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old configuration
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T T T T T T T T
ar _|
| | | | | | n | | | | | | |
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normalized emittance offset(xX)/mm offset(y)/mm
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& E. . i
- n,Xfull — 1. 1 13 n,X,bll(,C — 1.029 — ok |
gn,ref,full gn,ref,slice
- & &yl . -0.196
n,y,full — 1 .056 n,y,SllCC — 1 .024
& ref, full €, refsli e |
hor, vert n,ref,fu n,ref,slice _ 0.5 hOI’, - -0681
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| | | | | | | |
0 2 i} 2 10 12 14 16 1} 2 4 a 2 10 12 14 18

reference solution (= no couplers) &, ,..q; =0.906 um

&

n,ref,slice

=0.659 um

full = all particles

slice = 10% of particles
(central slice)



rotation of reference plane
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Invariants

1Y () =(y)=0 (x)={y)=0
u X'=p,/P, y'=p,/p, p, ~const.
T (o) 0) () )
o | ) () {xy) (xy)
T Xy () (W)
() (XY {w) ()
(xx)  (xx) 0 0
e |0 o) 0o R
no coupling. S, 0 <yy> <ny> Sy|=&xEy £ =&, .
00 {w) vy,
coupling: S, =--=RS, R’ £=\es 2[5,
[ cos g 0 sing 0 ] uv-emittance can be measurel/cj
A 0 COS @ 0 sin @ Puin € —>Min & = gugvz‘suv‘
| —sing 0 cosp 0 ,
0 0
| 0 —sing 0 cosg| but: D;J,\\//é <<llj’\\//’>>}i{0 0}
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configuration norm. xy-emittance norm. uv-emittance offset

full,relative slice,relative full,relative  slice,relative x/mm y/mm

gn,x,full ‘C"n’y,full n,X,slice gn,y,slice gn,u,full gn,v,full n,u,slice gn,v,slice

gn,ref,full 8n,reﬁfu11 gn,ref,slice 8n,ref,s1ice gn.ref,full gn,ref,full gn,ref,slice gn,ref,slice
old configuration 1.113 | 1.056 | 1.029 | 1.024 | 1.017 | 1.045 | 0.999 | 1.003 |-0.681|-0.196
V=Re{v }+i Im{~x,y} |1.000 |1.000 |1.000 |1.000 | 1.000 | 1.000 | 1.000 | 1.000 |-0.683|-0.183
V=i Im{v +Re{~x,y} |1.108 | 1.057 | 1.029 | 1.024 | 1.015 | 1.042 | 0.999 | 1.003 | 0.002 | 0.000
without coupling 1.059|1.000 [ 1.000 {1.001 | 1.059|1.000( 1.001 | 1.000 |-0.677-0.183

some conclusions:
uv-emittance growth ~ 5% caused by time dependency of fields Im{\/xyy}
offset dependency of fields causes xy- but not uv-emittance growth
more precise: it is the coupling term: oV, , 8.V,

beam offset caused by Rel, , |



old configuration but:

\7L (X, y) = Re{VL (070)}"' i Im{VL (X> y)_VL (090)}

. Ekin/MeV rms(x)/mm rms(y)/mm
T T T T T T T T
2 _
100~ —
1+ _
il _ \
0 | ! ! ! ! L ! 0 | | ! ! ! ! |
0 2 4 1] 2 10 12 14 16 1} 2 4 & 2 10 12 14 14
normalized emittance offset(xX)/mm offset(y)/mm
T T T T T T T T T T
1.4F gn,xfull — 1 000 6‘I'I,X,Sli()() — 1 000 — ok |
(c"n,rcf,full gn,rcf,slicc
12 gn,y,full — 1.000 gl’l,y,slice — 1.000 N -0'183
gn,ref,full gn,ref,slice 0.5+ —
 hor, vert | hor, vert -0.683
complete kick - complete kick
! ! 1 g AP A | ! ! ! ! ! !
a 2 4 é 8 10 12 14 16 a 2 4 [ 2 10 12 14 14
E = & .
,u.full ,u,sl
u-v plane: ———=1.000 —====1.000
gn,ref,full n,refslice
gn,v,full _1 OOO gn,v,slice _1 OOO
gn,ref,full n,ref,slice



