TTF2-s2e—dogleg-

ASTRA-Generator — see http://www.desy.de/xfel-beam/s2e/ttf2_v2.html
— see http://www.desy.de/xfel-beam/s2e/ttf2_v2.html

= case 4ps gaussian laser, no 3.9 GHz cavity (E. Schneidmiller proposal)

Marne
C00_casel
301 _mcad ko CSRErack, convert to CSRtrack; add wake
102 _bci) CSRtrack (E, = 124.425 MeV, r, = 17.29 cm)
)03 _mcad_to_astra convert to ASTRA
104 _askra b ko _be
)05 _mcad to CSRErack convert to CSRtrack; add wake
(06 _be2] CSRtrack (Eref = 380 MeV, r56 = 10.0 cm)
()07 _mcad_to_astra convert to ASTRA
)03 _astra_bc_ ko col
)09 _mcad_to CSRbrack convert to CSRtrack; add wake
I5)10_dogleqg | CSRtrack (Eref =, r56 = 0.47 mm)

a1l



< | European XFEL Beam Dynamics Group - Start-to-End Simulations: TTF2 S2E Files - Microsoft Internet Explorer

File Edit ‘ew Favorikes Tools Help ;',"
O Back - ﬂ IELI .l'\ 7 ) Search ¥ \ Favarites 6-‘ W - ?‘
Address @j hktp:f fwn, desy . def«fel-beam)sZefttF2_v2.html ~
Case 4 ps gaussian laser, no 3.9 GHz cavity ~
(E. Schneidmiller proposal}
Schematic Case 1: Mo CSRH, Mo Wakefields, Injector with ASTRA, Linac with ELEGANT
Injector - Linac - Undulator
Injector (up to 7=13.5%)
s Description of the Elements
& Input field maps for ASTRA: aperture, solenoids, rf qun, 9-cell structure, half-module, 3.9GHz cavity
s Input files for Poisson and Superfish : solenoids, rf qun, 9-cell structure,
nF!TRA Case 1 Case 2
Files
Input File = £
(ASTRA) tHf2.in tH2.in
Input File laser-100k- laser-100k-
{Generator) 500pc.in 500pc.in
laser-100k- laser-100k-
Input Laser S500pc.ini S500pc.ini
Distribution
laserttf2.pdf
ASTRA Injector Simulations Output Files | G\e(.:)
A@(’\'\
>
Case 1 \‘ \, Case 2
Dump E .
(at 2=13.59m) ASTRA file ] ASTRA file
| e 55 " SDDS file o
4 »
&] Done %J Local intranet




r56 of 1st BC (no CSR)

from Elegant file:
reference momentum = 124.425 MeV/c
1st BC: phi = pi/10 — r56 = -0.180717m

a0 | . . , , , , 00 T T T T T T T T
-r56/mm=180.7
400
30+ - -r56/mm=175.3
i1}
B{l} a - — Ell{l}
B 200 -
or i 100 Mﬁ%&gf—fw e YR
D ] ] ] ] ] ] ] i ] | ] ] ] ] ] |
-4 -3 -2 -1 i 1 2 3 4 0 005 0l 015 02 035 03 033 04
0,001 0001 70001 7 o.0oi

the following simualtions:
reference momentum = 124.425 MeV/c
r56 :=-0.172899m
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after 1st BC (r56=-0.1729m)

aver. of momentum

0.4 0.45 0.5
length f mim

0.55 0.4

rms of momentum (for shces); curr*const
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after 1st BC (r56=-0.1729m)

alpha, beta

10

025 03 035 0.4 0.45 0.5 0.55 0.4 045
lenigth fratn

Nina; D4BC2 + 1m drift
alpha=-0.17 -1.3
beta=0.93m 2.4
(ttf2-bc2-bc3-o0pl)




ASTRA to 2"d BC: course mesh

current / kA
0.4 aver. of momentum
3185
P\ -.-"""‘-n
0z 378
)
02 = 3775
/ =
,.-—-'"‘-".W
Y
01 = e 377
376.5
0 035 03 035 04 045 s 055 0G 065 07 023 03 033 04 0.45 05 0.55 e 065 0.7
tength / mm length / rmum
norm. emt. hor&wer fum; current*const ) "
é rms of momentum (for slices), curr*const
025
A
5
A idha\
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0.z

