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Abstract

A high-temperature superconducting (HTS) sextupole magnet was proposed for the chromaticity correction of the
SuperKEKB interaction region. The magnetic field strength of the magnet was designed to be 200 T/m? at 30 K. The
magnet consists of six rectangular coils wound with a REBCO conductor. Each coil has an inner radius of 75 mm and a
length of 200 mm. In this paper, we present the design, fabrication, and excitation test result at 77 K and 4.2 K of the HTS
sextupole magnet. As a result, we successfully excited the magnet to the design current of 250 A at 4.2 K. We also

confirmed that the magnet had been fabricated with no degradation of the conductor properties.

1. [XL®IZ

SuperKEKB (23T, @A/ VT A —&iER T 57
DITITE ZEE — LD AR e U M IE DB T
=)V EARF 2 — D S & R IR AT DR i~
7 N EEETe D BERGGSR LA A X2 E D
BED, FARERA LVOBRER A NZORE~S
FYMISEIDOLWEEZLND, ZO NIRRT
B — AE 22 S0 30-100 m OFEEIC/HELT 16 B
BEIND/N< 7 2o N THDHT-0 | BRER A Z ]
T HTD DRI LI DO 2 53 Bl 35 07
IEED A TIEZRL /INIE B E RN EEL W, Fo,
HONI v TA—DIRTERS T, 7 F LI
W ERR L FEIRD A RE THATENEFLLY,
INOOEAEFRR L DM LT, /N H s H
DO ERBIRER A DT DD, s a RS
A DBAR TR E ORF RS TR A ICHED BT
W5, FFlZ CERN ZH0LELTZ LHC OWRBAGFHEIZRB W
TIE 20 T @GS~ Xy MNeEiE 325 100 TeV
D HERTUNNIE LS (FCC) DR A ED B TWD[1],
T, Boa LRk INE S H m RS BRI
(2T T, SuperKEKB 28 s fH ] /S~ 7 1 b
H—7y R LT, @i SRR T D REBCO #44 %
W za A ViR EEZ DO RHERE 21T > CTE 72 [2-11], &
72 REBCO ##FD 4.2 K @ FIoB D R EiL
PO SR MER S 1T > TET2[12-16],

# wanxdon@post.kek.jp

A5 1L, REBCO & Wi A XD
SuperKEKB 722 s fE i F i iR RS S i~ 7 % b
P ERE, IR ESE (77 K) LRI~ T L (4.2 K)IZX
DI IE G EF DGR ER 2OV TR 15,

2. HTS REYY RxybDiKEt

HTS A~ SO B &3 e a2 € 4L Fig. 1
L Table | 1T, aANEFHIFERL — ATV IR
ELTC, BEG AR M OB EME A EEL T 2 Do LHE
WEELTz, aANVAMANCER T — 7 2L E L | S5~ DR
Wit /NS LT, S —~ VARG AR A% 200 T/m>
ERRBIOERTE A 250 A L7z, £, AR
D 10* A —H =PI FERD I, BEFtE Y 7k
Opera[17]% HN T, A VR ERT — 7 ORELE 2R D

—o

X RXKRKK
552555
o
S
5%

5

5

55

39S
%

55
55

...
5
X
55

5555

%
K
R

%S

25

2
G0RKS

&5
£
45

Figure 1: Schematic drawing and quadrant cross section of
the HTS sextupole magnet.
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Table 1: Main Parameters of the HTS Sextupole Magnet
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Parameter Value
Coil inner bore radius 75 mm
Normal sextupole field gradient 211.7 T/m?
Coil length 200 mm
Yoke radius (inner, outer) 150.5, 195 mm
Yoke length 200 mm
Sextupole coil
Coil width (inner, outer) 38.6, 83.6 mm
Coil height 8.8 mm
Number of turns 121 x 2 turns
Conductor length for one coil ~110 m
Design current 250 A
Integrated multipole: b9 -0.08 units
Max B // field on the conductor ~ 2.37 T
Max B 1 field on the conductor ~ 1.38 T
Stored energy 2.32kJ
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Figure 2: Measured (77 K) and estimated critical currents
of the REBCO conductor, and load line of the HTS
sextupole magnet.

Figure 3: Photographs of the six HTS coils.
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Figure 4: Width and length of the six HTS coils.
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Figure 5: V vs. I curve of the six HTS coils at 77 K.
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Figure 6: Photograph of the HTS sextupole magnet.
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Figure 7: Schematic drawing of inter-coil joints.
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Figure 8: Photographs of the HTS sextupole magnet and
measurement setup.
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Figure 9: Dump circuit and quench protection system.
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Figure 10: V vs. I curve of the HTS sextupole magnet at
(a) 77 K and (b) 4.2 K.

Table 2: Critical Currents of the HTS Sextupole Magnet at
77K

Unit (A) #1 #2 #3 #4 #5 #6

Fujikura 73 >75 >75 >75 >75 >75
KEK 73 >77 >77 76 76 >77

Table 3: Joint Resistances of the HTS Sextupole Magnet at
77K

Unit (uQ) #1-#2 #2-#3 #3-#4 #4-#5 #5-#6
Fujikura 1.3 1.4 1.8 1.1 1.6
KEK 1.5 1.5 1.6 1.2 1.6
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Figure 11: Inductive voltage of the HTS sextupole magnet
at 77K and 4.2 K.
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Figure 12: Dump test result of the HTS sextupole magnet
at 77 K.
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