old configuration but:
V. (x,y)=iIm{, (0,0)}+Refv, (x,y)-V,(0,0)}

. Ekin/MeV rms(X)/mm rms(y)/mm
T T T T T T T T
ar _
100~ —
1+ _
il _ \
0 | ! ! ! ! L ! 0 | | ! ! ! ! |
0 2 4 6 3 10 12 14 16 i 2 4 é 2 10 12 14 16
normalized emittance offset(xX)/mm offset(y)/mm
T T T T T T T T T T T
1.4F gn,xfull _ 1 108 6‘I'I,X,Sli()() _ 1 029 — ok h:0'002 |
- - 0.000
(c"n,rcf,full gn,rcf,slicc
L2 gn,y,full — 1‘057 gl’l,y,slice — 1.024 m
gn,ref,full gn,ref,slice 05k T —
| hor, vert i ’ :
complete kick complete kick
! ! | ! ! ! ! ! !
i 2 4 6 8 10 12 14 16 o 2 4 é 2 10 12 14 16
E = E :
,u.full ,u,sl
u-v plane: ———=1.015 —===0.999
gn,ref,full n,refslice
gn,v,full _ 1 042 gn,v,slice _ 1 003
gn,ref,full n,ref,slice



old configuration but without coupling:
V, (%, y)=V,(0,0)+x-8,V,(0,0) V,(x,y)=..

. Ekin/MeV rms(x)/mm rms(y)/mm
T T T T T T T T
2f _
100 .
1+ _
il _ \
0 | ! ! ! ! 1 ! 0 ! ! ! ! ! | |
] 2 4 & 2 10 12 14 16 1] 2 4 6 2 10 12 14 16
normalized emittance offset(xX)/mm offset(y)/mm
T T T T T T T T T T
1.4F gn,xfull — 1 059 6‘I'I,X,Sli()() — 1 001 — ok |
(c"n,rcf,full gn,rcf,slicc
12 gn,y,full — 1.000 gl’l,y,slice — 1.000 N -0'183
gn,ref,full gn,ref,slice 0.5+ —
 hor, vert ] hor, vert. -0.677
complete kick complete kick
! ! L ! ! ! ! ! | |
] 2 4 & g 10 12 14 16 i 2 4 6 2 10 12 14 16
E ¢ E .
,u,full ,u,sl
u-v plane: ———=1.059  —====1.001
gn,ref,full n,refslice
gn,v,full _1 OOO gn,v,slice _1 000
8n,ref,full gn,ref,slice



compensation of coupler kick

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

comp 8 comp 9

(1) modify cavity
(2) interference with cavity
environment expected

(1) modify cavity

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

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

Re(Kick)

comp 8 = reduce real part of > .-kick

Lm(Kick)
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comp 9 = reduce imag. part of >_-kick

Em(Kick)
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global: xrot=180deg of cavities 2,4,6,8




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




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

(1) modify cavity; d
(3) modify cryostat & 1-side power distribution




configuration norm. xy-emittance norm. uv-emittance offset

full,relative slice,relative full,relative  slice,relative x/mm y/mm

ot | Enysnt | Enxstice | Enystice | Envin | Envin | Enusice | Envsice

Enretiull | Enretrun | Ensetstice | Enretistice | Enebiull | Enretull | Enretslice | Enretstice
old configuration 1.113 |1.056 [ 1.029 {1.024 | 1.017| 1.045 ] 0.999 | 1.003 (-0.681|-0.196
local: comp8 (1) 1.172 | 1.066 | 1.027 | 1.025 | 1.090 | 1.044 | 0.999 | 1.004 | 0.203 |-0.174
comp9 (1,2) 1.053 | 1.066 | 1.025 | 1.025 [ 0.997 | 1.014 |1 0.998 | 1.004 [-0.495| 0.57/8
global: z-rot (2,4) 1.058 | 1.056 | 1.028 | 1.024 | 0.994 | 1.008 | 0.999 | 1.003 [-0.117|-0.034
x-rot (2,3) 1.052 {1.033 | 1.018 |1.014 | 1.003 | 1.017 | 0.999 | 1.002 |-0.243|-0.226
y-rot (4) 1.046 |1.033 {1.018 | 1.014 | 0.999 | 1.015 | 0.999 | 1.002 [-0.551| 0.000
z-mirror (1,3) [1.057 | 1.002 | 1.002 | 1.001 | 1.007 | 1.051 | 1.000 | 1.001 |-0.151|-0.107

(1) modify cavity;

(3) modify cryostat & 1-side power distribution
(4) modify cryostat & 2-side power distribution

