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Abstract

We have started the development of a superconducting multi-pole wiggler (SC-MPW) that aims to be applied to next-
generation light sources in KEK-PF. Compared to the widely used superconducting wigglers, the SC-MPW has a
relatively short period, and is expected to be a key light source device for the generation of a hard X-ray while maintaining
a low stored beam energy of 2.5~3.0 GeV. To obtain a high peak magnetic field of about 3 T in the center orbit of a wide
gap with a beam orbital region of about 30 mm, as to apply it as the vertical SC-MPW too, it is essential to use Nb3Sn
wire, which can achieve a higher critical magnetic field and current density than NbTi wires, for short periodization of
the MPW. Currently, we have completed the first prototype of the basic coil unit consisting of three poles to obtain basic
performance data of the NbsSn coil. Now, we have succeeded in an excitation test in the low current of 300 A. We will
report on the overall conceptual design, the production of the prototype coil unit, the excitation test results, the preparation
status of the test bench system for the high current test of 800 A or more, and the annual schedule.
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Figure 1: Test-coil unit in conceptual design.
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Table 1: Target Values and Parameters of the Test Coil

Parameter Target values Simulation
Gap >30 mm 32 mm
Length for two poles <80 mm 80 mm
Magnetic field period <80 mm 64 mm
Peak magnetic field 30T 20T
Total periodic # 8 1.5
Total pole # 18 3
Total magnet length <700 mm 135 mm (137)
J@7.5T, 42K >1100 A/mm? 1000 A/mm?
Turn # of wire/pole 220 235 (492)

Figure 2 (2332l —1a TEMAK(LLT: SC-MPW D
R EIRL, RFE LML D ERE ST A— S — %
79, PF @ SC-MPW TiE, EABIE W zaA/VZE
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Figure 2: Simulation model of the test-coil unit.
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Figure 3: Magnetic field distribution by 2D simulation.

PASJ2025 WEP041

—Hla e O ERE L THER T2, AEVE
P2% 50 mm & HTET, ARG DI Xy 7 UL~
RN 59D, ZOAANBEIAR—RT, KEIC
FLOWFHETEAR DT A ¥ —Z W N TR ST 5 & 235 H—
CODBER A BB TES, ZOROTAY —HT-WDE
fE1X 791 A/wire (~1000 A/mm?) TdhD, IA/LVINE KRR
BRISEHHT 6.0 T IZET 5,

Figure 3 |2 2 ot _ECRE M &0 HLEr i o
We 5 Ai% MAFIA 232l —3 a0 TR RA 77,

4. TFARAPaAAIILA=Yh 1 SHEREESER

Figure 4 {27 AhaA L= hCHE % NbsSn 7 A
Y—OWiH G EE Table 2 I[ZFD## %4759, NbsSn 7
A —I1E7 e XET JASTEC (BF) I X BlfEs -,
TARAA 2=y hOFUEL JASTEC I2X5HDThH D,

Stabilized cupper

Nb barrier

Nb,Sn filament

Figure 4: Cross-section of actual Nb;Sn wire.

Table 2: NbsSn Wire Specifications

Item Values
Wire dia. w/o insulation (w/) 1.2 mm (1.36)
Cu ratio (Cu/Cu+Non-Cu) 0.3%0.1
RRR 349
Barrier material, Filament # Nb, 28177
l@7.5 T, 4.2K(average) 1040 A
Turn # of wire/pole 220

R FHIZB W, VA Y — S =0 D EHAE N
791 A/wire T ANV KRR 23 6.0 T THAHZLE
MH, UAY —fE i L B E G RS R L TR

Nb,Sn wire cover for NbTi-Nb,Sn joint part NbTi feeder line
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Figure 5: A completed test-coil unit.
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Figure 6: Setup of low current excitation test.
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Figure 7: Results of low-current excitation test. Plots show
the histories of excitation current and test-coil voltages
with lead line and without lead line, respectively.
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Figure 8: I-B curve for JASTEC Nb;Sn wire. The triangle
plots show the magnetic field simulation results.
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Figure 9: A completed secondary prototype.

