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Abstract

NanoTerasu, a 3 GeV high-brilliance synchrotron radiation facility, started user operation in April 2024. Five of ten
initial beamlines of NanoTerasu use APPLE II undulators as insertion devices. APPLE II undulators are able to generate
linearly, circularly, or elliptically polarized synchrotron radiation with a single undulator, however, they also induce a
multipole magnetic field, which has complex adverse effects on the stored electron beam. In NanoTerasu, copper multi
wires with a thickness of 0.14 mm are attached to the top and bottom surfaces of the vacuum chamber for correction. The
multipole magnetic field by APPLE II undulator influences on large amplitude beam such as injection beam particularly.
However, no decrease in beam injection efficiency has been observed in NanoTerasu even when all 10 initial beamlines
are in use. In this paper, we report the method for the correction and the measured amplitude-dependent tune shift.
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Figure 1: Calculated kick angle by APPLE II undulator as
a function of beam position x for horizontal linear, vertical
linear, and circular polarization modes.
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Figure 2: Calculation results of cancellation of undulator
kick by multi-wire correction.
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Figure 3: Structure of multi wire used in NanoTerasu.

e a
I R
= —

--/—-
el A

| Polyimide | ‘ Cu wire | 0.5 mmzs mm

{/’

7
7

N

Figure 4: Jig for positioning multi wire.

0.002 r ; . ‘

0 - \‘\\ s
-0.002 t

-0.004 |

-0.006 - \ _

Betatron tune shift x

-0.008 |

Calculation |
& Measured

_001 L 1 L L 1
15 10 5 0 & 10 15

Wire position x [mm]
Figure 5: Betatron tune shift (x direction) when current is
applied to each wire pair individually.
X FHOFT IR T 0.4 mm F2E TH-72, x HHD
TNDBREDSTETNTIAYIZOWNTIL, TAYDJE
BEFNEE O ETHIEEROHEET-T,

4. TFTHOT4TIEHIE

TV al —ZEREEEOE — A~DOEEL T2 DT
Xy 7 Rl SO FH BIR BN IRR va%U%ﬂ?@*ﬁE%m
BT ITAT WA DHERDHD, D), 55y
w7 COMY A IE B T2 Al ;k&bT 711/{I:Lt
2T, BEDOX v 7 KON FHOIREE AL T —
TIVE I EEREELSED, ﬂw/7 Yy QAT
IEEMEBROEALIENKRELRDME BB DD, T
— 7N DOX vy 7T BRIERE T+ 3| D270
6i9ﬁ T I NDX T =2 REIIE — AN R

ol Looa&“/ﬁébto Fo NN TFIANYDT T AT IR
fﬁﬁft IT7 Tl — BB DAT TV S ERAIZLDT
TT 47 TR — LHE A 1E SR RE ﬁob%#%ét
[Fl—7 1L —ALU =7 TIToCWBb, T/ TT7RZBITET
VAl —ZBREOEAEHNIE 0.3 B THY, EIROE
MEFDINEFHEZEZEL THEET 0.5 DEEDI
BREf LT CWND, M IEEI N F— 32T val
— N ZOWTHE AT AR E R EICERRHEZTT-
T2, EBEEOT Y2l — XL EIRE NS
. BE F(x = 0)DE — LD ERF 2— P T MNIFHEE
TN EUT-, B — B x IR T A a2 e —
LINEDOIETRICEDDIZREECTH o727, x=0 OE
— LD x KT a— 7 ERAEDR 0 1225 I0H
EBEREREAr— VU CTHIET —7 NV EER LT,

5. #R

51 ~AFIAYHIEICLDZE

22— —FHDOEOIFETHOT o Val—4%H
M7 AT T v T LN E L H TEHINTT D4
BENHLTD, 22— —EIRFHIE TO~IILFIAYI
DWTHIET =7 VENERERR L=, &2 TOHIIET —
TIAERE N5 T LT-R T4 APPLE I1 7 P2l —
X % 2 ks s DB DN b REWIERE EAMRFCE—R
TW/J '\"?“\7/7 SETF;E&)\ *@E@@J%@Eﬁm %’fTO‘ZL\—O

-192 -



Proceedings of the 21st Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2024, Yamagata

