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Note that in nonlinear expansion 
so that the drift does not have a linear 
transport map even though 
is completely linear. 
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The Drift 
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Variation of constants: 
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The Dipole Equation of Motion 
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The Dipole 
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As for a drift: 

For k<0 one has to take into account that 
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The Quadrupole 
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Options: 
●   For k>0: 
     focusing in x, defocusing in y. 
●   For k<0, K<0: 
     defocusing in x, focusing in y. 
●   For k<0, K>0: 
     weak focusing in both planes. 

T

sKsKM

M
M

KK
])[sin(

10
1

2

56

56

−=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

κ

τ

The Combined Function Bend 

from symplecticity 
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The Thin Lens Approximation 
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The Thin Lens Quadrupole 
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Weak magnet limit: 1<<sκ
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The Thin Lens Dipole 
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Weak magnet limit: 1<<sκ
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Thin Combined Function Bend 
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Extra bending focuses! 

Fringe field has a horizontal 
field component! 

Top view : 
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The extra force can for example come 
from an erroneous dipole field or from a 
correction coil: κΔ=Δ=Δ yp

q Bf

Variation of constants:

Orbit Distortions for a One-pass Accelerator 
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When the closed orbit                  is measured at beam position monitors 
(BPMs, index m) and is influenced by corrector magnets (index k), then the 
monitor readings before and after changing the kick angles created in the 
correctors by         are related by

)(old
co msx

kϑΔ

It is often better not to try to correct the 
closed orbit at the the BPMs to zero in this way since 
1.  computation of the inverse can be numerically unstable, so that 

small errors in the old closed orbit measurement lead to a large 
error in the corrector coil settings. 

2.  A zero orbit at all BPMs can be a bad orbit inbetween BPMs 
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Orbit Correction for a One-pass Accelerator 
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x1(s3+) + x2(s3+) + x3(s3+) = 0
x1(s1− ) + x2(s1− ) + x3(s1− ) = 0

ϑ1 β1 sin(ψ3 −ψ1) +ϑ2 β2 sin(ψ3 −ψ2) = 0

ϑ3 β3 sin(ψ3 −ψ1) +ϑ2 β2 sin(ψ2 −ψ1) = 0
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= −
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Closed Orbit Bumps 
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Particles oscillate around this periodic 
orbit, not around the design orbit.
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the linear transport matrix.

Oscillations around a distorted Orbit 