ASTRA to 2nd BC: fine mesh

current / kb
04

aver. of momentum
3TES

378

=
2
= a7s
=
“"_,,-r-u—l-"’ =
1_“_'__'__._.‘_.,__‘__,..-u..—r-----.
0.1 == e 377
0 6.5 023 03 0.35 0.4 045 1] 055 Oa | J-Elﬁj I EII'.I‘
025 03 0.35 04 0.45 0.5 0.55 0.6 065 0.7 ’ ’ ’ ’ ’ ’ ’ ’ ’ ’
length # toem
length / mm
norm. etnt. hor8ver F um, current®const

rms of momentum (for slices); curr®const
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025 03 035 0.4 0.45 0.5 0.55 0.a 0.65 0.7
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a mixture

before 2" BC after 2nd BC
long. phasespace current

S 1000

3T

200 \

A00

400

———

T

- \
oI

3?6'50.5 0.55 0.6 a5 07 075

fine mesh
“mixture” course-fine mesh

better method: ASTRA merge option , Klaus Floettmann 21. October



entrance 2"d BC (a mixture)

current / I
04
03 'ﬁ\
02 /
._',..r'""'-'“‘i-v.'
e e T
0.1 fe e
0
0.25 03 0.35 04 045 05 0.55 0.6 0465 0.7
length / mm
norm. emut hor&wer fwmn, current™const
i}
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3 il l\
L)
| J% | ﬁ\
A e e \

035 04 0.45 0.5 0.55 0. 065

0.7

IVLL Y L
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3185

aver. of momentum

378

s
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length / tn

rms of momentun (For slices); curr*const
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AN
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100

50

entrance 2"d BC (a mixture)

alpha, beta
B //“1. Jj
W - *M“wwff Jﬂ"'-.
71y
o
I —_— e -—— — - - a 1_‘1_‘_ _}
025 ns 0.35 0.4 .45 05 0.55 0a .65 0.7
length frn
Nina; D00982
alpha=2.0
beta=30.6m

(ttf2-bc2-bc3-o0pl)




after 2"d BC (r56=-0.099369m)

current / kb
1.5
1 A
0.5 /.r
,_._-—---—-—-—-"—'_‘—'—'—"""'J_"Fﬁj
1]
nz2 0.25 nz 03s 04 045
length / mm
notm. et hor&wer £ um, current®const
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e T T T T B
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IWevico
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aver. of momentum
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378
M5
3m
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3?60.2 025 0z 0.35 0.4 0.45
length / mm
rms of momentum (for shces); curr®const
0é
04 \\ /
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Jf &
A0
s o
. et 5 “-\__\‘\\
o— ] e e
nz2 0.25 0z 035 04 0.45
length / tim



after 2"d BC (r56=-0.099369m)

horizontal offset fmm  current®const alpha, beta
20
/ =
02 " 'J\‘, r /
e "
-—— —————T ] N N L7 e /\ //
02 e
5
04 ™
06 llSse—— _:__j-:_g;::ﬁh ~
85 0.25 03 035 0.4 0.45 K'Y 025 03 035 0.4 0.45
length frm length Amum
honzontal slope fmrad  current*const
0.02
001 f\\
e s Nina; D14BC3 + 1m drift
o S ot A ~ alpha=-0.29 -0.45
| TN N\ beta =6.7m 7.4

oo \‘/\ } (ttf2-bc2-bc3-opl)

-003 v,

o good agreement with pert. Theory

02 025 03 035 04 0.45 .
tength /mn — essentially 1st order effects

centroid offsets extracted for further calculations !



at 155m, 900 z-meshlines

current / kb
1.5
| A
0.5 /
._._'_.-'__-_._-_._‘_‘_._—'_—j_,—-‘_‘—/
0
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length / mm
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aver. of momentum
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o e,
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453 e S
452
02 025 03 035 0.4 045
length / mm
rms of momentum (for shices); curr™const
0é
04 \\‘\\//\
02 .’f ‘U/\
0 B
nz2 0.25 ns 035 04 0.4s
length / troen

careful convergence test still missing, but:



eV

at 155m, 300 z-meshlines at 155m, 500 z-meshlines

aver. of mormentum aver. of momentum
456 456

455 455

454 C;
o dad
%
=
A3 [ L TR 453 T T e T
[P e e s TS ﬁdﬁmﬁ~%,mwaw.;.- R
452 452
n2 025 03 035 0.4 0.4 oz 025 03 035 04 043
length / mm length / tom
at 155m, 900 z-meshlines
aver. of momentum
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o= dad
%
=

