Development of the Single-Bunch Instabilities Simulation CodeSISR

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

1 Introduction

The s i mul a ti on code for s i ngle -bunc h i ns ta bi li t i es , S ISR (S i ngl e-B unc Ins t abi l t i es i n S tor age R ings ) wa s deve l opped. S ISR ca n t re at not onl y l oca li z edimpedance like cavities but also distributed broad-bandi m pdance al ong ri ngs s uch as s m al l di s cont i nuit i es of abeam pipe. To i ncoope rat e di s tr i bute d i m pedanc e, we us ecomplex amplitude and an averaging method.

2 Basic Equations

The t ra nsve rs e pos i ti on of i -t h el e ct ron m ot ionunder the force F is represented with hi as

η i = x i

β

θ = 1ν_0 ds′β^s

d^2η_i dθ^2

+ ν_0 + Δν_i^2η_i = ν_0^2 β^32

F_i E e

F_i = e q_j x_j dsW^⊥ z_j − z_i, s

Σ_{j = 1}^{Np}

= e β^12 q_j η_j dsW^⊥ z_j − z_i, s

Σ_{j = 1}^{Np}

η_i = Re a_i θ e^{iν}0^θ = 12 a_i θ e^{iν}0^θ + c.c

F_i = Re f_i θ e^{iν}0^θ = 12 f_i θ e^{iν}0^θ + c.c

f_i θ = e β^12 q_j a_j dsW^⊥ z_j − z_i, s

Σ_{j = 1}^{Np}

d^2 a_i dθ^2

<< 2 iν_0 da_i dθ

da_i dθ = iΔν^ia^i + ν_0 2iE_0 β 3 2 f_i θ− π2ν_0 θ+ π2ν_0 dθ′ 2π ν_0 + ν_0 2 iE_0 β 3 2 f_i e^{− 2 iν}0^{θ′} θ− π2ν_0 θ+ π2ν_0 dθ′ 2π ν_0 c e

da_i dθ = iΔν^ia^i + ν_0 2 iE_0 β 3 2 f_i θ− π2ν_0 θ+ π2ν_0 dθ′ 2π ν_0

β^32 f_i θ− π2ν_0 θ+ π2ν_0 dθ′ 2π ν_0

= β^12 f_i ds′2π s− λ2 s+λ2

= 12π β^12 f_i ds′

s− C2 s+C2 λ β C

β^12 f_i ds′

s− C2 s+C2

= β_k^12 f_i ds′

k–th element

∑_k

= e β_k∑_k q_j a_j W_k^⊥ z_j − z_i

∑_j

= e q_j a_j β_k W_k^⊥ z_j − z_i

∑_k

∑_j λ_β C = 1 ν_0 ea

da_i dθ = i Δν^i a^i

+ e4iπE_0 q_j a_j β_k W_k^⊥ z_j − z_i

∑_{k= 1}^{NI}

∑_{j = 1} Np

ΔE_i^+ = ΔE_i– – U_0 ΔTT_0 1 +

ΔE_i– E_0 2

z_i^+ = z_i^– – α Δ

E_i^– E_0 c ΔT

r_i^+ = r_i^– + Re f_i^– e^{– i ϕ i, n} Δθ ϕ^i_+ = ϕ^i_– + Δν^i Δθ+ Im g^i_– e_{– i ϕ} i_– r^i_+ +r^i_– 2 Δθ g^i_– = 14iπE^0 q^j a^j_– β^k∑^{k= 1} NI W^k_⊥ z^j_– − z^i_–

∑^{j = 1} Np

rae e

Δθ= 2π ΔTT^0 z^i_+ = z^i_–

ΔE^i_+ = ΔE^i_– – e q^j W_{||} z^j_– − z^i_–

∑^{j = 1} Np

a^i_+ = a^i_– – eiE^0 β_12 q^j x^j_– W_⊥ z^j_– − z^i_–

∑^{j = 1} Np

x= β_12 η = β_12 Re a e_{i ν0 θ} z^i_+ = z^i_–

ΔE^i_+ = ΔE^i– + eV^a– eV^a– = eV^c sin 2πf^{rf} z^i– c + ϕ c a^i_+ = a^i– – i

eV^a–

E^0 Im a_i –ei ν^0 u e– i ν^0 u

ΔE^i_+ = ΔE^i– + 4 ΔTτ^E σ^{E, 0}

E^0 u_i a^i_+ = a^i– + 4 ΔTτ^β ε^0 v^i ei 2π wi

er eea

S(x) =

– xΔx_2 + 34 x ≤ 12Δx 1 2 x Δx 2 – 23 12Δx≤ x ≤ 32Δx

0 32Δx≤ x ρ z^p aρ z^p xρ z^p = q^i a^iq^i x^iq^i

S z^i – z^p

∑^{i = 1}_N

r

E^{BB}_⊥ e zp = – qj a j β k∑^{k= 1} NI W^k_⊥ z^j − z^p

∑^{j = 1} Np

= – aρ z′ β^k∑^{k= 1} NI W^k_⊥ z′− z dz′

E^{local}_⊥ e zp = – qj xj_– W_⊥ zj_– − zi_–

∑^{j = 1} Np

= – xρ z′ W_⊥ z^j_– − z^i_– dz′

E_{||} e zp = – qj W_{||} zj − zp

∑^{j = 1} Np

= – ρ z′ W_{||} z′− z^p dz′

E e zi = E e zp S zp – zi

∑^{p = 1}_{Nmesh}

e

Z_{||} – i ωZ^L_{||} Z^R_{||} Z^C_{||} ω 1 + i

W_{||} Z^L|| c^2 ∂δ z ∂z Z^R_{||} c δ z Z^C|| 2c π z_– 1 2 θ –z

Z_⊥ – i Z^L_⊥ Z^R_⊥ ω Z^C_⊥ ω ω 1 + i

W_⊥ – Z^L_⊥ c δ z – Z^R_⊥ θ –z – Z^C⊥ 2 2 πc z 1 2 θ –z

e eec]e