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Previouswor k — for constant beta function :

1. Equation of motion decouple into Fourier modes (Chao 1993).
2. Modes decay / grown exponentially, analytic formula available.

3. Analytic formulafor bunch traectories available but incomplete

\ThUI i IlJWI 1 Cll Id I \uth 1991)

Current work:

1. Varying betafunction — modes remain coupled, decay modes grow.
2. Analytic formulafor bunch traectories completed with error bounds.



Example of an application
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OBSERVATION OF TRANSVERSE COUPLED BUNCH INSTABILITY AT
KEKB
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Normal Modes

‘j)’” (f) + (Oﬁj }m (f) = Z bnym—lrn (f — 1 T)

2

where

n=1

v

dc - _ oo
a2 Y, (D) + wﬁzyﬂ (t) = Z b.e
n=1

7,0 =y, )

DFT

. 2mu

IMVﬂ(t—nz')

. 2mmu

M

coupled

decoupled

(Fourier modes)

¥n

u =0 ("0" mode)

—— — - — —i— — i — —— -

| | n

0 1 2

3 0

u=1 ("r/2" mode)

¥ - $ n
' ~ /I
"--._ -
u =2 ("n" mode)
’ N\ ff.\ /‘\
[ N n
A} / .\ ,
N Ny
W =3 ("3n/2" mode)
f\ f'\ ”.....
J \ | / [ | Fy
T 1—* ¥ n
¢ v/ \ol \ oy
L NS -

Chao (1993)



Growth Rate (ms-1)

OCS6 Damping Ring: Uniform Fill
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0CS6: Actual beta, Mode 100

A few surprises...
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Amplitude (arb. units)
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High frequency oscillation comes from ...
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Decay modes grow because ...
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Bunch Trajectories

Equation of motion
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|f beta function is constant:
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|ntegration of
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|f wake field very small
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An analytic solution

Amplitude (arb. units)

OCS6: Averaged beta, Bunch 100
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Feedback system bandwidth

Frequency o< mode number
Bandwidth must cover growth modes
If decay modes grow unexpectedly ...
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