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Nonlinear Frequency Response of the Betatron Oscillation

at the Photon Factory Storage Ring

Tohru HONDA, Akira UEDA, Toshiyuki MITSUHASHI and Tsukasa MIYAJIMA

Abstract

Octupole magnet takes an important part in the cure of the transverse instability at the Photon Factory storage ring.
Under the existence of the octupole field, remarkable asymmetric frequency-response curves were observed in the ex-
citation of the vertical betatron oscillation. The form of the response curve depended on the octupole current and the
direction of the frequency scan. The betatron resonance continued much above the betatron tune and the amplitude of
the oscillation suddenly fall down at the end. The frequency response extended to about 20 kHz higher than the tune
frequency when the maximum octupole field was applied. Such asymmetric frequency responses appeared only for the
positive frequency scan. We have found that the observed frequency response for the betatron oscillation has many
similarities with the frequency response of the nonlinear forced oscillation described by the Duffing equation.
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N—=Z VYA NNV FO2EEORERD LA
WA LIRS WAR L K fROICHN S AT F b
DI N TS, 2L THI120 EF5IcFE RSN
TWABANRY PR D b b &S IR
o TAAVDON=Z VT A FNNVEDHEAZLHHE
MOLIATEIOE—7RHBEL TS, 2O
V— 7 3 RERICEN—2 o VIRE D 4 £55 &
RSN, 165, 20— REEFNGT
THRIDICIHEN TV LT HZDORIEIC OV TENOD
FHIT RV, B3OV — 7 ZREERES] & OxtG
D OREFEP BT TEHLP TR RVWETIEA LD
WCAfEO—2 Y D% VEN KRS .

4. % £

BB DG L > THEAF I 7T N—F %
UV T ORI BN E T 5D, S EIOH
TECHRE S ON—% b VAR OIIRIMEE O IR
BT AL EDRHON 57, TR E D L TN
B K BB H7- 8 2 H 23K A0 O & D 7 ki
BMOWRENABROENLDTHA D). ZOMICEL
TITIER 7 BIRE) & 5iak 9 2 R HE s N S
HARIRAR & Z O i d 5 & 12 & - TElRIcHE
fRIN%.

N—% F B V/REO S REXITFE O Hill’s equation
J+K($)y=0Th 5. &(1), (2)TH2 b 5L /AWK
BT S & & ZOHEANL,

5+ K(S)y— - 8,(5) (—6xy+4y%) =0 3)

L7 B0, BMETHOLORGHZHEL 2=0 L L T
RhH L,

y+K(s)y+%S4(s)y3=0 4)

tWogR LLEEZLNS.
— I 43 DIEFILE % G A 2R HIIRE OB s Tk
Ao
i+ wdr+ai+bx®=F cos Qt (5)

iZ Duffing equation & L THIGENTW5A. C ZIiC ax
DOIEIEE (damping) #EWd 5. COHEMPELY
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OCHh 5 EEAIRE 0 TRE Z i L 72 & &0
ME2AFEE L CLE S, IEEEOAMNINTHIHFIA T &T
ns. RGN\ AR e HTEEZEL
7= R,

i+ ol + 2eux +eax® =k cos (wo+ea) (6)

Dff% x=acos (Qt—y) SEL /- & SEEHEIC L -
TP ROONS. IRFABEBGTEEE TOIIRIMAR O
R D IERFTEIREY O L 7 BRFEDICK A TH 2 6
NTn5.