453

452

02 025 03 035 0.4 045
length / mm



at 155m, 300 z-meshlines at 155m, 500 z-meshlines

alpha, beta alpha, beta
\ '\
5“ N / e
w/ ) e w/,// }Cv
R R LT x\__\h T R _____.—-—""" \\“‘“x,,
T T T T Ve
02 025 D;_’\D;; /JVEM D%\ _\K /JM \
. . . lmgth - ! ! 1] 025 03 lmg;Bfm 04 045
at 155m, 900 z-meshlines
Nina; ??? (= 141.505m) el
alpha=??? // \
beta =?777?7m 50 pd
£2-bc2-be3- - W =
(ttf2-bc2-bc3-o0pl) Wﬁ/ f,.f'f \L/
wrong optic in ASTRA file 2?7 D _:;: /,:;:_ﬂ__
— matching to “design” values a
g g ‘——\\x /J\/ \

at entrance of dogleg

0.2 025 0.3 0.35 o4 0.43



entrance of dogleg: 900 z-meshlines, + Wakes (2 x module+LOLA) + matching

current / ko
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aver. of momentum
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ELEMENT 3EQUENCE

604
end

hegin
07
618
619
GZ5
GBZ6
634
635
643
G644

element occ.

Iame no.

DO1004a
QeTCOLOO

DOGLEG
D1ECOL
DOO7SE
QIECOL
DOO7SE
Q3ECOL
DOO7SE
QSECOL
Dozzo

D7ECOL

I L S s

L8554
L2584
946
L2748
196
524
246
LTTE
A3 6
837

2
2

. 695
. 695

1.404
0. 80

4

[l T RS - o Y -

763
546
. 509
. 507
52T
LTE5
. 604
401

alfax

[1]

2.
2.

204
204

1.43E

064
LBED
0.761
L7585
L 607
050
. 555
425

HORIZIONTALL

T o)
[2pi]  [men]

ooooo

px (ool
[.001]

Lo o Y o e o o Y

Dx

[m] [1]

000 0.
000 0.

000 0.

aoo
aoo

ooo

hetay alfay may ¥ica) pyico)
[r] [1] [2pi]  [mm] [.001]
Z2.586 8.673 Z.285 0.0000 0O.000
Z2.586 8.673 Z.285 0.0000 0O.000
Z.285 0.0000 0O.000
1T gtE—ea 251 Z.292 0.0000 0O.000
0.340 0.431 Z.452 0.0000 0O.000
0.581 -1.274 Z.599 0.0000 0O.000
6.7652 =-5.434 Z.676 0.0000 0O.000
7.008  4.807 Z.683 0.0000 0O.000
1.071 1.638 Z.735 0.0000 0O.000
0.636 -0.120 Z.8058 0.0000 0O.000
5.437 -2.769 Z.954 0.0000 0O.000
7.861 -3.336 Z.994 0.0000 0O.000
alpha, beta  (horizontal)

YVERTTICA AL

o oo oo ooooo

Dy
[m]

.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

oooooooooo

Qoo
Qoo
Qoo
Qoo
Qoo
Qoo
Qoo
Qoo
Qoo
Qoo

035

034

037

03z

039

04
lenigth A

0.41

0.42

0.43

0.44




dogleg (without sextupoles)

1.6614m

0.3286 m
k = 4.2485

Kk

Isg = 0.468 mm
ts66 = 54.8 mm
with sextupoles (not used in CSRtrack):

Isg = 0.468 mm
tse6 = 17.8 mm



1m after dogleg

current f lod
aver. of momentum
455
o, =0.9 um
] 7 SUD ™
S used for CSR calc.) 454 em—es
3 |
w453
% y
=
1
452
— 3
] . .
— 451 f
Y3 03 0w 03 0w 04 041 042 04 044 e 1 D'j oal - pa o na 0
length / mum enigth / e
) _ ®
. nortn. ermit. hordver fum; current®const rms of mormentum (for slices): curr*const
0.6
| e SN T |
e ! l] N R 0.4 \ |
g o
2 & I E -;
.--""""-.--\__ B
N Iy .
- [ Lo — 02
"“-»..._.vjf-‘“\ 1 L - i
1 ; = T e 4
L — e n \
VI N |
T n, ) R
_— —~ e SRR I
T ] ] DD.35 0.3a 0.37 0.38 0.3e 0.4 0.4 0.42 043 0.44
DD.ES 0.3a 0.37 0.3s 03e 04 0.41 0.42 043 0.44 length / mm



