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Correction of dynamic multipoles for APPLE-II undulator with flat wires
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Abstract

APPLE-II undulator can produce quasi-monochromatic light of different polarization though it is a relatively simple
magnetic circuit. Therefore, it has been installed in many synchrotron radiation facilities and will be installed in Central
Japan Synchrotron Radiation Research Facility under construction in Aichi prefecture. APPLE-II undulator also has been
installed in UVSOR facility. When the undulator is operated in vertical polarization mode with narrower gap of 40 mm,
the lifetime of electron beam through the storage ring significantly decreases.The reason is considered as dynamic
multipole kicks in the undulator, which strongly depends on the undulator gap. Multi-wires, which are installed in the
upper surface and the under surface of undulator beam duct, are candidate to compensate the multipole effects, because
the multi-wires can generate arbitrary magnetic fields. This paper reports the result of numerical investigation on
multipoles in the undulator by a three-dimensional magnetostatics computer code RADIA, the orbital calculation based
on the numerical analysis and the preliminary experiment with flat wires.

vNFUA ¥ —IZLD APPLE-I & T Va2 L —FD
dynamic multipole i 1E

1. [FC®IC

APPLE-Il U7 o o b — & [T bl g Bl 7o e < A )1
BThHO RN okkA RREOERANZERTE D :

2. RADIA IZ & B HI5#24T

UVSOR U7 ®EF WAERR

DB EL OREIEHR TEAINTWD, BIfE
ZHIR T CERPMELSDOHLPH 7 a hr v
Sehigk () TOEANTEI N TN D,
SFRFERERT RmsE s oEiEX (UVSOR) DF
HU 72 APPLE-II 7 Yo L—% (. UT)
MNEAINTWD, FOT Yol —&ERHREE
EF—RCTEBLEGAE. 1ok 7 ol —
X 7N 40mm LLTFIZR 5 EERMY v OB T
E— AFEMBRIBIZHDT D2 EDRERINLTNS,
THET V2 =R ERT LN b ESRE TN
& U 5252 & > CTEFOEBN AL EICRD
ZENHHBETHAREERD D, TOTD, TV
Vo L — X HOLNEY A ET AN S D,

1600

O
—1200 - m—= =
jan}
E o
ﬁ 800 —
4 ]
| L
4 400 =
ﬂ | | | |
0
20 40 60 &0 100

gap [nm]

®1: ¥y PRI X HE T E— LA D

# kikuchi.yoshitaka@e.mbox.nagoya-u.ac.jp

-983-

TV a L— X RO & IET 5 72012,
EEOT V2 b —FFIZA LT TWAEENED L
NN LTV NETRRDNERNDH D, DD,
3 WotEtE o — F RADIAPZHWT, 7o Y2 b —
X ORGSR EEZFHE Lz, £ 1IC45EFHME L 72
UVSOR U7 D/NT A —Z %R, £, TDO/NT
A—H|ZH3%, RADIA RICIERR LT ETF L %2[X 2
WZRT,

%1 : UVSOR U7 O 72 4%

e NdFeB
WA~ ME 42 x B & 37x JEES 19mm
(FERE(L) 18 42 x B X 37 x JEX 12 mm
i A
(HEREAL) 1R 42 x /S 37 x JEX 9.5mm
JRHE 76 mm
JE %R 38
i 2945 mm




Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

2 : UVSOR U7 ®ETF VX

2.2 BEGIEATRE R

2.1 TIERR L7 T V% T RADIA TG RHE
iToT0, EOREOFNK I3 (a) .
X fAS AT, Y filias v — aiEf ﬁm Z i3 i
BEhHmERoTND, ZTNOLOHEMEEY RS &
(a) TIX Y #HHA~THHR T — RORHETH D

ﬂﬂ;ﬁéﬁfmki—ﬁm& Bx 2334 L TWA Z L a3
WTE D, £72 (b) T, B Bx 2 X fili )7 M OAL
&iof%wkbfwé Lo x=+ 20 mm D
METIZY Ha~BE L CHLEEMNMEFT0NEES
—ETHDHZ EENDLND,

Bx[T]

ol | |

u|f y ol 2s0d! 000
_02 L
I

X 3 (a) : AKFREE Bx @ Y #ih71a~0 FH#IRZE L

(ftm)eEe— K, gap=24mm . x=2z=0)

KRS Bx O X-Y F
( HWYEE— K, gap=24mm .