PASJ2025 WEP041

MMEE NI L, EIRM OME ORIRO T mtEE R
FHHEEL TN D, PF ONIEHEia% D HOF] 2 AL, 5=
B — AL DRl & D TRY[12], &R OTERED K
FHRERIE T CIRFFSNAEMITEGLZENEHEETHD,
KEBTEEIERBR TIL, 7o F W RS 2T 20D
Nb;Sn -84 5HE S R B O AR - CTERY | Fii- 728l
DE AN SILD, BT o FARIRE E O NHH]
WEWIRE W ZNELLTRY, 72T FIkmour vy
O EE b s, RO EEA L AR HALH[13], BRI
HAB AGE TR DR A T 30 ms LL T OB K# B o 5
WAL A FBLT D7 DI EAR AL T I LD g o A
TLEAOHBBETH THDL, vy 7O EHETIX
FPGA [RI& &~ /LT DAQ ZAHAGHOE T AT LD
DK S PGB 2 OV AT D~Du Y v 715
B OEZIEVAT M EZFHENT HEHE ThHD
T ARIA L=y T, F 3L F 4 R Ea A Lo E

D3FHHEISFUTISY, NbsSn FAf DS DE, DT 154#
MORA, Re R E B EN O E LG 15y
B RES S E DR D T- 80 Db, RE TR D
BT DM O E R M EDOM AL DRICL DB
L EVEDFHIZRE DD BTV EHE TH D,

it

ARFFEIL, 8 RV — NN 2SI 20 A ) B
AW FERT I LD B o S Brire b o — R &L T
JF Research and Development {220 3ZhESi7=,

SE X

[1] S. Yamamoto, “Construction of an in - vacuum type
undulator for production of undulator x rays in the 5-25 keV
region”, Rev. Sci. Instrum. 63 (1991) 400.

[2] T. Yamakawa et al., “A CONSTRUCTION OF THE
SUPERCONDUCTING VERTICAL WIGGLER AND ITS
OPERATION IN THE PHOTON FACTORY”, Nucl.
Instrum. Meth. A 246 (1986) pp. 32-36.

[3] K. Harada et al., “Conceptual design of the Hybrid Ring
with superconducting linac”, J. Synchrotron Radiat., vol. 29,
pp. 118-124,2021.

[4] Photon Factory Hybrid Light Source, KEK, Sep. 2023,
https://www?2.kek.jp/imss/pf/pf-hls/library/
pfhls_cdr_ver1_English.pdf

[5] H. Saito et al., “Proposal of a vertically polarized
superconducting multipole wiggler using Nb3Sn coils”, J.
Synchrotron Rad. (2025). 32, pp. 934-941.

[6] N. Nakamura et al., “High-power EUV free-electron laser
for future lithography”, Jpn. J. Appl. Phys., vol. 62, 2023.

[7] K. Ohmi et al, “Design and construction of a
superconducting vertical wiggler”, Part.Accel. 33 (1990)
129-134.

[8] K. Zhang and M. Calvi, “Review and prospects of world-
wide superconducting undulator development for
synchrotrons and FELs”, Supercond. Sci. Technol., vol. 35,
no. 9, p. 93001, 2022.

[9] M. Ando et al., “Design of beamline 14 for the PF vertical
wiggler and its operation”, Nucl. Instrum. Methods Phys.
Res., Sect. A, vol. 246, no. 1, pp. 144-148, 1986.

[10] EEFARFNR, “LHC SBEELT v 7 7L —RD72H e
— L0y B s BN BRFE ", 2017 4R 52 & 3 77,
pp- 149-156.

-309 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo
PASJ2025 WEP041

[11] K Suzuki ef al., “Test Results of the First Series Magnet of  [13] S. Nishi ez al., “Evaluation of quench protection system for
Beam Separation Dipole for the HL-LHC Upgrade”, IEEE the HL-LHC D1 magnet with an advanced simulation and
Trans. Appl. Supercond., pp. 1-6, Aug. 2024. its extensive application to new superconducting insertion

[12] H. Saito, et al., “Evaluation of radiation tolerance of devices”, PASJ2025, Tokyo, Japan, Aug. 2025, THP060, in

impregnation resin for Nb3Sn superconducting multipole this meeting.
wigglers”, PASJ2025, Tokyo, Japan, Aug. 2025, FRP036,
in this meeting.

-310 -



