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Cryogen-free Superc
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were changed using a multiple power supplies5)-7). 
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and thus prevents damage due to excessive magnetic 
force, even though the magnetic force increases with 
increasing current. The magnet is thus securely 
protected. The diodes are placed in the cryogenic 
portion with the magnet, configuring a closed circuit 
in the cryostat. This protects the magnet even during 
problems due to cutting of the connections between 
the magnet and power supply.
 The magnet is cooled by a two stage GM 
refrigerator having a freezing capacity of 1W at 4.2K. 
The heat balance is shown in Figure 4. The heat loads 
are 710mW in total, including 450mW, 15T/30min 
(0.067A/s) for the infiltration heat due to conduction 
and radiation, 240mW for the alternate current loss of 
the coils charging at a rate of 15T/30min (0.067A/s), 
suppressed by the use of fine filament NbTi 
conductor, and 20 mW for Joule heat and others. The 
temperature at the cooling end of the refrigerator is 
calculated to be 4.0K, while the magnet temperature 
of the Nb3Sn coil, which has a longer cooling path, is 
calculated to be 5.1K. The magnet temperature, 
corresponding to the heat load of 450mW at an 
unloaded condition, is calculated to be 4.5K for the 
Nb3Sn coil. By using a heat switch sealed in pressure 
controlled nitrogen, the cooling from the ambient 
temperature employs the first stage refrigerator 
having a higher cooling power. This shortened the 
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to the trouble of supplying cryogen, however, people 


