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PROGRESS ON THE MODELING AND MODIFICATION OF THE 

MICE SUPERCONDUCTING SPECTROMETER SOLENOIDS *  

Abstract: The Muon Ionization Cooling Experiment (MICE) is an international effort, sited at Rutherford Appleton Laboratory (RAL) in the UK, 

that will  demonstrate ionization cooling in a section of realistic cooling channel using a muon beam. The spectrometer solenoids are an identical 

pair of five-coil superconducting magnets that will  provide a 4-tesla uniform field region at each end of the cooling channel. Scintillating fiber 

trackers within each of the 400-mm diameter magnet bore tubes will  measure the emittance of the beam as it enters and exits the cooling channel. 

Each of the 3-meter long magnets incorporates a three-coil spectrometer magnet section and a two-coil section that matches the solenoid uniform 

field into the MICE cooling channel. The cold mass, radiation shield and leads are kept cold by means of a series of two-stage cryocoolers and one 

single-stage cryocooler. Various thermal, electrical and magnetic analyses are being carried out in order to develop design improvements related to 

magnet cooling and reliability. The key features of the spectrometer solenoid magnets are presented along with some of the details of the analyses. 
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INTRODUCTION  

�‡Coil operating currents range from 223 to 271 amps 

�‡During recent training of one of the spectrometer 

solenoids, all five coils run in series reached 258 amps 

(94% of qualifying current) 

�‡A cold lead inside the cold mass for the Match 2 coil 

failed due to a local quench 

�‡A design for further stabilization of the cold leads 

(inside and outside the cold mass) has been developed 

�‡The internal passive                                                 

quench resistors were                                             

found to be thermally                                           

damaged, likely as a                                                   

result of the cold lead                                                

burn out 

MAGNET TRAINING & TESTING  

�‡The spectrometer solenoid passive 

quench protection system consists of 

a series of diodes and resistors 

within the cold mass 

�‡Each match coil and the 3-coil 

spectrometer set will  be powered by 

dedicated 300 amp power supplies 

during normal operation 

�‡The suitability of the passive magnet 

protection system is being reviewed 

and analyzed considering various 

operational regimes to verify to what 

degree the design can safely protect 

the system under reasonable fault 

scenarios 

�‡A magnet quench analysis is being 

finalized, and recommendations for 

improvement are being developed 

�‡Other proposed design changes 

will  reduce the heat leak into the 

cold mass and increase the total 

amount of cryocooling power 

�‡Reassembly of the first of the two 

magnets will  be starting soon 

SUMMARY  

Spectrometer 

Solenoid #1 

MICE consists of two spectrometer solenoids and a cooling 

channel. Muon ionization cooling occurs in three LH2 absorbers 

in the cooling channel, and the muons are reaccelerated by eight 

RF cavities. Scintillating fiber detectors in the solenoid bores 

measure the incoming and outgoing muon emittance. 

COLD MASS COIL ASSEMBLY  

�‡Each of the spectrometer solenoids consist of five 

superconducting coils wound on a common 2923 mm 

long aluminum mandrel 

�‡Match Coils 1 and 2 operate as a focusing doublet to 

match the beam to the adjacent AFC modules 

�‡The spectrometer portion (End Coil 1, Center Coil and 

End Coil 2) will  generate a 4-tesla uniform field over a 

1-meter long and 0.3 meter diameter volume.  

MAGNET QUENCH ANALYSIS  

Current design uses a passive 

internal quench protection system 

�‡Analyses are being carried out using the Wilson code 

"quench" and Opera-3D with the QUENCH module  

�‡The preliminary analyses predict the hot spot temperatures 

and peak internal voltages without mandrel quenchback 

�‡The 3D model provides a more detailed look at the quench 

process (quenchback, layer-to-layer voltages, etc.) 

�‡The analysis also considers the impact of a quench on critical 

components such as the LTS and HTS leads 

3D quench model of the spectrometer solenoid coils 

Current decay in coils during quench Field distribution in the MICE coils  


