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Development of Final Focusing Superconducting Magnet System for SuperKEKB
-Designs of the superconducting quadrupole magnets for beam final focusing-
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Fig. 1 Cross sections of the QCI1P (left: positron beam) and
QCIE (right: electron beam) magnets.
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Table 1: Design parameters of QC1P and QC1E magnets

QCI1P QCIE
Magnet type 2-layer w/o Yoke 2-layer with Yoke
Coil LR 25.0 mm 33.0 mm
Coil O.R. 30.485 mm 38.485 mm
Turns in one pole 25 34
Field gradient 75.99 T/m 91.57 T/m
Current 1800 A 2000 A
Effective mag. length 337.2 mm 373.05 mm
Max. field with sol. field 44T 41T
Operating point w.r.t /. 65.0% 80.6%

Table 2: Parameters of NbTi cables for QC1P and QC1E

QCIP/1E QCIP/1E
Strand: Cable:

Diameter 0.5 mm Width 2.5 mm
Cu/Sc ratio 1.1 Thickness 0.93 mm
Filament dia, 8 um Keystone ang. 2.14°/1.66°
# of filaments 2113 # of strands 10
RRR >150 1. at 6T, 4.2K 22250 A
1. at 6T, 4.2K >235 A
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Fig. 2 Coil configuration of the QC1P magnet

4. F&®
SuperKEKB b — A28 AR 4 WER AT, 72 b
AL N pqur@—int%:ﬁb\ BIEFHERUE D

EFEPT&)ZD IE@% }t %%@ux;: LOI/\T@Z

Stz gl %&%%ﬁoto

S35 Xk

[1] N. Ohuchi, et al.: 25 9 IR FRERT nv=7" V)7 4
(2012), P. 21.

[2] Y. Arimoto, et al.: Abstract of CSJ Conf. 86 (2012), P. 122.

87 20134 ERFKIR 147 - MEES S



3A-a02

e (2)

SuperKEKBER R &IREMIEMEEE 6 BRERA Y AT LD
- BBAY AT LOHE-
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Fig. 2. Schematic drawing of the R&D cryostat.

Table 1. Specification of sextuple magnets

Normal Skew
Magnet name SL B3 SL As
(T/m) (T) | (T/m) (T)
HER SLY 234 0312 | 234 31x1073
HER SLX 187 0.299 | 9.35 15 x 1073
LER SLY 40 0.121 | 267 81x1073
LER SLX 13.3 0.040 | 2.67 81x1073
SE R
1) Y. Ohnishi, et al: “Accelerator design at Su-

perKEKB”, Prog. Theor. Exp. Phys. , 03A011 (2013)
2) N. Ohuchi, et al. : % 9 FIHAMBERARER T Ry —
F 4 v A (2012).
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Fig. 1. Layout of sextuple magnets for local chromaticity correction at a straight section of SuperKEKB.
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Development of HTS coils for radial sector FFAG accelerator
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Table 1 Specifications of the FFAG accelerator

Accelerated type
Accelerated particle Co+
Injection/Extraction energy

radial sector FDF

20 / 400 MeV/u

Mean radius 4.2 ~ 5.3 m

Number of cell 6

Field index (k value) 9.5

Open angle 17.2 deg. (F) / 10.3 deg. (D)
FD ratio (bending angle) 3

Defocus coil

Table 2 Specifications of defocus magnets
Type of coil winding

Saddle—shape coil

Effective area +351 mm
Inner radius 751 mm
Number of turns 1500
Number of layers 5
Current 500 A

eauibment

Fig.1 Outer view of the radial sector FFAG accelerator

Focus coil

Injection/Extraction

Outer view of
Defocus coil /

Fig.2 Outer view of coils for 1cell
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1. N. Amemiya, et al.: Abstracts of CSJ Conference, Vol. 82
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Feasibility of coil-dominated HTS magnets combined with deformed single pancake coils and

three—dimensional coils for spiral-sector Fixed Field Alternating Gradient accelerators
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Fig. 1 Coil shape of coil-dominated magnet
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Fig 1. Residual magnetic field harmonics after shutting down
transporting current:
(a)2-pole,10 K (b)6-pole,10 K (c)2-pole,30 K (d)6-pole,30 K
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Fig. 1 Schematic image of the cryocooled superconducting
magnet for a 8 MW-27.5 T hybrid magnets.
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Fig.2 Temperature and current profile for the NbTi excitation
test.
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Fig. 1. Estimated critical current properties for 18-strand CuNb/NbsSn
Rutherford cable conductor and 8-cowound Y123 tape. The straight lines
are the designed coil load lines. The CuNb/NbsSn coil is operated along
the load line in fields up to 13 T, and the load lines of the Y123 coil are
indicated in two directions of fields up to 5.2 T B//c and 20 T for B Lc.
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[1] K. Watanabe et al., IEEE Trans. Appl. Supercond. 15 (2005)
3564-3567.

