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X-band structure and wake effects
(¢, dependence)

AViyake (S) _
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Even for 250 pC with 6z = 100um,
the energy modulation due to present X-band is less than 1%.
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Preliminary K-band structure*

K-band structure gradient [MV/m] *
Structure Length [m]

0.14 0.3 0.5 0.8 1.1
T2 3290  |[3092 2867 | 2570 @ 23.14
E 3 15.33 14.97 14.54 13.92 13.33
£ 4 8.91 8.79 8.64 8.43 8.22
g 5 5.77 5.71 5.65 5 56 5.46
<6 411 408 405 400 395

*scaled from 1MW results(old), curtesy by Graeme Burt (Cockcroft)

Cell parameters to use for evaluating wake effects

P_in [MW] a [mm] g L(120°) Ez[MV/m, max]

51
8 2 2178 2778 30 => 25 (updated)
52 3 15

*updated from Graeme Burt Team, Dec 3, 2018
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*K-band Structure Design (by X. Wu@CERN):; N |
. Structure analytical optimization irz i
- Working at 36 GHz, 2r/3 mode 8 b |
« Constant impedance structure
« 22.4 MV at 8 MW input power for 1 meter Ka-band °
structure
- Consistent with Lancaster’s results |_
—%0.45
/ 10.4

10.35




K-band longitudinal wake effects

oz[um] 300
0.0F Qlpc] | 250
0 55 N 100000
Bt * a(5) 0.03%

~1.0f
15}
20},
~25}
-3.0¢

o 2mm,25 MV/m,120°
a  3mm,15 MV/m,120°

2mm,85 MV/m,180°
a  3mm,45 MV/m,180°

[%]

1000 -500 O 500 1000
Z[pm]

2mm-25MV/m’ and ‘3mm-15MV/m’ are similar for the longitudinal wake:
1~3% of energy modulation to the bunch core(+102z).

Keep in mind that transverse wake is greatly affected by the aperture size
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¢, Rz, and compression ratio (C)
Az, E,q M" N Compressmnlratlo ~

" *note (¢S> 0,Rs6 < 0)
Vace: s Rse | is similar by Syr;metry
1 Az 0.020f
C Az _
I — 5
:1+R56i ,:,'._-‘*53{}.{}15— l 10
AZl [ 1
— 1 R56k tan¢5 20
Eo +1 0.010} — 10
V%CCIS; -(I)ip | E 0 < Vacc: ]
in | _
=14 : | = 1/ (1+R56k tanc/)s)
O + Coss 0.005t, , »
Vace 20 18 16 14 12 10 -8 -6

. o ¢s[degree]
Concerning the parameter sensitivity:
(1) (¢s, Rs, C) is a set; (2) Smaller C; (3) proper range of ¢
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., Rz, and C (continued)

Ey/V,.. denpendence

0025F / / / i
Based on the design choice 0.0201 4 / _
Of Eq [V , the (s, Rsg, ) | / | Fo/Vace
set should be changed altogether # 001s| / : {1}_5
_ / | 0.1
u_um'ﬂ//.-f”’ ] —0
Q.1 ' [ Reyk tang,
e.g. in two MCs setup, design of MC2 T C=sk 1/ ok tang )
. -V—O Cosdps + 1
0005b . . 1. . L feee | L]
-20 -18 -16 -14 -12 -10 -8 -6
¢s[degree]
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Coherent Synchrotron Radiation

"""'i" 6'
107 [ fully coherent, L — -
P 4 [coherent | energy independent ‘ mCOherent_ [
F@T — 1 — 5-
10° - § [
L | S 4;
P—) [ oz[um]
i N > |
o kb i 3 3: R56[mm] 22
Ok J [ L1[m] 6
L | 2'_ Ld 0.25
Lr . A L ’
] | | | | | | ] [ ]
) - e 0 500 1000 1500 2000 2500
c/o,
E[Me
*B. Beutner. Phd Thesis, 2007, Hamburg [MeV]
; g .2
o, ® R/y 0o = R Rse = 205(Ly + §ld)

