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Abstract

Nonlinear Resonances in ring accelerators are used for injection or extraction of a beam. And coupling resonance is
introduced to enlarge bunch volume to reduce the intra-beam scattering to avoid the degradation of beam quality at low
emittance rings. However, the betatron or synchrotron tunes of a ring have to fulfill some condition to excite the
resonances. To remove such condition on tunes, we propose the method of the excitation of the resonances with AC

resonance sources.

1. [EC®HIZ

Vo ZRINEGHI BT, FRIBH L X, -2 D
%15%%[%@:@“%0)&/(1& (BRAY Ee Wi ARV NN
3 WILIEZE W AP L, SR Ic LD A
F72 8 OB OFERBI 72 B TV &, Fo, fF
ﬂ%@ﬁ&%ﬂn)/ymotoiﬁ k=3I & AEFV 7T

TR AR A O TN F IR A B RS, N L
EL LB —AE O T ERT A ERRFIS T
Do

— 5 BT E DT 2 — L R CO BRI ET BT
o )/ﬁ‘@iiﬁ-aﬁi*ﬁ: TERVHRZ IR

2L T, 22T, KA AC BREh 5241
Ow )/7 DF 2—2 otr?ﬂ“ _/\ﬂ%%%@m“éi/ﬁ%
RET D, I2Lx1E, 3 WHIE THIUL AC N4, 4
WAEIER0 2 AL ThUE AC I\l . L TKF-
TEOIRIOFE S THIUL AC skew TIGEEA %
Fa— 2 OIS T2 B TR E 352 L2 kD&
HOHIBAEF| ST ZENTED,

ZHETIZ, ACEREND skew 4fifis G 2 VWV -FE
AAERBOFE S [ 1RSI TRY, £, 4lilié %
AC BREN T HZ LTI, PEEE IR ZBREN 5281 |
KEK {ZTRABNTEMN[2]. 22T, R, 2
IR LIS ZIERE T

2. ACEFENZEIBICLLHHEISER

JRERATR 7201, Bgs.(1). Q) TR IO BT
TV
d?x
FToR w?x = k(t)x™ Z 5(t — kTp) 0

k=—oco

k(t) = kg cos(2t + ¢) )

BEZD, T, Vo7 & BBl DR O T A O
AL x OEENL, Ao OFHFIEE 12, x [TKTFE
Licx 77— RO BT THdL D THD
&a‘é fJ_‘L X I DRE | HAHWIIR A DRI Z R~
k(t) (X E 72X EETHLN, 22T, BERMR ENE

# nakamura@spring8.or.jp

LT TOD, k() LU T CIEabmgis L5,
ST, Egs. (1), 2) OMEEE 2D, £3, —A#HTD
RENDOZALIT/NENEL T, FHUD x % H HRE)
x(t) = ucoswt &)

EL. if:\ Poisson DOFIAR

Z 5t~ kTy) == Z ot @

k=—co

FEATHILIZLD,

d?x

21 S (5)
w_ko u™ cos(2t + ¢) cos™ wt Z e'P@ot
0

p=—0

DEOND, FHLOE DRI DONTE R D, A
T, moDJE W H AL DK T-cos™ wth’, QO JE W Kk
FroK 7L, JAEEEEROATE DO p 5 Thopw &
FFORFEDRENTEDINTNDHD T, 2+ mw + pw,
@J—Jiﬂiiﬁl’i’%oo TN O IR JE B w I L
IR AE T DO T, LIBORMHT, o =10 +
mow + pwg. HHWE
N=21+m)w +pw, (6)

LD, T7rbb | ZOEEEQ T, KIBJEROEE%E AC

BREh AL, IR E R ATREE 72D, (10)D L E w,

THEISTR = pwo L EFKT DL, Fa—r DK
p=+x1+tm)Av+p (7

LD, 2T ou=0T5L, BEOLBOSMN +
m)Av =p &b,

ZOFIEL T m =0 1%, Z<EIBILTVS RFKO OJF
Br7eh m=1 1%, KEK T AC WA Z AW TITh
T BB LB D i [2] 8725,

AC BREID R4 W= B o Bl LTk

o ETIX. 7’;:%/75%&@*1&{:7&{%7‘_%5/\
LB S 508, SR A Eq. (7) @ﬂ&iﬁc
NS G R N Rl QU B 0 E 0 i i R N A G

o FLIEJEAS JMNZL CTWD, Bl IR, SIRILIBOSA

- 1313 -



Proceedings of the 13th Annual Meeting of Particle Accelerator Society of Japan
August 8-10, 2016, Chiba, Japan