X 3 (b) :

(b) THH,

3. RADIA [CKBEFE—LEESE

3.1 FEGIE
RADIA & X D5t R L 0 5752 v
U7 F A2 ER T H5EFE— A@Enlﬁ%n'l‘ﬁbﬁ_o &t
W= E DL FICRT,

- BXB
dB= B)

F=B-ds
+

ds

—
[R—

dp

FT=T+dT
ZZT, B=v/c . BB [T]. s Y #lim~o
BE)E, [Bp]2® Magnetic Rigidity [T m], r MLE % &
H5bLTWVD,

3.2 HUEFHREGER

EXEAHWCTE T E—2EEHE LR —
BlZ B 41TRT, 2 O RITHER LT — Rk T
HE— AN Y @M ~ETT 8, ETE—LAD
Z il (FEE) HF~OE#E 7 7 712K LTZHOT
HbH, ZOMRERDL L, BEFE—LT Z EFIAIC
VeATIERN T A2 b, T2 —2 b5 AIC

ITE B — A0 Z ®i5m CARFEICHE TBEI LT
é L. T U Ve — Xy v IR BHI1TE
E— ADIRBPBRELRDZ ENRINTND

F7o. K5I —AnT P2 L—XITARHEN
HEEOXE OKFE) FHROMEx [mm]ET Y=
V—&ﬁﬁ%@E~A@%y?ﬁthm%7?7

WCRLTEEbDOTHD, ZNERDE, x=0fELTO
a4 1T 4 BRGSO & DFE3, x = 6mm HTIZ 7
D L SRR RN TND 2 ERbnD,

lml
I
G g

o

o
ELL e

X4 : fitFEE— R TOEFE— Ll a5k R



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

EDB—
= f‘
025 .‘.
- L]
m: %
-
]

“’\Jﬁ:\\’; *

s P

‘.\;.3

ai|

5 : fitRIEE— RCTOAHE x[mm]E T ¥
L— @itk O x> 7 ff x[mrad] O BELE (gap =
24mm)

3.3 EBREER L otk
X5 DO X %2 Ak & LT, BLTFoRUcRA
THEFa—2v 7 MAVERDBZ ENRHKRS,

Av=—PZ rk
4

ZIT, <PiETrva =0 B BEEOTHE
T, ToValb—2H00 B B P = 10.03,
B*ee = 1.51 MBEM L=, ZOXEMH > CTHER L
ET—RIZBIT2&X+ v 7 TD x = 0 TOKELM
Fa—rTT M Ay EEBESTMT 22— 7 b
Avye ZHH L, EBEICHE L U7 OF 2—2 v 7
Mt L7z, ZO/EEZK6 (a) . (b) 77,
ZOMRERLD L A Avye EH 5 B EFHEE
EEL IS —HLTWBZ ERbns,

007 —
0.06F . ETHIE
» m AFEE
005 W
;. 004 2
= 003-
& ®]
5 oozt
001k [~
i] 1 * ] Lt 1 1 1 -
20 30 40 50 &l 70 30 a0 100
gap [
B 6(a) : FF ¥ v T TD Avpoy DFHEIE & HIEED
i (HEREE— F)
gap [mm]
20 = a0 50 a0 ol g0 B 1m0
1} T T o T T T g
2 -
y & o %ﬁ'%%
< JIFEE
Zranip o
e s
E <@
amp ¥
003

K6 (b): %X v v T TD Avye OFHEAE & REMD
el (ftmee— F)

4. 73v bIANY—ZRAW=-FRHEER

UVSOR 7U DL DM EIZIL., 7P a b—
FAE—ALX 7 FO e FHEIZERAROH O~
Ty hUAVP—%EFREL., FHIZERE A ULE
DALE A 2 B OB 2R AESE D L) HEFD
MAZFELTWS, FOHETITERZETLE
77 UL Y —ZIZEANEL, ToPal—4D
KATEANIED HID, DD, BEREOT T
NOA Y —ORE LR ZRHAE L, SBIEK 7 1R
THEIC3 mmx 03 mmD T Ty FTA¥v—14 K% H
WTCEAFIALY—2R{EL, VA Y —%EINZD
& 10A OEFHREZFHR LIZBEOEE R 2R L1,
ZOREREX8IZRT, 8LV, v~ VTFT UL ¥—
ORI HIRE ER A KE L, £ 20CEH LT
WBHZ ERNbnDd, UA Y — L KARBA NS EET
TAET Y alb—Z Xy v 7N 24mm OFF, WA b
FREROOLNDETSHE, UVSOR U7 A SN
TWAKARA [NEOMAX — 44H| OWAFEMEIT -
0.11%/K IR TT 2D T, K 2% BAE LN EKT
T 2W - ORA OWRE R K DR EE D
KFRICEoTT o2 b —2OMENELLTLE
IR BIE, TR ST ORE LS BRI 5,

