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Since intense radiation heat load is generated by neutron radiation in the first quadrupole magnet at the IF(In-

Flight) fragment separator, HTS (high temperature superconducting) magnets are considered instead of LTS 

(low temperature superconductivity) magnets. As the operating temperature increases, the cooling power can be 

dramatically reduced.  

HTS magnets are usually cooled by thermal conduction from cryocoolers, however, the HTS magnet of heavy 

ion accelerator cannot be cooled by conduction due to the intense radiation heat load. A gaseous helium 

circulation cooling system can be applied to the magnet to remove the heat load and keep the operating 

temperature.  

A prototype magnet of the quadrupole magnet was fabricated using 2G HTS conductor and it was tested in a 

conduction cooling system to verify the basic thermal and electromagnetic characteristics without radiation heat 

load. The magnet was also tested in the cold gaseous helium circulation system to investigate the cooling 

characteristics with additional heat load. 

Gaseous helium cooling system is composed of compressor, recuperator, LN2 reservoir and heat exchanger 

that cooled by cryocooler. The prototype HTS magnet is installed between recuperator and cryogenic heat 

exchanger in gaseous helium cooling system. The operating temperature is 30~50 K with the maximum helium 

mass flow rate of 1 g/s.  

This paper describes the thermal stability test results of the prototype HTS magnet using the gaseous helium 

cooling system. Temperature distributions and variations were measured for the additional heat load. By 

analyzing the test results, the designed thermal structure of the HTS coil was verified. The results can be applied 

for the development of a real scale HTS quadrupole magnet. 


