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Abstract

A main linac cryomodule for International Linear Collider (ILC) equips a superconducting (SC) quadrupole magnet
combined with two corrector dipole magnets. This quadrupole magnet is superferric type and has four SC racetrack coils.
The SC coils are cooled by heat transfer to a two-phase helium pipe of the cryomodule. A magnetic field gradient of the
quadrupole magnet and the dipole field of the corrector magnets are 40 T/m, 0.1 T, respectively. A magnetic length and an
aperture radius of iron poles are 1 m and 0.045 m, respectively. An issue on stable operation of this magnet is heating by
dark current (electron emission due to electric field emission) generated in superconducting RF (SRF) cavities. The dark
current is accelerated by subsequent electric field in the SRF cavities. When the accelerated-dark-current electrons reach
quadrupole-magnetic-field region, they are bent by the magnetic field and enter the SC coils. At this time, energy of the
electrons is deposited on the SC coils. The energy deposit is expected to reach more than few watts, and the temperature
of the SC caoil rises locally, it becomes a risk of quench. Therefore, we aim to realize an SC magnet not reaching quench
even with this dark current heating. An R& D has started. Test coils made of three types of SC materials, NbTi, Nb3Sn,
and MgB,, will be produced, and a short model magnet will be developed based on the results. Here, we will introduce
the R&D plan.
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Table 2: Parameters of SC Wires. T;*: Critical temperature
atB=0T, and I =0A. T.":Critical temperature at B=3T,
and I = 100 A.

Unit NbTi Nb3;Sn MgB;
Bare wire diameter mm  0.50 0.65 0.55
Insulated diameter mm  0.55 0.8 0.7
Filament diameter pm  3-10 2-3 <~150
Cu to SC ratio 2 1 0.8
T.* K 9 18 39
Al K 7 13 15
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Figure 2: 2D calculation model and flux line at I; = 82 A.
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Figure 3: Magnetic field gradient as a function of

quadrupole coil current. Horizontal broken line is speci-
fication value of the field gradient.
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Figure 4: The color contour of the B-field strength around
the coils. The current of the quadrupole coil is Iy = 82A,
and the current of the both dipole coil is Iy = 35 A.
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Figure 5: Critical current as a function of critical B-field for
NbTi, Nb3Sn, and MgB, and load line of the quadrupole
magnet package. Refer to a legend for detail.
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