Cure of Transverse Instabilities by Chromaticity Modulation

TAKESH NAKAMURASPring-8, Kamigori, Ako-gun, Hyogo 678-12, Japan

1 Introduction

The m odul at i on of chr om at i ci t y at s ynchr otr onos ci l l at i on fr eque ncy i s propos e d t o i nt roduce s t at i ctune spread in a bunch. The energy oscillation of synchrotron motion andchr om at i ci t y gene ra te t he m odul at i on of t he bet a tr ont une of an par t ic l e. Howe ver t he phas e s hi ft of bet a tr onos ci l l at i on ca us ed by t hi s m udul at i on bec om es ze roaf t er one s ynchr otr on per i od and t he m axi m um of t hephas e s hi ft , whi ch i s ca l le d hea d-t ai l phas e , i s not sufficient to suppress instabilities in usual cases. On t he ot her hand, chr om at i ci t y m odul at ed at synchrotron oscillation frequency, tune shift of betatronos ci l l at i on ca n be produc ed and t hi s t une s hi ft depe nds on the phase of synchrotron osillation. Nonl i nea r fi e ld s uch as oct upol e fi e ld or fi e ldproduc ed by t ra pped i ons s om et i me s us ed t o i nt roduce t une s pre ad i n a bunch bec aus e t hes e nonl i near fi e ldca us es am pl i t ude depe ndent t une s hi ft . B ut for s m al l em i t t ance ri ngs , t he s t rong nonl i near fi e lds m us t bere qui red t o i nt roduce am pl i t ude depe ndent t une s hi ft bec aus e of i t s s m al l bea m s i ze and i t ca us e s er ious re duct i on of dynam i c ape rt ure s . And t ra pped i ons sometimes cause unwanted motion of a beam. On t he ot her hand, t hi s s che m e, m odul at i on ofchr om at i ci t y at s ynchr otr on os ci l l at i on fr eque ncy , re qui res s om e fa s t var yi ng s ext upol e m agne ts ofm oder at e s t rengt h but t hes e do not s er ious l y re duce dynamic apertures [1].

2 Chromaticity Modulation

The chr om at i ci t y x whi ch i s m odul at ed by t hesynchrotron frequency ws is described as,

ξ(t) = ξ

0

+

^ ξ

1

cosω

s

t

(1)The relative energy deviation d = (E-E0)/E0 of a particleis presented as

ε(t) = ε̂ cos ωst +ϕ ( )

.(2)The var i at i on of bet a tr on t une of t hi s par t ic l e i s t hengiven by

ν(t) = ξ(t)ε(t)

= ξ^0 + ^ ξ^1 cosω^st [ ] ε̂ cos ω s t +ϕ ( ) = +( )x e w f^0 ^ cos^s t

+ + +( ) 1

2

1

2

2 1 1 ^

^ cos

^

^ cos x e f x e w f s t

(3) The s ec ond t er m i n equa t ion (3) ,

121^ ^ cosx e f

, i s acons t a nt and i s s t at i c t une s hi ft whi ch depe nds on t hephase of the synchrotron oscillation,

f. Suppose if the distribution of particles in the phases pac e of t he s ynchr otr on m ot ion i s as s um ed t o beGaussian;

f(ε̂,ϕ )dε̂dϕ = 12πσ ε2 e−_{ε̂ 2}2σ ε 2 ε̂dε̂dϕ

(4), the r.m.s. of this static tune spread becomes σ ν = 12 ξ̂1ε̂ cosϕ 2 f(ε̂,ϕ )dε̂dϕ ∫∫ =_12_^ξ1σ ε

(5). In t he S Pri ng- 8 s t orage ri ng,

se i s 1·10- 3 and t here vol uti on fr eque ncy f0 i s 208kHz . If x 1i s s et t o 1, t henwe get

sn= 0.5·10-3 and the Landau damping time

tL byt hi s t une s pre ad i s

tL ~ 1/ (2 pf0sn)= 1/ (2p·208kHz

·0. 5·10- 3) = 2m s . Thi s dam pi ng t i me is faster than the radiation damping time, 8.3 ms. F igur e 1 i s t he re s ult of t he s i mul a ti on of t hi sdam pi ng by t he code C IS R[ 2]. The ver t ic al axi s i s t hebet a tr on os ci l l at i on am pl i t ude of t he ce nt er of bunche s defined as

ε = ε_iΣ_{n = 1} Nb

N_b

, ε_i = βx_i'^2 + 2αx_ix_i' + γx_i^2

ereferea]

1 . 0 0 . 8 0 . 6 0 . 4 0 . 2 0 . 0

�e

[ A r b i t o r a y U n i t ]

2 0 1 5 1 0

T i m e [ x 1 0 -3 s]=0=0=2=1=0=2 ξ(t) = ξ 0 + ^ ξ 1 cosω s t serRS

2 0 0 1 0 0- 1 0 0

G r o w t h R a t e [ 1 / s ]

1 . 2 1 . 0 0 . 8 0 . 6 0 . 4 0 . 2 0 . 0 Theoretical value for

x1=0

Radiation Damping rate