Expect strong CSR effects in the bunch compressor(s)!
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Injector Options

BeamA BeamB BeamC
Avni*-250pc Mohsen*-100pc-2 Mohsen-50pc-1

Q[pC] 250 100 50

E_inj[MeV] 101 101.7 101.7
energy spread[%] 0.5 0.33 0.33
| peak[A] 80 460 560
ot[fs] 974 73.5 33
oz[um] 292 22.05 9.9
ox,y[mm] 0.12 0.2 0.2
ex,y[mm.mrad] 0.4 0.62 0.68

— Full x-band with two BCs One BC? No BC?

* A. Aksoy@AnkaraU
* M. D. Kelisani@IRFS
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BeamB
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Intensity[A]

Intensity[A]

wakeFlag

S
5
X-band :
Acc
40 -20 0 20 40
z[pm]
L1[m]: 3.11172
Final:
E[MeV]: 299.604 oz [um] 21.9464
wakeFlag
10} ]
.;I'iiiliiiiiilltgsag%__.__:
03| i
- -.:"j;.'oill I.l““i.'mii-i ...............
% 0.00™ ...-:'iiiillli""'
X-band
é 05
Acc .
—10F vt
=30 -20 -10 0 10 20
z[pm]
L1[m]: 3.10938
Final:
E[MeV]: 299.774 oz [um] 10.8554
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BeamA(x-band

E=100.987 MeV 0z=292. um

M0
-600-400-200 O 200 400 600
z[pm]
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Intensity[A]

acc. & k-band)

Total Charge[pC] 250
EO[MeV] 100
Z0[um] 292
L1[m] 1.45
phi_1[deqg] -12 12
Vk ?
phi_k -180
E1[MeV] 105~275 185~275
C1(R56) R56>0 (Chicane)  R56<0(Arc)
Z2[um] ~35
L2[m] -
phi_2[deqg] -10 10
E2[MeV] ~300
with K-band: S1(2mm) and S2(3mm)



Structure Length[m]

S1:2mm-25MV/m Vs. S2: 3mm-15MV/m

1.8
1.6
1.4
1.2

0.8
0.6
0.4
0.2

150

200 250 300
E1[MeV]
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1.8 0.05
1.6 0.045
’)
. 1.4 1 0.04
£ g 0.035
c 12 = - ¢ -51,phi<0
o0 0.03 ,
o 1 o -*-S2,phi<0
- . ~<? 0.025 wn _
L 08 3mm. - s = ——S1,phi<0, R56
g = ! 0.02 $2,phi<0, R56
1 ,Phi<0,
g 06 i 0.015 ,
&a ——S1,phi>0, |R56|
0.4 o” 0.01
2mm ——S2,phi>0, |R56|
0.2 0.005
R56~92'
0 O TOAE 1
100 150 200 250 300 7, Desr~OR3, () o,csr~0pR3 /¥

E1l[MeV] * S. Di Mitri, lecture at USPAS

Where to put the k-band? 200~250 MeV
S1 (2mm- 25MV/m) 0.6~0.8m (15~20MV)
S1 (3mm- 15MV/m) 1~1.4m (15~20MV)

0.022~0.025

K-band structure length?

R567? Chicane or Arc? Chicane
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Transverse wake kick by K-band

Transverse jitter: Ay = 10~15% o,

—_
o O N

Transverse kick[urad)]

o N BAROOoO

Z[pm]

< By > 6m
€ny 0.4 um
E 230 MeV
oz[um] 300
QIpC] 250
N 100000
a(d) 0.03%

o 2mm,0.10y,0.75m,19MV

s 2mm,0.150y,0.75m,19MV
3mm,0.10y,1.25m,19MV

o 3mm,0.150y,1.25m,19MV

oy = /e/ﬁy = 12 urad

The transverse kick due to short-range wake field kick seems acceptable in both
cases given 10~15% g, jitter in present rough estimation.
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1D Longitudinal Optimization with Wake