(2) interference with cavity environment expected

™



comp8

lé

Ekin/MeV rms(x)/mm rms(y)/mm
T T T T T T T T
2 i
1+ i
S0k .
, | ! ! ! ! 1 | 0 ! ! | | | | |
0 2 4 6 2 10 12 14 16 a 2 4 6 8 10 12 14
normalized emittance offset(x)/mm offset(y)/mm
T T T T T T T T T T
= gn,x,full _ gn,x,slice _ - | 0203_
=1.172 ———=1.027 0
gn,ref,full gn,ref,slice
12f gn,y,full —1.066 gn,y,slice ~1.025 N -0.174
gn,ref,full 05k T — -
hor, vert | , Ver
old config. old config.
! ! | | | | | | |
0 2 4 é g 10 12 14 16 1] 2 4 6 ] 10 12 14
& .
,u,full ,u.sl
u-v plane: — =1.090 LS =0.999
gn,ref,full gn,ref,slice
Envfull 1,044 Envslice 1.004
gn,ref,full gn,ref,slice

16



comp9

lé

Ekin/MeV rms(x)/mm rms(y)/mm
T T T T T T T T
ar _|
1 _
50 —
0 | | | | | | | n | | | | | | |
0 2 4 a 2 10 12 14 18 1} 2 4 ] 2 10 12 14
normalized emittance offset(xX)/mm offset(y)/mm
T T T T T 1 T T T T T
= gn,x,full — 1 053 gn,x,slice — 1 025 -
gn,ref,full gn,ref,slice T O . 578 |
12 gn,y,full _ 1066 gn,y,slice _ 1025 T ol B
gn,ref,full gn,ref,slice
hor, vert 1 Ll T(;)r, vef_rt -0.495
old config. S1e HEolllieE
| | 1 | | | | | | |
0 2 4 i} 2 10 12 14 16 1} 2 4 a 2 10 12 14
& E )
,u,full ,U,sl
u-v plane: ——=0.997 == =0.998
gn,ref,full gn,ref,slice
Envfull 1014 Envslice 1.004
gn,ref,full gn,ref,slice

16



global:

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

lé

16

Ekin/MeV rms(x)/mm rms(y)/mm
150 T T T T T T T T
ar _|
100 —
1 _
il _ \
0 | | | | | | n | | | | | | |
0 2 a 2 10 12 14 18 a 2 4 ] 2 10 12 14
normalized emittance offset(xX)/mm offset(y)/mm
T T T T T T T T T T
1.4 gn,X,fUll — 1.058 gn,X,SliCC — 1_028 — o _0.034_
(c"n,rcf,full gn,rcf,slicc —\\_‘_&117
12 gn,y,full — 1.056 gl’l,y,slice — 1.024 N
gn,ref,full gn,ref,slice 05k _
hor, vert hor, vert
old config. old config.
0 j? i} 2 10 12 14 16 1} |2 |4 tlﬁ é 1|D 1|2 1|4
& - & .
full |
u-v plane: ——=0.994 —===0.999

&

gn,ref,full

n,v,full — 1008

8n,ref,full

n,ref,slice

&

n,V,slice _ 1003

&

n,ref,slice



global:

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

lé

. Ekin/MeV rms(x)/mm rms(y)/mm
ar _|
100 —
1 _
il _ \
0 | | | | | | | n | | | | | | |
0 2 4 a 2 10 12 14 18 1} 2 4 ] 2 10 12 14
normalized emittance offset(xX)/mm offset(y)/mm
1.4F gn,xfull — 1.052 gn,X,SliCC — 1_018 — ok |
gn,rcf,full gn,rcf,slicc 226
2r gn u gn i 1 .243
- oyl 1,033 ol 1014
gn,ref,full gn,ref,slice 05k . —
hor, vert '
| old config. i old config.
0 j? l1 i} 2 10 12 14 16 1} |2 |4 tlﬁ lS 1|D 1|2 1|4
. gn,u,full _ 1 gn,u,slice . _
u-v plane: =1.003 ——==0.999 X(14.5m)=—-0.243 mm
gn,ref,full n,refslice
& & .
1l 1
nelll 1017 0 vl —1.002 y(14.5m)=—0.226 mm
gn,ref,full gn,ref,slice

16



150

global:

Ekin/MeV

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

100~

S0

rms(X)/mm rms(y)/mm

6 3 10

normalized emittance

L4

12

| old config.
|

offset(xX)/mm offset(y)/mm

0

u-v plane:

& u full — 0.999

gn,ref,full

T T T T T T T

gn,xfull — 1.046 gn,X,SliCC — 1_018 — ok

gn,rcf,full gn,rcf,slicc

& & . |

LY, full ,Y,sl

— —1.033 LA —1.014

gn,ref,full gn,ref,slice 05k

hor, vert
| old config.
l l l

& 8 10 12 14 16 1} 2 4 [

E .
n,u,slice _ 0999

n,refslice

g € sli
v full 1.015 _nyvslice 1.002

8n,ref,full gn,ref,slice

x(14.5m)=—0.551 mm

y(14.5m)=0.000 mm



global:

