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Abstract

Permanent Magnet (PM) technology is becoming increasingly important as a replacement for traditional resistive
electro-magnets for particle accelerator facilities. The PMs are possible to save costs for both construction and driving
the facility due to the absence of a power supply and cooling system. Furthermore, the PMs have other benefits such as
reduced failure frequency and mechanical vibration with cooling water. For the SPring-8-II, a next-generation low-
emittance light source, we have proposed and demonstrated PM systems with dipole configurations. There are also
required a quadrupole magnet (QM) as combined function bending magnet. The QM must be splittable into upper and
lower halves for installation of vacuum chamber. General electro-QMs are able to split in half without the influence of
magnetic force by non-excitation. However, permanent magnets invariably have magnetic force and are difficult to split
in half due to the attraction. In this paper, we report on the design of PM based quadrupole magnet with a splittable

structure for SPring-8-1II.
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Figure 1: Configuration of permanent quadrupole magnet
for SPring-8-II.

3. KAHMABENBHADHSFE

Figure 2 1T, ARKAMeATLVURRISE A ORLR O P E
TR, BEHRIZ US> DI— 7D h a2 %<k b, KABA
\ZEV AR T DRSS R E — DALy T 572D
Feads We 3R D3 LIS U\ K AR A D )R e (Fé At 5 7))
V3RS Uz, FT2, KARA L3 — 7 OTIRERER I
Bl 35282k, E Toa—rME RS R A O
Too [RIERIT, Bt B DR b A2 1T > T, Fiz, K
DA DT DAR—=AL /NS T HIET, EAOI—7
ZVEDRE A Y | W R A 2D A DA R e 3 D36 A2 1T
FIFHTAZENTESD, ZOAR— AT, Bib TRt %
Bl 352kl fods ORERR A R FR 23 s oW 5 12 &
DAL EHRET BT~ 0D DANR—H R BIMLETHD,

A7 BB AVDIE A 0D 2% < 7S P RBRESE AR 5 L 2 1] 20> > C P
RIS 5 % S 2R AR AL TWD S, AT — 7 % K
R KRB DIa DR Z 2 L IXTE A, Zoa—7
D JEHER » KA R DRE R A | IR | B A
4 ORCE & AT IS LT,

ARBEKE AL TIX, BRI 200 — 72948 ik .
HEAE A IS L322 TRYE ST W TAY RS A
ADD, LIPLIRING, 45D — 7 O I JENT - AN
D, WA A S E OIS D3RI DR DT=8 |
AT NG AT R D R A i) CUR e A~ DL W B
ThD, ERETIZ, 7L — AR TR AR ~D

.................
----------

.......

y
L |

......

[EEEEERERERE

Yol dt i o K N u

[ WY
e

B ol ol o

\\\\\\

o

~~~~~~

NNNNNNN
.................

Figure 2: Magnetic field of permanent quadrupole
magnet for SPring-8-I11.

514 -



Proceedings of the 20th Annual Meeting of Particle Accelerator Society of Japan
August 29 - September 1, 2023, Funabashi

NDNTHE%ERET D,

Z DK INMEAT T VUM AT 1%, T\ M il 25 M 2 BT
EL TR, 2 PE DO BRI B S O RES R E O K 22
NE02% UTFTHHZENRDBND, BVETLHEED
KATEATT 7 O B OABEARZE T, B DU AR S 35 A
@ﬁﬂ*ﬁ@“é CIXREECHDT D | BRI\ E

TR DR ETRT CD, BERLA A DIRFEMifE o e
nﬁﬁﬁﬂ) VORI 7 5 e~ 3 5 720D | k& 72T
SO TNV TH D, Olémm DRV OFRE AR
SEMFEL T, EADOHMBE OB K EZS v hSERIE
V2R DUARREAR e S OB R R A R FE 3%, AR VN

AD DM R F T ANTART S BFF 16 AR IE T 5,

FREEAR VN, ER IR ANRES EFRIE T HIENTE,
WG DFEEN R 5 T D, FEIWS T 2% DR
THEE BN ATRECTH D,
ﬁ&@ﬁﬂlﬂ@@ﬁ@”/\@l@% ez VIRV AR
RS EILA MRE Fig 3 1ORd, YA —ra—
7O T EIEICREI ARV, RS oW 5| 1o
HTHDHIZD fﬁ;@ﬁﬁﬁﬁﬁ ;w&ma*wrm
DN EINAIRETH D, FFICEBROITHERF O /3 EfE
EXQEN Tﬁﬂbfzva%Fﬁu\flﬁi ZETY¥S @EﬂE
MIMRAZZE 720, DB A =B IH L= 35, FILAR
LMD 30 mm%zf@?'ﬁﬁmé’/“ FARZEIZID, WAk
For O A EITIMAT 50 kg FRJE @iéﬁf et o8l T
BN TED, ZOHAM T, 7%—/72)%%%@@@5
DN EWEEE I ATHZ LN+ AIRETH D,
@7v»—/>&ﬁﬁu\flﬁl$’ﬁﬁuﬁ@k?¥ DETHIE
%@Iﬁzi @EﬁxEOD"/\iM/E%%ﬁO_kkH ETH
%, A O EIEEICIX, ERELKR - 4 HKELE
)T UL NN ﬁ%ﬂ%uf@ﬁf? i%ﬂ%@ﬁ%ﬁ’ﬁﬁf%
THD, KABA TR A X, T OVEENRE 27
DWIVEDHICREIEENTEHLEEZLND, HHMT

DRGATRRE N TR SPring-8-11 [ TEHE RIAD
60
4. F&OH

T 2 A S O TR SPring-8-11 (A1) T

TR AT T 0 DK A A B DU AR A0 DR B - et &
1Tl KABATL, BIRMERRZE D ARETHY
BRI ARNHCEDI A A THHEN 2, H T
FNF— B — AL ERE L DAY RS, FH

500 --e-e & e s RS

1000 -+ S T S

@
=3
3

-2000

2500 -5 s

Force [N]

3000 4+ S

3500 -+ . Tl

4000 -+ R I S R

-4500
0 10 20 30 40 50 60 70 80 90 100

Split distance [mm]
Figure 3: Simulated magnetic force as a function of split
distance between upper and lower halves of the permanent
quadrupole magnet.
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