The Coupled-Bunch Instabilities Simulation CodeCISR- Longitudinal Motion -

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

1 Introduction

The simulation code CISR(Coupled-BunchInstabilities in Storage Ring) which simulates coupled-bunch instabilities caused by the resonator typeimpedance was developed. In this report, the treatmentof longitudinal motion is described. For that oftransverse motion, see ref.[1].

2 Evolution of Wake Voltage

In this code, each electron bunch is composed ofsuperparticles. the bunch time spacing is

Tb = T0 / M where

T0 is the revolution frequency and

M is thenumber of bunches as shown in Fig.1,. The suffix i, jshows that it is the parameter of the j-th particle in i-thbunch. For example, the charge of the j-th particle in i-th bunch is qi, j. Its arrival time at an impedance in n-threvolution is

t

ni, j,

and its energy shift d=DE/E0 is dni,j.

Tbq i, jTb +

t’ i+1, j

q i+1, j’t

’

j’-th particle in (i+1) th bunch j-th particle in i-th bunch

ti, jt’ i+1, j’Fig. 1. Definition of parametersThe longitudinal impedance of a resonator have theform,

Z || =R

|| 1 + i Q|| ω|| ω-ω ω||

V^{||} t = – qR^{||} Q^{||} ω^{||} e^{- α|| t} cos ω^{||} t –α^{||} ω^{||} sin ω^{||} t

= Re V_{||} ei λ_{||} t

V_{||} = – qR_{||} Q||ω|| 1 + iα_{||} ω^{||}

λ_{||} = i α_{||} + ω_{||} α_{||} =ω_{||} 2Q^{||} ω|| = ω||2 – α||2

V_{||} it = Re V_{||} ie_{i λ|| t}

V_{||} i + 1 t′ = Re V_{||} i + 1e_{iλ|| t′}

= Re V_{||} ie_{i λ|| t} + Re V_{||} i + 1, j_' e_{iλ|| t' – t} i + 1, j

Σ^{j = 1}

N p i + 1

= Re V_{||} ie_{iλ|| t' + T} b + V_{||} i + 1, j_' e_{iλ|| t' – t} i + 1, j

Σ^{j = 1}

N p i + 1

V_{||} i + 1= V_{||} ie_{i λ|| T} b + V_{||} i + 1, j_' e_{– iλ|| t} i + 1, j_n

Σ^{j=1}

N p i + 1

V_{||} i, j_' = – q i, jR_{||} Q^{||}ω_{||} 1 + iα_{||} ω^{||}

e Re V_{||} iei λ_{||} T b –1

2eV i + 1, j ' V b

Z L= R L

1 + iQ Lωω^r–ω rω= R_Lcos ψ e_{– i ψ}

tan ψ = Q_L ωω_r – ω_r ω RL = RC / 1 + β

Q L= Q C/ 1 + β

I t =

I_0T_0 2πσ_t e^–

t – kT0 2

2σ t2

Σ_{k= – ∞}^∞

= I_0 + 2I_0 e^{– 1}2^{nω 2σ t2} e^{inω}

Σ_{n = – ∞}^∞

i b= 2I 0e–1 2ω2 σ t2 ∼ 2I 0 i b V^b

V b= i bZ L= – i bR Lcos ψ eiψV c= V ceiϕ

V c= V g+ V b V g= V c– V b eV ccos ϕ = UeV cU= q

V g= V c– V b= V ceiϕ + i bR Lcos ψ eiψ V g

V_g

V_g = i_gZ = i_g e^{iθ} R_L cos ψ e^{iψ}

i_g =

V_g R_L cos ψ

P_g = 18 i_g^2 R_c β

P_g =

1 + β^2 8β V_g^2 R_c cos^2 ψ

tan ψ = – i_bR_L V_c sin ϕ

P_g =

V_c^2 β_ο 2R_c

t_{i, j}^{n + 1} = t_{i, j}^n + α δ_{i, j}^n T_0

δ_{i, j}^{n + 1} = δ_{i, j}^n –

U_0 T_0E_0 1+ δ^{i, jn} 2

+eV gE^0cos ω g T n, i+ t i, jn + 1 + ϕ s

+ eE^0Re V|| i – 1_{n + 1} eiλ T b+ t i, j_{n + 1}

+ eE^0V exT n, i+ t i, jn + 1

T n, i= nM + i T b

V_{||} i_{n + 1} = V_{||} i – 1_{n + 1} e_{i λ|| T} b + V_{||} i, j_' e_{– i λ|| t} i, j_{n + 1}

Σ^{j=1}

N p i

V_{||} i, j_' = – q i, jR_{||} Q^{||}ω_{||} 1 + iα_{||} ω^{||}