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Abstract

We developed multipole permanent magnets that have a variable main magnetic harmonics. One is a Quadrupole
magnet for ILC final focusing system. Another is a sextupole magnet for focusing pulsed thermal neutron beam. In
order to evaluate the variation of their main magnetic harmonics, we also developed a harmonic coil with tangential
single-turn coil. The systematic error based on uncertainty of the coil wire’s position can be reduced by using single-
turn coil. We measured the wire’s position by using a pair of attracting pieces of 10 mm square flat NdFeB magnets
generating a cusp shape field, so that the influence of the coil position displacement was estimated. We estimated the
systematic error less than 5%. Then we measured the variable magnetic field of the permanent magnets multipole. We
observed high values of higher harmonics compared with a result of a simulation.
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Figure 1: The coordinate system of the shaft.
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Figure 2: the construction of the coils by using FPC.
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Figure 3: printed measurement data of a coil with
maximum opening angle.
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Figure 4: printed measurement data of a coil with
maximum opening angle.

T mH R COAR LD -0, Eiia X N &2 T
HILENWTED, ZNE TITKARBA Z VT ik
SEHUHPIRRIE AT DT A MBS SHv, B0 e
REICET 2 HROIG., B — AT 88k L
OREN I TWSH[1], 2L, Gluckstern's model
RV 5 DDV v F MR AT % AH %Y [AldE X
52 L CHREERIZE & EHL L T D (Fig. 5). Z DRl
Wi, B— AT E T OS2 K (= 300[mm])
IZxF L CoO GLFEZHIE L TIT 9,

Fig. 5 13X KEK TOHE & A FEFARE LI —F=>
Jaf NEDREROWEKTHD, 74T AT D
fEF, KEK THIE L7ZBEOT —& & Bn—E%Z /R
LTW5b, Ll BAZE ST AKARAIZ X 2 feik
AR VUMBRBL AL, SHEBBIGALY B & VUARELYS AL
53 By Db By/By D3R A 35 72 L TN ey, —f%Y
UG AT & VERL L7235 6. UGS 5y LAAMIZ b

- 1176 -



Proceedings of the 11th Annual Meeting of Particle Accelerator Society of Japan
August 9-11, 2014, Aomori, Japan

IR DRGSRy S Fi, I\ W72 OYBNIFET D, Zh
DlEE— Ak L CTERUADIERZ T 5 72D
HAREF LY, YIalb—varnbBEHINAH
FRAEIZA 72 < &% ByBo<10™* Th 2P LAy D
e S ERAE LTV VDT AEBRETH Y .
HIEfIX KEK, REKZFZD EDH S OFER T ByB,~
10° Thotz, ZHIEPMQERKT A4 E—A
DNLEDREREDRETH D EEZOND =D,
BUE, MLANL T, HEFIEORF DB MLETH D,

3.2 ANhRtga

BADOWE L & OB EFIL, IMHELEIC X
V) 5 RSO A B OREEEIT IV B NS,
HHBEEZREXLTHEDICIEPHETHRESY LT 5%
BUETH D, PHEFFITBERE, L <idm
HORL 1 DAZRE SO T K 2 D g — A O Hpk IR
NETHDLIN, Wb 2 RRBEEFIETHY
EICER A A N el = = SN S N = € A A 7Y e
b PR A2 B A - o IZ BRI TP IR A B
AL EEARL TR SRV, FIFAERRLNS &
WOHRIENETL B, DT, /N FRIO R PET
oM EEE L, THETEES BT 5 038R
ENnTWn5,

kL XL LT, MgF OME L > XNTFELE
T 5, ZHITLMTREICEENTRETH D0, E
KRBT BREERH Y | A —A L
EHTDZENTERNEWVWI RARD B,

ARSI F ORRE— A > N EFEEMA L,
RIIIG U T — L 28R S5, BIERTE
D HILTN DI — R KD HFHETFIROIFE A
El/7 IV AREFE— A TH D7D, 2L R [EH
LG E2EHEIED 2 L T OV ANDIRWERED
kT2 - ORI R S 2 L TE D,
Rl R i O k- 2 R IR RS EH 2 L DT
X LR A & L TR S vz @72 Mod-PMSx
(modurated-Permanent Magnet Sextupole) T 5, 27~
S5A &V JRWERFEIROEN A EIEL 72, Fiz,
WHE/NMEELETHOORAERE LY bRV q
SFERED A ERRIAD D, iR DR DT DIZL R
BESBRRNT 24T 0 Fid. AN E 0 _EOERBES D 0
E— Ak T 5 EEm LD ETHERCTH D,

Mod-PMSx XN, 4hid >0 Halbach o7k
DWEA D> HAERL S 417 Extended-Halbach T v |
Wil DR 3 VLB DO @ S— A Y a—)b
ZHOWTWD, A7 HEERIE 7.5mm] TH H, /LA
T— X —THM & Al S D 2 & CER A 2R R
EEbZFEB L TW5, Fig 7 ZINn—F=v 2/ aA
NTHESNT—% LEEETH D, BEHEDE
A= 7 e =TI X H5WEND 65[mm] & KD 5
Nz, R %E 7mm| TEH L, kT3 &,
SR FAEE 1% LN TH D LR STz, ZHipk
SiEvIab—va B LR, PMQ EH
Ry R alb—va R TRELSBHIS Iz, FF
[ DURR(n=2). J\F(n=4)B&5H 2>V TiT 10° DL Bk &
< Bl STV B[Fig. 8.

PASJ2014-SUP068

Figure 5: A Gluckstern’s PMQ model.
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Figure 6: PMQ’s wvariable Quadrupole component
compared between at Kyoto and at KEK.
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Figure 7: Mod-PMSx’s variable Sextupole components.
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Figure 8: Mod-PMSx’s multipole components at rotating
angle of outer magnet 0 degree.
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