Table 1 Coil parameters of a cryogen-free 20-T superconducting outsert with a 400-mm room temperature bore

Coil ID YBCO1 YBCO2 NbsSn1 NbsSn2 NbsSn3 NbsSn4
Inner diameter mm 440 569 705 827 941 1055
Outer diameter mm 568 689 826 940 1053 1190
Coil height mm 715 715 1138 1138 1138 1138
SC conductor size mm?2 4.4V x 0.2t 6.45W x 1.53t
Conductor size mm? 4.4V x 2.8t4.4W x 2.6%6.45W x 2.53t6.45W x 2.33t6.45W x 1.93t6.45W x 1.53¢
Operation current A 900 900
Conductor current density A/mm?2 73.1 73.1 62.1 68.2 84.7 112
Overall current density A/mm? 56.0 60.2 45.1 48.6 57.6 70.6
Field contribution T 3.70 3.40 2.87 2.73 3.07 4.25
Central field T 20.0
Hoop stress MPa 333 373 277 272 264 173
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1. S. Hanai, et al.: “Design and Test Results of 18.1 T
Cryocooled Superconducting Magnet with Bi2223 Insert”
IEEE Trans. on Applied Superconductivity, Vol. 17, No.2
(2007) pp. 1422-1425.

Table 1 Parameters of Upgraded Cryogen—free 18T Superconducting Magnet

Coil ID Hl L1 L2 L3 14 L5
Superconductor Ag/Bi2223  Cu/NbiSn Cu-NbTi/Nb;Sn Cu/NbTi
Matrix/R einforcemen t/Supercondu ctor Ratio 1.6/1.2/1 0.37/-/1 0.5/0.5/1 0.9/-/1
Wire dimension without insulation (mm) 4.5%0.36 1.45%2.35 1.82 1.50 1.35 1.80
Inner radius (mm) 44.9 97.8 136.7 185.6 225.6 259.7
Outer radius (mm) 89.0 133.0 182.6 222.4 255.9 307.0
Coii height (mm) 274.9 315.0 450.6 579.2 641.0 709.8
Number of turns 5670 2750 5928 8400 9372 10416
Operating cumrent (A) 191.5 181.5 427.0
Current density of conductor (M A/m”) 117.9 54.5 69.5 102.4 126.4 167.8
Current density of coil (MA/m’) 89.3 45 53.5 75.5 91.9 134.8
Inductance (H) 1.33 0.84 5.25 14.3 22.4 335
Magnetic field contribution (T) 4.45 1.61 2.44 2.70 2.66 6.15
Maximum field (T) 20.1 15.6 14.0 11.5 8.8 7.3
Operationg temperature (K) 4.5 4.5 4.5 4.5 4.5 4.5
Curmrent sharing temperature (K) - 8.1 7.3 8.5 9.8 5.9
Hoop stress (MPa) 212 113 169 234 231 91
Compressive stress (MPa) 10 7 16 37 54 92
— 149 — 558711 20134 BEARFAIN L - MEE YR
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1. K. Watanabe et al.: IEEE Trans. Appl. Supercond., Vol. 22
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Table 1 Conductor specifications
(a) Strand
Superconductor Bronze- processed Nb;Sn
Reinforcement Nb-rod-method Cu-20vol%Nb
Diameter 0.8mm
Cu/CuNb/non-Cu 20%/35%/45%
Filament diameter 3.3um
Twist pitch 20 mm
(b) Rutherford cable
Number of strands 16
Dimensions 6.4mm"x1.5 mm'
Cabling pitch 65mm

Fig.1 Cross-section of Rutherford cable composed of 16
Nb;Sn strands with Nb-rod method CuNb reinforcement

