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old configuration

hor, vert
no couplers

hor, vert
no couplers

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 

μm 906.0fullref,n, =εreference solution (= no couplers) full = all particles
μm 659.0sliceref,n, =ε slice = 10% of particles
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rotation of reference plane
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invariants

0== yx 0=′=′ yx

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

′′′′′′
′′
′′′′′′
′′

=

yyyyyxyx
yyyyyxxy
yxyxxxxx
yxxyxxxx

Sxy

x

y

u
v

ϕ

no coupling:

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

′′′
′

′′′
′

=

yyyy
yyyy

xxxx
xxxx

Sxy

00
00

00
00

22
yxxyS εε=

41~
xyyx S== εεε

coupling: T
xyuv RRSS ==

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

−
−

=

ϕϕ
ϕϕ

ϕϕ
ϕϕ

cos0sin0
0cos0sin

sin0cos0
0sin0cos

R

≠= vuεεε~

uv-emittance can be measured
min~:min →εϕ ≈= vuεεε~

zx ppx =′ zy ppy =′ const.≈zp

41
uvS

41
uvS

⎥
⎦

⎤
⎢
⎣

⎡
≠⎥

⎦

⎤
⎢
⎣

⎡
′′′
′

00
00

vuvu
vuuv

but:



configuration norm. xy-emittance
full,relative slice,relative

fullref,n,

full,n,

ε
ε x

fullref,n,

full,n,

ε
ε y

sliceref,n,

slice,n,

ε
ε x

sliceref,n,
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ε
ε y

fullref,n,

full,n,

ε
ε u

fullref,n,

full,n,

ε
ε v

sliceref,n,

slice,n,

ε
ε u

sliceref,n,

slice,n,

ε
ε v

offset
x/mm   y/mm

norm. uv-emittance
full,relative slice,relative

old configuration 1.113 1.056 1.029 1.024 0.999 1.0031.017 1.045 -0.681 -0.196

V=Re{v0}+i Im{~x,y} 1.000 1.000 1.000 1.000 1.000 1.0001.000 1.000 -0.683 -0.183

V=i Im{v0}+Re{~x,y} 1.108 1.057 1.029 1.024 0.999 1.0031.015 1.042 0.002 0.000

without coupling 1.059 1.000 1.000 1.001 1.001 1.0001.059 1.000 -0.677 -0.183

some conclusions:
uv-emittance growth ~ 5% caused by time dependency of fields
offset dependency of fields causes xy- but not uv-emittance growth

more precise: it is the coupling term:         ,
beam offset caused by 

xyV∂ yxV∂
{ }yxV ,Re

{ }yxV ,Im



old configuration but:

hor, vert
complete kick

hor, vert
complete kick

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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old configuration but:

hor, vert
complete kick

hor, vert
complete kick

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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old configuration but without coupling:

hor, vert
complete kick

hor, vert
complete kick

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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compensation of coupler kick

comp 8 comp 9

zrot=180deg of cavities 2,4,6,8
global compensation:

local compensation (upstream):
more see s2e-meeting, 28th Jan 2008

xrot=180deg of cavities 2,4,6,8
yrot=180deg of cavities 2,4,6,8
z-mirror of cavities 2,4,6,8

comp 8 = reduce real part of ∑-kick

comp 9 = reduce imag. part of ∑-kick

(1) modify cavity
(2) interference with cavity

environment expected

(1) modify cavity



global: zrot=180deg of cavities 2,4,6,8

(2) interference with cavity environment expected
(4) modify cryostat & 2-side power distribution



global: xrot=180deg of cavities 2,4,6,8

(2) interference with cavity environment expected
(3) modify cryostat & 1-side power distribution



global: yrot=180deg of cavities 2,4,6,8

(2) interference with cavity environment expected
(4) modify cryostat & 2-side power distribution



global: z-mirror of cavities 2,4,6,8

(1) modify cavity;   (2) interference with cavity environment expected
(3) modify cryostat & 1-side power distribution



configuration norm. xy-emittance
full,relative slice,relative

fullref,n,

full,n,

ε
ε x

fullref,n,

full,n,

ε
ε y

sliceref,n,
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ε v

sliceref,n,

slice,n,

ε
ε u

sliceref,n,

slice,n,

ε
ε v

offset
x/mm   y/mm

norm. uv-emittance
full,relative slice,relative

old configuration 1.113 1.056 1.029 1.024 0.999 1.0031.017 1.045 -0.681 -0.196

local: comp8  (1) 1.172 1.066 1.027 1.025 0.999 1.0041.090 1.044 0.203 -0.174

global: z-rot   (2,4) 1.058 1.056 1.028 1.024 0.999 1.0030.994 1.008 -0.117 -0.034

comp9  (1,2) 1.053 1.066 1.025 1.025 0.998 1.0040.997 1.014 -0.495 0.578

x-rot    (2,3) 1.052 1.033 1.018 1.014 0.999 1.0021.003 1.017 -0.243 -0.226

y-rot    (4) 1.046 1.033 1.018 1.014 0.999 1.0020.999 1.015 -0.551 0.000

z-mirror (1,3) 1.057 1.002 1.002 1.001 1.000 1.0011.007 1.051 -0.151 -0.107

(1) modify cavity;   (2) interference with cavity environment expected
(3) modify cryostat & 1-side power distribution
(4) modify cryostat & 2-side power distribution



comp8

hor, vert
old config.

hor, vert
old config.

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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u-v plane:
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comp9

hor, vert
old config.

hor, vert
old config.

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 

053.1
fullref,n,

full,n, =
ε
ε x

066.1
fullref,n,

full,n, =
ε
ε y

025.1
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u-v plane:

-0.495

0.578



global: zrot=180deg of cavities 2,4,6,8

hor, vert
old config.

hor, vert
old config.

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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u-v plane:

-0.117

-0.034



global: xrot=180deg of cavities 2,4,6,8

hor, vert
old config.

hor, vert
old config.

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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u-v plane: ( ) mm 243.0m5.14 −=x

( ) mm 226.0m5.14 −=y

-0.226
-0.243



global: yrot=180deg of cavities 2,4,6,8

hor, vert
old config.

hor, vert
old config.

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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u-v plane: ( ) mm 551.0m5.14 −=x

( ) mm 000.0m5.14 =y

0.000

-0.551



global: z-mirror of cavities 2,4,6,8

hor, vert
old config.

hor, vert
old config.

normalized emittance

Ekin/MeV

offset(x)/mm  offset(y)/mm 

rms(x)/mm  rms(y)/mm 
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u-v plane:
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-0.107



more

phase space after ACC5; all modules on crest
coupler kicks

only from ACC1
coupler kicks

only from ACC2
coupler kicks

only from ACC3

slice centroid, phase = +- 2mm ⋅ 2π/λ



coupler kicks
only from ACC3

coupler kicks
only from ACC4

phase space after ACC5; all modules on crest

/2π /2π