. 7
\ ’ Za

50

5
&
&
B
30 — P2 —
B
— 1R - L
25 1 1 L 1 1 1 1
0 1000 2000 3000 4000 5000 6000 7000
Titne [sec)

8 : FEfix 10A EHIEL T L7z~ /LF U A ¥ —
DI L&

-985-



Proceedings of the 7th Annual Meeting of Particle Accelerator Society of Japan (August 4-6, 2010, Himeji, Japan)

FIEICHELGERBEDORE
BEFHFIC LY TSNS UT ORGSO
EIC B R 4 2 RITRFH =2 — 1 POISSONP!
Z VLT LT,

T UT HERIEE — KO ZMWELG ALY & # 5
LB BERBREE R T 5, BS 1 BRE
JE AB D fE% % Magnetic Rigidity [Bp] D& 1 & —
AWRETTHERICE 2 b NS RIAAITKRATEZ D
ns,

5.

_ABI

[Bp|
X 5123 W TEMBES AT BRIV TN DET T I
KO KNI 03 mrad THY, 11Z7 V=21 —% U7
D4FET2945 m, £72 UVSOR TIX[Bp] =25 T m
Thbd, 2NHOMEEMRAL, AB Z#RKD D LK
2.5Gauss &R o7-, Lo T U7 OLNMEE %Al Fd
BIeHOIZIET7 7y FIA Y —IZL > T 2.5Gauss ULk
DWHREE 2 b TG B ESEDIMNERH D Z
EININD,

&IZ. POISSON ZFHWTEFDORE 7T v N T A
Y —IZER AL 2.5Gauss DRGSEFEAET 2 0
BLTz, TOENTFOKI (a) . (b) THhD.
CORRTIE, 77y FUA Y —ICk o THRAELT
WD BEGDY, AR T R & ZMBEG RS & Ll T B85 5y
i Td Y I KK 2.5Gauss DIERBE ZFi->T\b 2
EMHERTE D, LML, 20k e RES
HHIET7 T PUA Y —IZ 30A bOBHRE RS2
FHEAR BT, BARSEORBEIC LY AEEHRE LT
WAHMIEIEZZ O EE UT ICEBATHOIFHEE LV,
FIT, 77y NIAY—DOWHEEEZ KEL<THZ
ETCHRAEBEMZ D Z L0, MOREERE LM
HEDETCHES Z L TEMBME /NS T HEOXR
EEBRBRATT DMENRD B,

’

[4 9 (a) : POISSON IZ L DRt I 2 L— g

/
/
/

X

20 30 40 50 6l

{cm)

9(b) : (a) THAETHWAEE (R - KPS,
i - ER)

ETEH
UVSOR U7 OfiERIET— NIZH T D SAmbsiin sy
DIED T8, WM, BT v —ABEE, 7
T NUA Y —ORE ERNE, YLEERMEORG
AT o1z, WG ClE, U7 HOBGN ED X S
W L TV D DFET D Z Rk, BFE—24
BLEFFEICRB VT, U7 TOMIET XX S5
Ry RS D 2 LSk, F - uE R ORE R
L0 Fa—rv7 hOEEFH L, UVSOR U7 TD
HWEBEE KR LEZEZA, I —F Lk, FsH
BREARFT I, 79y NIA Y —IC k28
HETR M RIS DRAEPHERTE, VT UL Y —0
KT & B B RS DRIED RaE L 2157,

L, BHERHSERESE DO RE R
BB ZLELE L, UA Y —ORAEBEDORENE
Ch, TD, SH%ITFEAEBEI 2 555 L B

HEMZDARFELRFT L2 TETHD, DR

6.

U7 IZZOMIEEZB AL, EREIC S % #1E
THLEERADTETH D,
SEXHR

[1] S.Sasaki, et al.,“A New Undulator for Generating Variably
Polarized Radiation”, Jpn. J. Appl. Phys. Vol.31 (1992) L1794-
L1796

[2] P.Elleaume, et al.,“COMPUTING 3D MAGNETIC FIELDS
FROM INSERTION DEVICES”, Proceedings of PAC97,
Vancouver, May, ( 1997) 3509-3511

[3]7J. Bahrdt, et al., “ACTIVE SHIMMING OF THE
DYNAMIC MULTIPOLES OF THE BESSY UE112 APPLE
UNDULATOR?”, Proceedings of EPACO08, Genoa, Italy, (2008)
2222-2224

[4] http://www.hitachi-metals.co.jp/prod/prod03/p03_01.html
[5] http://laacgl .lanl.gov/laacg/services/download _sf.phtml

-986-





