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Development of HTS Sextupole Magnet for Accelerator

Kiyosumi TSUCHIYA™", Xudon WANG", Shinji FUIITA™, Akio TERASHIMA "', Yasushi ARIMOTO ",
Norihito OHUCHI"', Zhanguo ZONG"' and Akihiro KIKUCHI"

Synopsis: A prototype high-temperature superconducting (HTS) sextupole magnet for the SuperK EKB interaction region has been

designed, fabricated and tested. The magnet consists of two types of sextupole coils, normal and skew coil, wound with a REBCO

coated conductor 4 mm in width. The design field gradients of the normal and skew coil are 200 T/m’ and 20 T/m’ at 30 K, respectively.

The assembled magnet has an aperture of 128 mm, and a length of 332 mm. After fabrication, the test of the magnet was performed

in LN, and in LHe, and the properties of the magnet including field quality were studied. The design, fabrication and performance of

the magnet are presented.
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(Some figures in this article may appear in colour only in the electronic version)
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Fig. 1 Quadrant cross section of the sextupole magnet.

Table 1 Design parameters of the sextupole magnet.

Coil parameters Normal coil | Skew coil
Width (inner,outer) mm 38.6, 83.6 73.2,102.9
Length mm 200 200
Thickness mm 8.8 8.8
Inscribed circle radius mm 75 115.1
Number of turns/coil 121 X2 36 X2
Operating current A 250 250
Load line ratio @ 30 K % 55 41
Overall coil Jc @250A  A/mm? 303 142
Sextupole field T/m? 211.7 23.6
Effective length mm 175 193
Inductance mH 72 10.1
Max B1, By on the coil T 1.39, 2.45 0.63, 1.09

Yoke parameters
Radius (inner, outer) mm 150.5, 195
Length mm 200
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Fig. 2 The critical currents in B _L at varying temperatures of
the FYSC-SCHO04 conductors. The load lines of the normal and
skew coil are also plotted.
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Fig. 3 Standard deviation of the normal and skew multipoles, an
and bn, of the normal and skew coils with an RMS displacement
of 50 um and 100 pm.
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Fig. 4 Width of each coil made for the N-coil, S1-coil and S2-coil.
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Fig. 5 Length of each coil made for the N-coil, S1-coil and S2-coil.
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Fig. 6 V-I curve of each six coils measured at 77 K. Upper and
lower plots are for the N-coil and S2-coil, respectively.
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Fig. 8 V-I curve of each six coils assembled to the N-coil.
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Fig. 9 V-I curve of each six coils assembled to the S2-coil.

Fig. 10 Photo of the assembled special sextupole magnet.
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Fig. 11  Schematic drawing of the excitation circuit used for the test.
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Table 2 Comparison of measured and calculated B;*L or A;*L.

Coil Measured Opera-3D
N-coil  B3*L(Tm) @ 60A 0.008058
B3*L(Tm) @ 250A 0.03363 0.0335
Sl-coil A3*L(Tm) @ 80A 0.001320
A3*L(Tm) @ 250A 0.004160 0.00410
S2-coil  A3*L(Tm) @ 80A 0.001328
As*L(Tm) @ 250A 0.004184 0.00411
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WEATHI I - 72 R=30 mm (281 % 6 Ml OfE /il (Bs*L
or A;¥L) & Z DRI Z Table 2 (27”7, MMl & GO
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Fig. 15 Integrated transfer functions vs. current of N-coil and
S2-coil obtained from field measurement.

Table 3 Measured multipole components Cn of normal and skew
sextupoles at 250 A. The values are expressed by units (1 X 10™%).

Multipole n N-coil S1-coil S2-coil
1 71 648 266
3 10000 10000 10000
4 7.2 11.1 5.8
5 2.8 43 0.7
6 1.9 0.6 1.4
7 0.4 0.3 0.4
8 0.3 0 0.8
9 0.2 4.9 7.6
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Fig. 16 Joint models used for Opera-3D calculation. The left
and right models are for N-coil and S-coil splices, respectively.

Table 4 Comparison of the joint resistances.

Joint Calculated R(uQ)) | Measured R(u)
77 K N-coil 1.45 1.2~2.5
S1 or S2-coil 2.24 2.0~7.0
4.2 K N-coil 0.11 0.11~0.18
S1 or S2-coil 0.17 0.4~0.9
30K N-coil 0.16
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Fig. 17 Opera-3D model of the assembled sextupole magnet.
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Fig. 18 Measured multipole components Cn of the N-coil and
the calculated values by Opera-3D. The reference radius of this
measurement is 30 mm.
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Fig. 19 Measured multipole components Cn of the S1-coil and
S2 coil. The calculated values by Opera-3D are also shown. The
reference radius of this measurement is 30 mm.
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