PASJ2016 1PP002

21X, TTAADBZEL L TO NS HBIR /2578,
AC EEEIOBA 1213, AC BRENL TUWVASHRD 2273
TBLieb,

o WHOILEEFFFIF|XRIFLENTEXD, B
TIE, 1D IB U729 ZE M TEZRUVA,
ARFETIT, BEOILEEFREFCS &L
NTED,

RENFETOND, 2L, OB ASRSTR TR

ACBRENDGEITIE, o — 2, ACBEEIONAHIZ

JIGCTCEBNT52812725D,

LUFCiE, B2 W AR, HERE ~oit

DA[REMEIC OV TRT,

3. AC ARIBIZKBD=RILE A5t

ZDEH7e AC ZRRIZEAHEDISHEL T, AC 7SR
(8D Z AR E W AST O AT BEVE A T 5, BilE
LT, ®HWH SR OERI 7B L5, 2oV 7T
I, 7OV ASRER, Tebh AR OZ— ORhE TS
INHBRRS AL % T NG 2B T D03 [3], 22T,
DIV ARKRE AC SR E XX 75 B /T 5.

HUVH SR Tk, AFE— A, AKTED B B 30m
DOEMEIZIBN T, IRZIE 40mm, FEOTAHEIND,
2OVASKETIE, ZOAFE —ADNLE A 20mm &72-
72X, Imrad DX I %252 T X AFIvIT3F %
WIZARNE —LE2F Y7 FrT5, ZOLXOREIE,
19mm E725, 7SIV ASKRIZ LB/ 23 o7 DFRSIL, Fv
J%

— 1 2
0= Ekzx (8)
ELTIEFRT DL, ky, =5.8L725,

AC Ria WG 6%525 %%, ZIRIEEA KT 5
722, ¥V DIES k% Eq. (IZBWT u=34v LL
7=bD, 7725, Eq. (2)&L T

k,(t) = ko(t) cos(3dvw,t + ¢) 9)

LT B, 22T AT KEDTF 22— D/NEERTHY
HUVEB SR DEAITIE, 0.72 THD, B 12OV T,
AHE— LD AC ANWA i+ 2844 =0 &
T 5, ZZTIL, JRBEDO Al REM A RD T2 . ARE — Al
JRIPNNZE 270N EL TS, FEHETATZHITIE,
EEEOE — ADJENEEE LG A EZITOLERHD,
AC SERIZED AP DR LTz e A 7p D 5540 %

() AREFZANZEHRELRNEMAELT, ARSI
E— AIAR SRS, AS S EEET DRI
AFEIESLEEELEMANC 10mm LA EEER -5
A3 5,

Q) AFHE—20H —k =3Iy A (Courant-
Snyder invariant)?D AFHEFEKE TREOEIZ, LA
AR NS COfE & [RIFLEE,

ET%, 12720, KIEWE CERIT 2N EL /22412

DI DRI FITE AL TR,

AC RO /RTA—=H%, Z DT Xa—T7 B ko, L
o, BEIOAK HELD AC NHRFHE E S ETOR—H
MY EZR D3, 22 TiE =0 ELT, ko BLW
YEEZ T ERROSM AT T 5 a2 U,

AC Sextupole 3rd-order Resonance Injection ((u=3Av )
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Figure 1: Third integer resonance injection driven by
AC sextupole. Upper lines: sextupole kick strength
(dotted) and its envelope (dashed). Lower lines: Injected
beam position with AC sextupole (solid line with
circles) and with pulsed sextupole (dashed line with
crosses).
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Figure 2: Third integer resonance injection driven by
AC sextupole. Injected beam in phase space (x, x’) at
injection point. The first turn of the injected beam is at
(40, 0).
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AC Octupole 4th-order Resonance Injection (VOCT= 4Av )
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Figure 3: Fourth integer resonance injection by AC
octupole.
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Figure 4: Fourth integer resonance injection by AC
octupole. Injected beam in phase space (x,x’).
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AC Octupole Half-Integer Resonance Injection (VO(‘T: 2Av )
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Figure 5: Half integer resonance injection by AC
octupole.
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Figure 6: Half integer resonance injection by AC
octupole.
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