By Andrea Latina (CERN)




XFEL-Code 1D (A. Latina)

X0uPhase
sh:veltege
KO:Phaze
Ki:valtage
BCI:RER
BC1GRO
K1i:Phaze
¥1:Voltage
BC2:REE
BClapPo
Hi:Phaze

®ZxVollage
B x-pand wakes

Regel

B k-nand wakes
Save Plol

bcl sigmaZ = 34.807 um

bcl meanE = 0.30007 GeV

bc2_sigmaZ = 8.7351 um
linac2_meanE = 3.9991 GeV

sigmaE = 0.0025413 GeV
sigmaE_E_percent = 0.063547

sigmakE_slice = 0.00032475 GeV

-1.18
arin
164
28.8
-0.0554
omn
FLIE
2.000
-0.0012
0.47
=51

4.913

Saue

dag

[
dag
[

m
PFmin .. Pmax
dag
G
m
Pmin .. Pmax
dag

G

il

sigmaE_E_slice_percent = 0.0081228

P [GeV/c]

P [GeV/c]

4 GeV beam —> uniform current

*X-band: Frascati’s XLS structure

*K-band:

a=2mm,L=0.75m, G,

after Linac-0 and K-band
0.304 -

0.303 -
0.302 -
0.301

P [GeV/c]

0.3
0.299 -
0.298 -
0.297 [N N N N N B

-126000@06600406200 0 200
t [um/c]

after BC2

0.98
0.97
0.96
0.95 -
0.94

P [GeV/c]

0.93 -
0.92 -

0.91

-20-1510-5 0 5 101520
t [um/c]
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after BC1
0.304

0.303 -
0.302 -
0.301

P [GeVic]

03
0.299 -
0.298 -
0.297 I TR N N R N

-80-60-40-20 0 20 40 60
t [um/c]

after Linac-2

4.006
4.004 |- #\
4.002 - e

3.998 -
3.996 -
3.994 -

992 1 1 | 1 1 1 | |
-20-1510-5 0 5 101520
t [um/c]

0.98
0.97
0.96
0.95
0.94
0.93
0.92
0.91

=25 MV/m

after Linac-1

-60-40-20 0 20 40 60
t [um/c]

Current

-40 -20 0 20 40 60
t [fs]




XFEL-Code 1D (A. Latina) _
6 GeV beam —> uniform current

XLS Optimiser

X0::Phase \ 11 44.78 deg
X0:Valtage | L 4542 v *X-band: Frascati’'s XLS structure
K0::Phase 1] -150 deg
* .
KO0::Voltage \ 11 47.8 MV K_ ban d .
Bt:Rse | — 00040 " a=2mm,L=0.75m, G, =25 MV/m
BC1::PO ] 0.11 Pmin .. Pmax
X1:Phase | - 38.61 deg after Linac-0 and K-band after BC1 after Linac-1
X1:Voltage | L f 2.403 GV 0.34 034 - 504 —
BC2::R56 \ L1 -0.0021 m 0.33 033 - 2o |
BC2:PO \ 1] 0.63 Pmin .. Pmax 032 - 032 - '
X2::Phase \ L1 -43 deg T 031 T 031 r o) 22
X2::Voltage | 11 5.264 GV > 03 > 03 L %J 218 |
h ’ T o (O
2 X-band wakes K-band wakes E 0.29 L E 0.29 - E
Reset Save Plot Save Quit 2.16 |-
0.28 0.28
0.27 | 027 L 214 1
026 | | | | | | | 026 | | | | 212 | | | |
. _ -120000@06600400200 0 200 -100 -50 0 50 100 -100 -50 0 50 100
bcl sigmaZ = 33.765 um . { o/l ¢ fum/l
bcl_meanE = 0.30000 GeV after BC2 after Linac-2 Current
2.24 6.03 - . 14 —
bc2_sigmaZ = 9.7789 um oo | 6.025 H 12 .
linac2_meanE = 6.0000 GeV ool 6.02 - | 10 .
5 2 T 6.015 - iz . |
. E 218 E 6.01 =
sigmak = 0.0032871 GeV = 2 o005 L g 6 -
. 216 - : =
sigmakE_E_percent = 0.054785 6L 4 .
214 |- 5.995 |- 5 _
1 H - 212 | | | | | | | 599 B)I | | | | | | 0 | | | | |
S!gmaE—Sllce_ 0000090374 Gev -20-15-10-5 0 5 10 15 -20-15-10-5 0 5 10 15 -60 40 -20 0 20 40 60
sigmaE_E_slice _percent = 0.0015066 t [um/c] t [um/c] t [fs]
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X0::Phase
X0::Voltage
KO::Phase
KO::Voltage
BC1::R56
BC1::PO
X1::Phase
X1::Voltage
BC2::R56
BC2::PO
X2::Phase
X2::Voltage