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

Ekin/MeV rms(x)/mm rms(y)/mm
150 T T T T T T T T
2 _
100 —
1 _
i _ \
0 | | | | | | | n | | | | | | |
0 2 4 4] 2 10 12 14 14 1} 2 4 & 2 10 12 14 16
normalized emittance offset(xX)/mm offset(y)/mm
T T T T T T T T T T T T
G & .
L4 n, X, full _ 1057 n,X,slice _ 1002 — ok ﬂt‘ _0107_.
gn,ref,full gll,ref,slice E""\-\.._\_;_L__\_\_ -
121 Sy full Eo v i T -0.151
' P =1.002 —2¥S —1.001 H’““u_ﬁ_h
gn,ref,full gn,ref,slice =05k h ¢ R“’“‘-H — u
| hor, vert i or, ver ~—
old config. old config. -
i j? l1 & 8 10 12 14 16 1] !_‘ L nIS :2 :IIISI ]I2 l1d 14
& E .
,u, full sl
u-v plane: ———=1.007 —====1.000

8n,ref,full

gn,v,full :1 051

gn,ref,slice

E .
n,V,slice — 1 001

gn,ref,full gn,ref,slice



more

phase space after ACC5; all modules on crest

coupler kicks coupler kicks coupler kicks
only from ACC1 only from ACC2 only from ACC3

T T T T T T T T T T T T T T
150 >()-5,ss< = 150 - 150~
100 3 o0 = 1oo-

%
S0 = L s0r - )
L3
o % — o % T o %
-50 | | | 1 | -50 | | | | | -50 | | | | |
-1000 —800 —600 —400 =200 a 200 =1000 —&00 —#00 =400 =200 1] 200 —1000 =800 —G00 =400 —200 1}
= s w0 sy = sy
R 50 R
£l T T T T S T T T T 0 T T T
)

il i il - ar
10 I 10 * 10-
o — o — il g
- ] -0 — 1

a0 | | | 1 | -a0 | | | | | -a0 | | | | |

=200 -100 a 100 200 300 400 =200 -100 1} 100 200 300 400 =200 -100 1} 100 200 300

slice centroid, phase = +- 2mm - 2n/A



TYPE |[ENERGY MU=/2m MUY/ 27

CAY 0.0155 0.4665 0467
CAY 0.0260 0.4853 0485

CAY 0.0365 0.4952 0495

CAY 0.0470 05019 0502

CAY 0.0677 05071 0507

CAY 0.0885 05117 0512

phase space after ACC5; all modules on crest Gy O RO AR i

CAY 01300 05205 0.521

coupler kicks coupler kicks CAY 01447 24721 2798

only from ACC3 only from ACC4 CAY 01554 24308 2.806

: : : : : ! : ; ; CAY 01741 24898 2815

il i L | CAY 01885 24990 2625
CAY 0.2034 25086 2534

CAY 02181 25185 2644

or i e i CAN 02328 252865 2854
CAY 0.2475 25391 2564

st . st . CAY 0.2622 25533 2.820
CAY 02760 25726 2685

oL . i L i CAY 02916 25894 2596
% ?«% CAY 03062 26091 2502

| | | | | | | | | | CAY 03209 26317 2508

Mo w0 ew a0 0 200 Moo w0 wm am a0 0 200 C AN 03356 2FE570 2914
= L CAY 0.3503 26840 2918

CAY 03650 27114 28923

3” ' ' ' ' ' 2 ' ' ' ' CAY 03797 27489 2530
CAY 03944 27635 2536

f 1 - . CAY 0.4091 27744 2544
CAY 0.4237 278258 20554

10 . iof- . CAY 04384 27894 25965
CAY 0.4531 27945 2585

o - o ] CAY 0.4678 27992 3019
CAY 0.4825 28030 3.064

ok | ol | CAY 0.4972 28088 3.157
CAY 05119 28131 3.195

- . . . . . - ‘ . . . . CAY 05266 28181 3222
=200 -100 1] 100 200 300 400 =200 -100 1] 100 200 300 400 C.“E".\l.l"l D541 2 28242 32‘,“:'
CAY 05550 28317 3.253

CAY 05706 28411 3263

AN 0.6853 28531 3.271 .
AN 0.e6000 28688 3.277 LN