ZBRESITVDAE —A~DO BB LTI, BEEhIFIC
Ty HRF a—ATEERHLNLEDD, HENHIED
FAPHN CRIEZTEOIREICHT ES T,

F )T IFTAD AR AF — A TIL, AR —A1F x A
12-6 mm DM BEIZ ARSI L1202 12
BHE —AHLBEIC AT D, £ DT A —AlEx J
MO KIBRZ > TRY, 7ol — XLl 0 %
ARz T D, LREO SR DR BN K&
DB TE =L AR EITHI2EZA ARIROE T IE
AN T, vV TF ULV EDEEICEEL 22—
—MNHBICT V2l — 2B CE DI LR TE T,

52  REERIFTF 22— OHE

o — YR EEE A% v LT UA P HIEO RN R
ZERRFET D120 | IREEAFET 2— 2 DOREZEIT 72, HI
ENT. E— A AR AN DRy —EBRAZ TN
HAITZEITHL CEKINICE — AMRIRZ(ED | B — A0
BE =XV — DR —Z N ARENR A BUS L E
WHSRIT DLV FTETIT o7,

Figure 6 ()IC~V/VFUAYHIEHEL TOT Va2l —
2X vy 7 I AIREERATFT 2 — > Db R~T, 7
Valb—H DX ¥ T HALRNEEIE — ADORIE )
RKELRDIEE x FMOR—F T o — 3 FRHHE
MHZHY, b ToX 7 EHE THIREOME R A D B
7oo BEEMRIEE—RTT L Val—2 1 50X vy
ZR/ANETHALSE, KB TOT 2 — i g s /ha
IR, ToPal—H 2 BTIHAMPHERLT-, F/-. 7
Val—HZ 2 BTN R LT HETCE AT Iy T R
F v — DR/ NR BB TEYD, y=0 TO x HFRDOX A
VI TNTF r—i% T BIRREE TR TV e, IRIEK
FF 2— OMEMPSEETDIZEDOELRHDHE, XA
FIvITNF ¥ — T BE RITLE — L Fm OB
AR OIK T L DR A B | XE T,

Figure 6 (DI~ /LT UAPHIEAD TOT Y al—
Xy T NS LAIRIE K AF T 2 — o D2 b Z R~ T, Al
EAVTIET v Valb—4 2 REEEHERFLET—RT
FﬁEf%ﬂ}ﬁf@f@%;—‘/@ﬁw@rﬂ%%ﬁ%f‘%m\
BHZENG D, bR THETIL, RIBKRET =—
UMNEEAE B2 WNIDITEIR N ETETCNDIEN
AN, ERMETIET 2 —Z Iz k> TIRE#K
FT a2—2 NP LELTEY, i ERRERERTHD
ZEDTIND, A?&T/??XODT//;V 2 HAER DR
ICEEEN RN 58I, BEDOT Va2l —2D
HHIE &R HH LL i%%bbé#l |17 %3~ DI IR 7T
22— OREITHFHTHD,

6. F&H

3 GeV i Y ftisk ) /77 A Tld APPLE 11 Y
TV al— LD MRSy 7 ~DRREL T L
FUAXIZEDMEEAL TOD, FaiO M IEER G
HANR—RZHZMF 22— LR =V 7 24T, Hf

EEBRERELL, 0.3 BERE T V2L —Z2DRHE)

E’?ﬁb ERENC A bY T EERE2{bEEgE —4

E”i“’i’%%fbbfb\é ~IVFUA AR A 2B
1”FL’CioD:L—4J‘ NHBIZT Yol —ZEEREHLT
H A ZIROMR F e L OEREIT A AL TR,
IR AETF 22— OWE TITMIEIC L - TR 2

PASJ2024 FROAOS8

No undulator (calculation
& No undulator (measured value
- APPLE Il undulator (calculation)
= 1 APPLE Il undulator (measured value)
----- 2 APPLE Il undulators (calculation)
(a) + 2 APPLE Il undulators (measured value)
0.18 L -
>< l- -'-
o 017}
c
2
T 0.16 |
il
® 015
L
0.14 |
o133 L v
-10 -5 0 5 10
(b) Beam amplitude [mm]
0.19 : , :
0.18 L i
<
o 0171L
c
=
T 0.16 |
0
& 015
[T
0.14 .
0.13 L L L

-10 -5 0 5 10
Beam amplitude [mm]

Figure 6: Amplitude dependent tune x (a) without multi-
wire correction and (b) with multi-wire correction.
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