X-band wakes
Reset

XFEL-Code 1D (A. Latina)

XLS Optimiser
\ L1 47.09
\ 1 [ 4790
\ -151
\ L1 45.3
\ 1] -0.0035
\ 0.1
\ L1 47.53
\ 3.180
\ 11 -0.0016
\ L1 0.26
\ 11 -27
\ 15000
K-band wakes
Save Plot Save

bcl sigmaZ = 33.765 um
bcl meanE = 0.30000 GeV

bc2_sigmaZ = 9.9865 um
linac2_meanE = 9.0000 GeV

sigmaE = 0.0029932 GeV
sigmaE_E_percent = 0.033257

sigmaE_slice = 0.00011149 GeV
sigmaE_E_slice_percent = 0.0012390

deg

MV

deg

MV

m
Pmin .. Pmax

deg

GV

m
Pmin .. Pmax

deg

GV

Quit

P [GeV/c]

P [GeVic]

9 GeV beam —> uniform current

*X-band: Frascati’s XLS structure

*K-band:

a=2mm,L=0.75m, G

after Linac-0 and K-band
0.36
0.35 -
0.34 -
0.33
0.32 -
0.31 -
0.3 -
0.29 -
0.28
0.27 +

P [GeVi/c]

0.26
-120000@00606406200 0 200
t [um/c]

after BC2

o
S
I

P [GeVic]

234 Lo
-20-15-10-5 0 5 10 15

t [um/c]

after BC1
0.36 -
0.35 -
0.34
0.33 -
0.32 -
031
0.3 -
029 -
028
027 -

26
-60 -40 -20 0 20 40 6
t [um/c]
after Linac-2

9.03 -
9.025
9.02 -
9.015
9.01 -
9.005

9 L
8.995 -

k)
iy w0 @ =5

8.99 L
-20-15-10 -5 0 5 10 15

t [um/c]
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max

P [GeV/c]

=25 MV/m

2.5
2.48
2.46
2.44
2.42

2.4
2.38
2.36
2.34

after Linac-1

-40-20 0 20 4
t [um/c]
Current

60

-20 0 20 40
t [fs]



Summary and tasks to follow

k-band structure (at this moment):
a—- 2~3mm, length - ~1m,V - ~20 MV

Present results/conclusions are based on given
Injector options; more close collaborations with
WP2/3/4 expected,;

Tasks to follow:
CSR effects (1D model)
Transverse motion design

Simulation tools adaption/development (6D tracking
with SC, wake & CSR) S2E solution

Multi-parameters design optimization
Stability study/Error analysis
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XFEL-Code 1D (A. Latina) _
4.6 GeV beam —> uniform current

