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Figure 3: Longitudinal CSR force along the bunch for var-
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b(kf ; f)

b0(k0; 0)
≈ exp

[

− σ̄2

δ

2(1 + χ)2

]

+ AĪf

[√
πerf(σ̄x)

2σ̄x

× exp

(

− σ̄2

δ

2(1 + χ)2

)

+ F1(χ, σ̄x, α0, φ, σ̄δ)

]

+ A2Ī2

fF0(σ̄x)F2(χ, σ̄x, α0, φ, σ̄δ). (1)

Here χ = hR56, σ̄δ = k0R56σδ, A = 1.63i − 0.94, Īf = Ifk
4/3

0
R56Lb/(γIAρ

2/3

0
), If is the

compressed beam current, IA ≈ 17 kA, σ̄x = k0Lb

√
εxβ0/ρ0, φ = 2∆L/β0, the error function

erf(x) = 2π−1/2
∫ x

0
dt exp(−t2), and

F0 =
e−σ̄2

x + σ̄x

√
πerf(σ̄x) − 1

2σ̄2
x

,

F1 =2

∫

1

0

dt
(1 − t)

(1 + χt)4/3
H(t),

F2 =2

∫

1

0

dt
(1 − t)t(1 + χ)

(1 + χt)7/3
H(t),

H(t) = exp

[

− σ̄2

x

(1 − 2t + α0φt)2 + φ2t2

(1 + χt)2

− σ̄2

δ

2(1 + χt)2

(

t2 +
(1 − t)2

(1 + χ)2

)]

. (2)
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