2 2
a=£ia2i< k2 2—/12) @)

CCl o BRIERAER L LOTNEERST /NG A—X
(detuning parameter) T, a 2MREIIEE OIEE TH
% F123ROIFFHHOREII /NG A—F o, WE
HOGRBUINT A—=Z u, HMATOKRE S1FI/8F
A—RETEINTWA. HIE#H I detuning
parameter ¢ |[Z % ¢ AIEIE a DKGEHETHA. (1)K
PHo baDBAREROTROAERIZITRLAZLD
MBI AT ON A, K13 I34&/\TF A— 2 D%
a=1, k=1, u=0.1, wy=1 ¢ L CHEL . F/-HlIE
R O R BHITT S oftNI A% ¢
Ty FLTHA.
BRFEICRER S 73R AR O A FE WV OFIFIC &
LHE, ANOREKI DL o EHIZT 5 AD
FfEorob&d, AT ADIEIANE-T2 L EICLE
NZNE13 OFICHE T AA RO L D ICIRIENE
5. BENEORT 5 AT AR 72 L & T,
FRCHE D N SIRIERICIR - TR 4 ICIRIEAHE L C
T&, ROV — 7 I1CE L 2 & S ORI

K13 Duffing HfEROIMIRMAE (=1, k=1, u=0.1,

6&)():1).
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K14 Duffing FEEADOHIRIIR D o KA. « LSO
NG A—RTIK13 LFA—. aPED & ZTIIE
AR SR ) 2 i3 %

NRIED Y v VTR B HRICRER A 2T
Tolct ZICH Y=V HETH NG Y V7D
DALk E L TR EANBROKIEHHEAEFONS.
C OEWR e IR OIR L BT V7 IV F T
B 7= 10 OILIRIAR L IEFFITHELL T\ 5

B 14 ICI3IEABIEHDINT A—2 a B & Kﬁ&%’@
HIRIB O OB 2R L 7=, IEEIEP K EL k5
EHIRMFROLENOHA Y NKEL D, EEOHIE
T/ VRER A OEIRE BRI K E < ATk
W OmS Ky i 570 m (K2&R) Tho,
K3 e KEL T 5 EREBDY v v Tl T RIS
PRAEAENY T F LT ORI & EEICE K —F
LTWwh. LRI aPADHEEFED & TR
MO DIXMR E 250, 2O XD mRIICHEY
THHAFERIZSOETABE LN TV,

<IIVF NV FO L FICEBEIS NI IRIEE (K6)
TRV VTNV FDEELZREGEDF 2 —/ITHY
T5ECHTHRESLPEE =7/ TWAERID
F O IRB VTR 13, 14 L O TIIRI T
o, LA L K il L TW LI > TIRIED Y +
VITLEEMNENY T F LT LIEAENTRED
R<—HLTw5%

LD Z &b ARims TR S 7z EAIES i
N—2% F B UVIREI ORI OZIRIE & SIS/ RS
DFFEEZ OB I TEHERML 723 DT, —RIFFIC
K & 7% tune spread B L /- kD WC b R 2 573, &FE
XY — A DIERIZIREN DOFMED S+ tune spread & i3
TR AR /2D EFE 2 LS.

12 TIEIE PR 7 iRt DA BN S N B R T Y
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i, fi

TIVRZA NANRT F DT — 2RO 5 575
2150 &, M2 TARBEEHEESNAE—DRERLN
7o, IEMIEEIRE OREL DT 5 L, 2fEHEOY—
IHRBIIEIN D EE D LIFEBROER YR AIE
MM iRy 0FHOL (RMA)) 6T, y2
DELEENHEVWD T LIk A. BMEDONN—X 1
VIRENCBI T 5 2 RO, ThabbRT v v
o JVHR D y3 BRI SR TR R A OO R E A AR 25 0 /ML R
A EE—ABBEOTNIC L > THEOEREY v
ICHAET A C LRI TV Y.

5. ¥ & &

PF U v T3 /R ER A DPEETT [0 O RNEEME DR
BHOoMBCEA ELEELZB AL TnAhA. T
B, KPRV — ARZEN & R OB #E M %
ISR T — X B LTe. EIoAREE DFAES
% & ENR—x b ARENO RIS A IER R T
BEIIRA DB NS C L& RAL, EMERT
(35 % P IEFFARE O 5 i (Duffing equation)
DOFFTRER & g4 5 C 21 & - THIRME SR T L
HIER B TR 7 IR D3 7R3 1 3 % FERRI TR
Bk 5 EFE 2 THEW RN EERLT.
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