1m after dogleg

ELEMENT SEQUENCE I HORTIZIONTA AL I VWERTTICAL
pos. element ooc. di=st I betax alfax T X ool pxico) Dx Dpx I hetay alfay oy vico) pyico) Dy Dpy
no. name no. [1a] I [1a] [1] [2pi] [rean] [.001] [ra] [1] I [1a] [1] [Z2pi] [ Tura] [.001] [1a] [1]
604 DO100A 15 138.529 Z2.695 2.zZ04 Z.Z05 0.0000 ©0.000 0O.000 O.000 ZZ.586 8.673 Z.2Z55 0.0000 ©0O.000 0O.000 O.000
end Q9TCoOLOn 1 1358.5:259 2.695 2,204 Z2.205 0.0000 O.000 0,000 O.000 22.586 B5.673 Z.285 0.0000 0.000 O.000 O.000
hegin DOGLEG 1 135.554 1.404 1.432 Z.237 0.0000 0.000 0O.000 0O.000 16.853 7.475 Z.2585 0.0000 0.000 0O.000 0,000
607 D1ECOL 1 139.254 0.603 0.561 Z.305 0.0000 0.000 0.012 0.061 11.410 6.231 Z.292 0.0000 0.000 0O.000 0,000
615 DOO7SE 1 140.946 4,763 -3.064 Z.590 0.0000 0O.000 0O.114 0.061 0.340 0.431 Z.452 0.0000 0O.000 0O.000 0,000
619 Q3IECOL 1 141,274 4,546 3.620 Z.600 O0O,0000 O.000 0,.107-0.099 0.581 -1.274 Z.599 0.0000 0O.000 O.000 O.000
625 DOO7SB 3| 142.196 0.509 0.761 Z.704 0.0000 0.000 0O0.016-0.099 6.7652 =-5.434 Z.676 0.0000 0.000 O.000 O.000
G626 Q4ECOL 1 142.5:24 0.507 -0.755 2.827 0.0000 0O.000 -0.016-0.099 7.008 4.507 Z.683 0.0000 0.000 O.000 O.000
634 DOO7SE 5 143.446 4,527 -3.607 Z2.931 0.0000 0.000 -0.107-0.099 1.071 1.638 Z.735 0.0000 0.000 0O.000 0,000
635 QSECOL 1 143.774 4,745  3.050 Z2.941 0.0000 ©O.000 -0.114 0,061 0,836 -0.120 Z.805 0.0000 0O.000 0O.000 0,000
643 DOz2zZ0 1 145.436 0,604 -0 =] 3.222 0.0000 0.000 -0.012 0.061 : A=) Z2.984 0.0000 O0O.000 0,000 0,000
644 D7ECOL 1 145.837 @ 3.293 0.0000 ©0.000 0O.000 O.000 Z.994 0.0000 0O.000 0O.000 O.000

l 1m drift

6.414 -3.588 \zn alpha, beta

10

_IDEI 35 0.36 0.37 032 039 0.4 0.41 0.42 0.43 0.44

length fnrn



compression in dogleg much stronger than expected by r56 !?

eVl

455

454

453

452

451
]

CSRtrack
reference energy = 450 MeV

aver. of momentium

TR AT

REFRRE N

b
fof
35 0.36 0.37 03g 0.39 0.4 0.4 0.42 043 044
length / mm
current f kb
35 036 037 038 039 0.4 041 042 0.4z 0.44
length £ rum

just r56:
56 = 0.0005 k=0 rows(ms) — 1 22y = xmsl 4 — o6y 5
C =3 to_curl22,025-107 % 051077 3108 )
aver. of momentum
455

454

L DR AR TSR )
SR PR A B 3

453

eV e

452

451
033

034 037 03z 039 0.4 04

length / mm

042 043 044

2000

1500

1000

current /&

00

DD.ES

034 037 0.3e 0.4

length / mm

0.41 0.42 0.43 0.44



WEV O

455

454

453

452

451

2.5

1.5

0.5

CSRtrack, without force
reference energy = 450 MeV

aver. of momentium

035 03a 037 038 0.39 0.4 04 042 0.43 044
length / min
current /£ kA
35 036 037 03z Rci=] o4 041 042 043 0.44
length f i

