulator pump for LHe 
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Omega, the first internally-cooled superconductor magnet 
Proposed 1969, completed 1972 

M. Morpurgo 
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BEBC magnet and chamber assembly (1971) 

http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg


Winding of BEBC superconducting magnet (1970) 

F. Wittgenstein 

Central field 3.5 T  Conductor Nb-Ti/Cu 61 x 3 mm2 

Nominal current 5.7 kA  Stored energy 800 MJ 
Inner coil diameter 4.7 m Magnet & cryostat mass 350 t 
He bath cooled  Magnetic circuit mass 2000 t 
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Superconducting devices for West Area beam lines  

SC RF separator (1977) built by KfK Karlsruhe 
2.87 GHz (S-band) 
Deflecting field 1 MV/m 
Operated in superfluid helium at 1.8 K 

One of three cos q SC dipoles (1975-77) 
Central field 4.75 T 
Magnetic length 2.28 m 
Nominal current 700 A 
Cold bore aperture 74 mm 

G. Kesseler A. Citron (KfK) & H. Lengeler (CERN) 

http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg


Detector magnets for ISR and North Area 
M. Morpurgo (1977-1979) 

ISR solenoid, He bath cooled 

Large dipole, forced-flow cooled 
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Superconducting magnets & the SPS saga (1964-1973) 

1964 Design study of a 300 GeV proton synchrotron 
based on normal-conducting magnets 
 
1967 The German Atomic Energy Advisory Committee 
asks for a redesign, using « modern techniques », e.g. 
superconducting magnets 
 
1969 J. Adams, project director, drafts a technical 
strategy document for the machine: « superconducting 
magnets would not be feasible in the short term, and 
would better be exploited in the next generation of 
machines » 
 
January 1970 Postponement of decision on siting by 
Germany 
 
February 1970 New proposal by J. Adams to build 
the 300 GeV adjacent to CERN I (Meyrin), and to 
install at first only half of the magnets (« missing 
magnet scheme ») => GESSS collaboration 
 
1973 Decision to build a 400 GeV machine with all 
normal-conducting magnets from the onset 
 
1976 First proton beams accelerated to 400 GeV 
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Beam line magnets for the North Area (1978) 

Cross-section of CESAR dipole 

Superconducting magnets (two MBS dipoles (CESAR) of 
150 mm bore and 4.5 T, and one quadrupole (CASTOR) 
of 90 mm bore and 54 T/m) installed in hall EHN1 

J. Pérot (CEA Saclay) & D. Leroy (CERN) 
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P0 prototype beam transport magnet for SPS (1982) 

D. Leroy 
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Eight ISR « low-b » quadrupoles (1980) 
Developed at CERN, produced by industry 

Coil inner diameter 232 mm 

L. Resegotti, R. Perin et al. 
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The superconducting insertion at ISR 
First superconducting magnet system routinely operated in an accelerator 
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Maximum ISR luminosity during physics runs 

M. Jacob & K. Johnsen (1984) 

1.4 E+32 cm-2.s-1 
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Layout of typical LEP experimental area (1989) 
Magnets in « data-taking » positions 

Superconducting quadrupoles 
on cantilever supports 

Thin superconducting solenoid 

Common He cryoplant 
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Two generations of 8 slim « low-b » quadrupoles for LEP 
T. Taylor et al. (1988 and 1994) 
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ALEPH solenoid 
CEA Saclay (1988) 

Thin superconducting solenoid 
Central field 1.5 T 
Al-stabilized Nb-Ti conductor 
Bobbinless winding 
Al external support cylinder 
Indirect cooling 
Two-phase He thermosyphon 
 

http://doc.cern.ch/archive/electronic/cern/others/PHO/photo-bul/bul-pho-2007-046_01.jpg


DELPHI solenoid 
RAL (1987) 

Thin superconducting solenoid 
Central field 1.2 T 
Warm bore 5.2 m 
Length 6.8 m 
Stored energy 110 MJ 
Al-stabilized Nb-Ti conductor 
Bobbinless winding 
Al external support cylinder 
Indirect cooling 
Forced flow of two-phase He 
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The DELPHI solenoid in the hairpins of Col de la Faucille 
Winter 1987 
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Diagnostics: temperature mapping system 

H. Lengeler 
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Development of Nb-on-Cu coated cavities for LEP 

C. Benvenuti and his team, with 
cut-away magnetron and coated cavity 
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LEP 4-cell cavity in helium vessel and cryostat 
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First 352 MHz four-cell cavity for LEP (1990) 

First cavity 

LEP2 
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LEP2 RF cryomodules 

Cryomodule assembly 
in clean room 

Cryomodule 
in LEP tunnel 
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Development of the LEP2 program 
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Total RF voltage & LEP energy 
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LEP performance 1989-2000 
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Development of He 
cryogenics reflects that 

of superconductivity 

• Technology 
• Installed capacity 
• Efficiency 
• Reliability 
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Technology 
From dry piston to oil-injected screw compressors 

Sulzer piston compressors in North Area 
(1977) 

Oil-injected screw compressors at LEP2 
(1996) 
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Unit capacity 
From 400 W to 18 kW at 4.5 K  

Coldboxes in North Area (1977) 

Coldboxes at LEP/LHC (1996) 
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Efficiency 
C.O.P. of large cryogenic helium refrigerators at 4.5 K 
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Concluding remarks 

• CERN has recognized the potential of superconductivity for particle 
detectors and accelerators since the early years of its technological 
availability, and developed and implemented it in a number of ever bolder 
projects, which constitute achievements by themselves 

• This approach proved an excellent training ground for preparing young 
applied physicists, engineers and technicians to face the challenges of the 
future « big one », the LHC 

  

If we have seen a little further it is by standing on the shoulders of giants 

       Isaac Newton 
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