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The first accelerator magnets: 
The Cyclotron in Berkeley in the 1930s 



Particle bending in Accelerators for 
Nuclear and Particle Physics 

Low Energy Physics (Cyclotrons, 
Synchrocyclotrons): fill  the magnetic 
volume with particle orbits 

High Energy Physics (synchrotrons, 
colliders): minimum field volume 
along the beam path 



Main components of a colliders 



Large size and high field  : Ebeam@ 0.3BR 

1500 tonnes of top 
quality SC cables  

1800 Power Converter 
from 60 A to 24 kA  

Bdip@ 8.3 T  

Rdip  @ 3 km 
Ldip @ 15 m ³ 1232 
Ltunnel  = 27 km  

15000 MJ of magnetic 
energy 

1800 HTS Leads           
11 kW@1.9 K 

 

 



SC : an enabling tehcnology 

Superconducting LHC 

ÅTunnel : 27 km 

ÅField : 8.3 T 

ÅCryoplant power at the 
plug: 40 MW 

ÅAverage power (cryo always 
on: 1 x 40 = 40 MW 

Normalconducting LHC 

ÅTunnel 120 km 

ÅField : 1.8 T 

ÅDissipated power at 
collision: ~ 2,200 MW 

ÅAverage power (0.4 
coefficient): 900 MW 



Not only bendingΧ ŀƴŘ 
needed also in linacs and transfer lines 

Quadrupoles for focussing 
Higher order: Sextupoles (hexapoles), 
octu-, deca-, dodeca-polesΧ 

Lees used for beam lines 
Usually duty cycle 10% or less 
Cryogenics is always on, so less interesting, 
Unless constrained on radius or high duty cycle 

SC line for neutrino source in J-PARC 
(Japan). Courtesy A. Yamamoto. 



A ς selected ς Livingstone Plot 

SC is an enabling technology 
- Voltage accelrator 
- Cyclic accelerators 
- Phase stability 
- Strong focussing 
- Colliders 
- Superconductivity 
- (Plasma acceleration?) 

Modified from Ph. Lebrun 



The start: K.H. Onnes όмΣнΣоΧύ 

Onnes and van der Waals (standing) in 
front of the first He liquifier in 1013 

Heino Kammerligh Onnes in Leiden (NL), 
first liquifies Oxygen in 1894, then loses 
to Dewar the race for first H liquifaction, 
1898, finally wins over him the first He 
liquifaction in 1908 


