For matnces with real coefficients:
If there is an eigenvector and eigenvalue: MV, = AV
then the complex conjugates are also eigenvector and eigenvalue: MT = /]i\7i

For symplectic matrices:
If there are eigenvectors and eigenvalues: MV, = AV. with J =M "JM

then V'V, =V M IMV, =AAV IV, = V' IV, (A4 -D)=0

Therefore JV is orthogonal to all eigenvectors with eigenvalues that are
not 1//]J Slnce it cannot be orthogonal to all eigenvectors, there is at least

one eigenvector with elgenvalue:]_//]j
Four dimensions:
A .A

A /Tﬁl
N

Two dimensions: /]J- is eigenvalue
Then 1//]J. and /]*j are eigenvalues

L=UM=4 = |A L <

A =1A =X,

[
»

ol
A*J — /]Il .AJ'
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Z =L(9)Z +A1?(2, S)  Field errors, nonlinear fields, etc can lead to AF(Z S)

2, =L(92, = 2,(9=M(9)Z, with M (9a=L(sM(9)a

2(5)=M(s)a(s) = Z(9=M (9a+M(9)a(s)=L(9)Z+Af(Z,5)
a(s) =7, + j M (9 AF (2(8),9) ds

2(9) = M(S){fo +[ M (3)4F (2(9),9 dé}

O =y

S
— ZH (S) + J‘M(S_ §)Af (2(§), §) da Perturbations are propagated
) fromstos’
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W, (S) =W, (S) + A + 2B(S) WS W, +2 Hevapole

2B cancels C !

___ SPECIMEN
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1. Hexapole -

TRANSFER
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\ Aperture

Linear in
solenoid strength
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Orbit distortions

X'=a The extra force can for example come
from an erroneous dipole field or from a

= —(k* +K)x+ Af correction coil: ~ Af =2AB =Ak

- - L ] ~f O -
Variation of constants:  Z = M Z, + AZ with AZ = jM(S— S)( . jds
O AK(S)

L -/ BB sinw - )

AZ
( [cos@ ~ ) +asin@ — )

Ak (S)dsS

AX(S) = D AS, | B(S) B sin@(s) —¢)
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Orbit Correction

When the closed orbit Xs(l)d (Sm) 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 A, are related by

Xeo' (Sn) = Xy () + QAN Bof SNWn ~0) , v

< L
= Xgo (Sm) + ZOmkAﬂk W

R = X3+ 0N

A9 =-07%, = %X5"=0
It is often better not to try to correct the

closed orbit at the the BPMs to zero in this way since

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.

A zero orbit at all BPMs can be a bad orbit inbetween BPMs
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A&} Closed Orbit Bumps

ﬂz\xk/(s) =9/ BL(S) sin@ -¢,)
5 /N %

X (S3,) +%(S5) +%(s,) =0

X' (S5.) ¥ %,'(S5.) ¥ %5'(s,,) =0

7-91\/?15"](9[’3 _‘/’1) +7-92\/F25in(‘/’3 _‘//2) =0

791\/?1 cos(y; —¢) +’92\/F2005(//3 —Y,)+ 793\/@ =0

9\ B, SN, ~,) = 9, B; sin@, ~ )
_’92\/?25“1@2 _wl) = 793\/?39”@3 —lﬂl)

S,:9,:9,= B sing,, 1 =B sing,, - By sing,,
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Xorb(S)
Particles oscillate around this periodic

orbit, not around the design orbit.

2=25% 2y,
zorb(s) = Mzorb (O) + A_Z(S)
25(8) * Z,,(8) = 2(8) =M 2(0) + A2(s) = M[Z,(0) + Z,, (0)] + AZ(s)

= Mzﬂ (O) + zorb(s)
Zﬁ(L) =M Ozﬂ (0) The _distorted orbit does _not change
the linear transport matrix.
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X'=a

AK = 0K

D(s) =+/B(3) [ k(39 B() sin@(s) ~¢(8))d3
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