2R [

g
S0

Paying-off bobbin

Prebending pulleys
Fig.2 A schematic image of the prebending treatment

1.6
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3 1.2
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©
§ 08 [~ -strand
©
€ 0.6 | —=—Ratheford cable
§ (Extracted strand)

0.4 : :

0.0 0.5 1.0 1.5

Prebending strain €, (%)

Fig.3 Normalized critical currents as a function of
prebending strain for CuNb/Nb;Sn strands and cables
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Performance of high strength Nb,Sn Rutherford coil in high fields
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Voltage (mV)

LT

CuNb/Nb3Sn Rutherford coil
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.= 1823 A (0.1 uV/cm criterion)

-0.3 1 I [ L
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Fig. 1 The voltage of the Rutherford coil as a function of
operating current up to 1900 A at 4.2 K and 14 T.
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Fig. 2 The strain of the stainless steel tape as a function
of operating current up to 1900 A at 4.2 K and 14 T.
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Mechanical and in—field critical current properties of REBCO coated conductors
and electromagnetic force test
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Fig.3 Tensile cycle test at 77 K
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Development of REBCO insert coil for a cryogen—free 22 T superconducting magnet
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Table 1 Specification of REBCO insert coil

Tape width (mm) 4
Tape thickness (mm) 0.23
Tape length / pancake (m) 61
Inner diameter (mm) 96
Outer diameter (mm) 180
Height (mm) 227
Turns / pancake (turn) 140
Number of pancakes 50
Inductance (H) 2.5

Fig. 1 Photograph of single pancake coil

Table 2 Specification of single pancake coils

Coil No #1 #2
Tape width (mm) 4 4
Tape thickness (mm) 0.224 0.222
Tape length (m) 53 53
Inner diameter (mm) 94.6 94.6
Outer diameter (mm) 169.8 169.3
Height (mm) 4.25 423
Turns (turn) 126 126
Inductance (mH) 2.8 28
Tape [ (77 K, .sf.) (A) 222 230
~ 10°
§ o #1
7
E 107 L o # 5 J
2 [e]
S 10% L & |
B @
g g
D 107 e
10 Current (A) 100

Fig. 2 £~ characteristics of 2 stacked pancake coils at 77 K

~ 10°
§ ® Dbefore background magnetic field test
= 107 L] o after background magnetic field test .
©
S 10t E |
3
[
@ 10”7 g
100 1000

Current (A)
Fig. 3 £~/ characteristics of 2 stacked pancake coils at 10 K
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Fig. 1 Progress of cryogen-free hybrid and
superconducting magnets. Solid symbols indicate the
magnets developed by IMR, Tohoku University.
Bracketed symbols mean the plan.
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Relationship between maximum magnetic field and superconducting wire usage of a SMES coil
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Table.1 Specifications of solenoid and toroidal coils

Stored energy [MJ] 20
Aspect ratio 0.262/0.6
Operating temperature [K] 10,20
Current road factor 0.8
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Fig.1 I-B,, characteristic curve of Bi2223 toroidal coil
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Fig.2 [-B,, characteristic curve of YBCO toroidal coil

SEXH

1. K Togano, et al.: “Microstructures and critical currents of
single-and multi-filamentary MgB2 superconducting wires
fabricated by an internal Mg diffusion process” Supercond.
Sci. Technol.23 (2010) 085002 (7pp)

87 20134 ERFKIR 147 - MEES S



3A-p07

I A Vsl

BT ARGINEDT—TBMERANBEE/NLRAaSIILDEEER L 2
—EREBNRICRITT EIG/NI— DEE—
Improvement of superconducting pulse coil
by use of tapes with high aspect ratio of cross—section 2
— The effect of operating pattern on loss reduction —
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Fig.1 Principle of the new method to reduce ac losses
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Fig.2 Frequency dependence of the reduction rate of ac losses
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Superconducting Whole Body 3T Magnetic Resonance Imaging Magnet
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Table 1 Specification of the 3T Magnet

HAT HEE KPR 2y H
CRNINT S 3T

el By KA ERE—R

fog 22 e 0.1ppm/hr

VAR E WA/ EER

GEEERCRCREN NbTi 26545

HIERGG T42) | 2.8m (FJ51A) X 4.5m (filhJ717)

Fig.1 Whole body 3T MRI magnet
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Fig.2 Leakage magnetic field analysis (B=3T)
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