455

454

453

MV /el

452

CSRtrack, without force
reference energy = 453.5 MeV

aver. of momentum

451
035 0.36 037 03z 03 0.4 041 0.42 0.43 0.44
letigth / mtm
current / kA&
15
1
05
I:&|.35 038 0.37 038 0.39 0.4 0.41 0.42 0.45 0.44

lenigth / rmum




1.5

0.5

b

b

1m after dogleg, ref.

current / kb
— ) R
oy, =0.5 um
(used for CSR calcl)
..-r""",-.- 1\'
Iy \\
__‘-_\‘\.\_‘_‘_‘_‘_‘_‘_‘__‘_‘_
35 0.3a 037 038 nze 04 04 042 043 0.4
length f mm
notm. et horever fum; current®const
P"’N’ ey \/\ H‘"‘-—--_.,
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length frm

energy = 453.5 MeV

awer. of momentum
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, R
' Ptk a S ERSR S TR ROC S
T e [
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n .
%
452 3
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035 0.36 037 0.3z 039 0.4 0.41 0.42 0.43 0.44
length /
rms of momentum (for shces); curt*const
0.4
| \\
04 \\
=
3 \,«
L)
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;
02
FRI e S—
r, 1.'~ _\_‘_‘_\_‘_‘-

DEI.35 0.36 0.37 0.38 0.39 0.4 0.41 0.42 0.43 0.44



ELEMENT 3EQUENCE

604
end

hegin
G607
G615
619
G625
GZ6
634
635
643
Gdd

I HORIZIOCNTALL I VWERTTICAL
di=st I betax alfax T X ool pxico) Dx Dpx I hetay alfay oy vico) pyico) Dy Dpy
I [ra] [1] [2pi]  [wmn] [.001] [m] [1] I [ra] [1] [2pi]  [ram] [.001] [m] [1]
. 529 Z2.695 2.zZ04 Z.Z05 0.0000 ©0.000 0O.000 O.000 ZZ.586 8.673 Z.2Z55 0.0000 ©0O.000 0O.000 O.000
529 2.695 2.204 Z.208 0.0000 0.000 0O.000 O.000 Z2.586 8.673 Z.285 0.0000 0.000 O.000 O.000
G54 1.404 1.432 Z.237 0.0000 0.000 0O.000 0O.000 16.853 7.475 Z.2585 0.0000 0.000 0O.000 0,000
254 0.603 0.561 Z.305 0.0000 0.000 0.012 0.061 11.410 6.231 Z.292 0.0000 0.000 0O.000 0,000
946 4,763 -3.064 Z.590 0.0000 0O.000 0O.114 0.061 0.340 0.431 Z.452 0.0000 0O.000 0O.000 0,000
274 4,545 3.620 Z.600 0.0000 ©O.000 0O.107-0.099 0.581 -1.274 Z.599 0.0000 0O.000 O.000 O.000
196 0.509 0.761 Z.704 0.0000 0.000 0O0.016-0.099 6.7652 =-5.434 Z.676 0.0000 0.000 O.000 O.000
524 0.507 -0.755 Z.827 0.0000 0.000 -0.016-0.099 7.008 4.807 Z.683 0.0000 0.000 O.000 O.000
446 4,527 -3.607 Z2.931 0.0000 0.000 -0.107-0.099 1.071 1.638 Z.735 0.0000 0.000 0O.000 0,000
s 4,745 3.050 Z.941 0.0000 0.000 -0.114 0.061 0.636 -0.120 Z.805 0.0000 0O.000 0O.000 0,000
436 0,804 =0 =] 3.222 0.0000 0.000 -0.012 0.061 : A=) Z.954 0.0000 0.000 0O.000 0,000
837 @ 3.293 0.0000 ©0.000 0O.000 O.000 7.861 -3.336 Z.994 0.0000 0O.000 0O.000 O.000
l 1m drift
alpha, beta
6-414 -3.588 Nm
-10
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conclusion, experiences

» s2e is lengthy procedure: 4 x ASTRA (including GUN + after dogleq)
3 x CSRtrack
6 x conversion and/or wakes

 dogleg to undulator + Genesis still missing

 convergence test

e automatization

e improved ASTRA mesh; (but not user-friendly)

 low energy (450MeV): SC effects before dogleg are important

« compression in dogleg touchy; sextupoles should be considered

...........................

01 _mcad_ko_CSRkrack
)03 _mcad_ko_astra
)04 _astra_bc_ko_bc
J05_mcad_ko_CSRErack
307_mcad_kto_astra
103 _astra_bc_ko_col
309_mcad_to_CSRkrack 0 s
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