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Model for numerical calculation
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Wiggler - “Wiggling pipe”Single dipole

1. The curvature is variable ( a series of dipoles, wiggler, etc.)

2. Chamber cross-section along the beam orbit:

Uniform rectangular cross-section (2D)
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Numerical scheme
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Δx,Δy � (R/k2)1/3

Δs � (R2/k)1/3
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Excited modes in a long toroidal pipe
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Real part Imaginary part

Blue solid lines: Lbend=0.5 m

Red dashed lines: Lbend=2 m

Green dotted lines: Lbend=8 m

a/b=60/30 mm, R=5 m, Lbend=0.5/2/8 m

Black solid lines: Parallel plates model

Bending angle=0.1/0.4/1.6 rad
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Related to eigenmodes
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a/b=60/30 mm, Lbend=8 m, R=5 m

Ex(x, y) = Ex0Ai
(
k2yκ

2 − x/κ
)
sin [ky(y + b/2)]

0 2 4 6 8 10
0

500

1000

1500

k �mm�1�

R
e
Z
��
�

k = 1230 m−1

(m, p) = (0, 1)



Related to eigenmodes (cont d)
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a/b=60/30 mm, Lbend=8 m, R=5 m

Ex(x, y) = Ex0Ai
(
k2yκ

2 − x/κ
)
sin [ky(y + b/2)]
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Related to eigenmodes (cont d)
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a/b=60/30 mm, Lbend=8 m, R=5 m

Ex(x, y) = Ex0Ai
(
k2yκ

2 − x/κ
)
sin [ky(y + b/2)]
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Steady-state CSR
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Geometric model: optical approximation
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Application to SuperKEKB DR
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a/b=34/34 mm, Lbend=0.74/0.29 m, R=2.7/-3 m (reverse bends)

Ldrift=0.9 m, Ncell=32 
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Application to SuperKEKB DR (cont d)
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(Perfect conducting wall)

Real part Imaginary part

a/b=34/34 mm, Lbend=0.74/0.29 m, R=2.7/-3 m (reverse bends)

Ldrift=0.9 m, Ncell=1/6/16
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Application to SuperKEKB DR (cont d)
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(Perfect conducting wall)

Real part

a/b=34/34 mm, Lbend=0.74/0.29 m, R=2.7/-3 m (reverse bends)

Ldrift=0.9 m, Ncell=1/6/16 
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Application to cERL
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a/b=50/50 mm, Lbend=0.7854 m, R=1 m

First commissioning: 35 MeV

Multi-bend interference is not important.

Ref. M. Shimada s talk, Tue.@WG2

σz � Δs =
4

3

√
2x3

b

R
≈ 7.5 mm
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Real part Imaginary part

Blue solid lines: =

Red dashed lines: =68.5 (E=35 MeV)

Green dotted lines: =244.6 (E=125 MeV)

Yellow dashed lines: Steady-state(S-S) Free space model

Black solid lines: S-S parallel plates

: a/b=50/50 mm, Lbend=0.7854 m, R=1 m

Beam line: (Bend + Infinite drift)

σx = 0.2 mm σy = 0.1 mm
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Application to cERL (cont d)

21

: a/b=50/50 mm, Lbend=0.7854 m, R=1 m 

Beam line: (Bend + Infinite drift)
t=1 ps

Blue solid: =

Red dashed: =68.5 (E=35 MeV)

Green dashed: =244.6 (E=125 MeV)

Gray dashed: Gaussian bunch

t=3 ps

head tail
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Application to cERL (cont d)
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Blue solid: CSRZ ( = )

Magenta dashed: elegant 1D model

Yellow dashed: S-S Free-space model

Black solid: S-S parallel plates

Gray dashed: Gaussian bunch

: a/b=50/50 mm, Lbend=0.7854 m, R=1 m

Beam line: (Bend)  w/o drift
t=1 ps t=3 ps

head tail

t=2 ps entrance transient

Shielding
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Blue solid: w/ drift (CSRZ, = )

Cyan dashed: w/o drift (CSRZ, = )

Gray dashed: Gaussian bunch

: a/b=50/50 mm, Lbend=0.7854 m, R=1 m

Effect of drift chamber
t=1 ps t=3 ps

head tail

t=2 ps
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Blue solid: w/ chamber (CSRZ, = )

Cyan dashed: free-space model*)

Gray dashed: Gaussian bunch

: a/b=50/50 mm, Lbend=0.7854 m, R=1 m

Effect of drift chamber
t=1 ps t=3 ps

head tail

t=2 ps

*) G. Stupakov and P. Emma, LCLS-TN-01-12, 
Dec. 2001.



Application to cERL (cont d)
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Ref. M. Shimada s talk, Tue.@WG2

head tail headtail
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Summary
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From CSRZ:
1. CSR fields can be decomposed to a sum of radiation fields 
(propagating modes) and beam self-fields (decaying modes) [a 
proof to T. Agoh s theory ( )].

2. Multi-bend CSR interference appears in small storage rings and 
may play a role in microwave instability.

To cERL loop (tentative conclusions):
1. Chamber shielding causes remarkable energy kick to the tailing 
particles in the cases of t>1 ps.

2. Free-space model for drift CSR wake over-estimates the energy 
kick in the cases of t>1 ps.

3. Longitudinal space-charge effect (1/ 2 term) is a concern at E=35 
MeV and t<1 ps.

Thank you!
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SuperKEKB DR: Microwave instability (cont d)
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Vlasov solver [Ikeda (2011)]:

χ = σz

√
ρ

h3
≈ 2.9

Ib = 0.5 ∗ 3
√
2αγσ2

δIAσz

π3/2h
= 0.016 A Nth =

IbC

ec
≈ 4.6× 1010

ρ = 2.7 m h = 24 mm

Design



SuperKEKB DR: Microwave instability
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Keil-Schnell-Boussard criterion:

Condition for K-S-B criterion: broad-band impedance

K.Y. Ng (1986) proposed a criterion for narrow-band impedance:

For SuperKEKB DR, the K-S-B criterion give a threshold of |Z||/n|< 

0.24 . But when applying Ng’s criterion to the sharp peak at kr=1.264 

mm-1, it gives an impedance of 0.95 .

Conclusion: interfered CSR is important in the SuperKEKB DR.

E = 1.1 GeV, αp = 0.0141, σδ = 5.5× 10−4,

σz = 7.74 mm, N0 = 5 ∗ 1010Machine parameters:



SuperKEKB DR: Microwave instability (cont d)
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Weak modulation Strong modulation