XLS Optimiser

X0::Phase 1| 44,78 deg
xo:vohiage | LI 4542 v *X-band: Frascati’'s XLS structure
K0::Phase 1] -150 deg
* .
KO0::Voltage \ 11 47.8 MV K_ ban d "
BCT:RGS | L -0.0040 m a=2mm,L=0.75m, G, =25 MV/m
BC1::PO ] 0.11 Pmin .. Pmax
X1::Phase \ 11 66.50 deg
X1:Voltage | 1] 2106 GV after Linac-0 and K-band after BC1 after Linac-1
BC2::R56 \ L -0.0009 m 0.34 1 0.34 1 12 r
BC2:PO \ 11 0.22 Pmin .. Pmax 0.33 - 033 - 1.18 -
X2::Phase \ 11 -50 deg - 0.32 |- _ 032 I _ 1.16 -
X2:Voltage | N 5.397 GV S L 03ty S 114 b
2 X-band wakes K-band wakes & 03 & 03 1 i 119 L
Reset Save Plot Save Quit o 029 o 029 - o
0.28 - 028 | T
0.27 |- 0.27 |- 1.08 |
. 026 | | | | | | | 026 | | | | 106 | | | |
bcl sigmaZ = 33.765 um -120000@B06608406200 0 200 100 50 0 50 100 100 50 0 50 100
bcl_meanE = 0.30000 GeV tlumic] Hum/e] Hum/e]
after BC2 after Linac-2 Current
. 463 a T T T T
bc2_sigmaZ = 10.412 um 4,605
linac2_meanE = 4.6003 GeV 462 . _
4,615
: 9 2 4st
sigmak = 0.0043391 GeV & & 4605 - 7
. = = 46
sigmaE_E_percent = 0.094324 o & o5 I |
459
. . 4585 |-
SIgmaE_SIICe = 0-00013086 GeV 106 I I I I I I | 458 | | | | | | | 0 | | | | | |
sigmaE E slice percent = 0.0028455 -20-15-10 -5 0 5 10 15 -20-15-10 -5 0 5 10 15 -80-60-40-20 0 20 40 60
- — — ' t [umic] t [um/c] t[fs]
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K-band(a=2,g=25MV/m),¢p. < 0

Total charge: 250 pC

Average energy is: 298.864

Cic

-1 -DTHrIEFI= Average B is: 0.999999 -02 DT+

»
«
!

Peak current:2000.62 A <
& oE=0.510 MeV gz=35.6 um
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‘ ' ' 05} .
-1.0}
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elym] = < T
ol =
W @
CIRS6:  0.0440916 T c
Ll[m]: 0.141759 L2: 3.05409 Lk: 0.22 d ..q_e
After first X-band acceleration: E C1RS6: ©.0398637
E[MeV]: 104.457 oz [um] 292.434 Ll[m]: 0.141759 L2: 3.07127 Lk: 0.264
After Compressor: After first X-band acceleration:
E[MeV]: 104.457 oz [um] 35.6424 - - E[MeV]: 103.525 oz [um] 292.434
Final: _50 0 50 100 After Compressor:
E[MeV]: 298.864 oz [um] 35,6424 E[MeV]: 103,525 oz [um] 34,7941
Zium Final:
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05F T
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-1.0}p
—1.5¢
L . .
-200 -100 200
C1R56: ©.031315
Li[m]: 0.770891 L2: 2.48389 Lk: 0.36
After first X-band acceleration:
E[MeV]: 140.701 oz [um] 292.434
After Compressor:
E[MeV]: 140.701 oz [um] 35.1699
Final:
E[MeV]: 298.824 oz [um] 35.1699

Total charge: 250 pC

Average energy is: 298.824

Average 3 1is: 0.999999

Peak current:1215. A

AE/E[%]

000 _o©0000
orMvCORD®

oE=1.05 MeV 0z=35.2 ym
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z[pm]
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-50 0 50
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After first X-band acceleration:
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After Compressor:
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Final:

E[MeV]: 299.896 oz [um] 36,2934




Cle Cle Cle

24 D IFIRRE= Total charge: 250 pC 11 -+ al¥|—
C Average energy is: 298.756 ”
-12 =D l+lalzl— . ~ — =TS
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After Compressor: After Compressor:
E[MeV]: 185,382 oz[um] 34,3894 -1. *10 E[MeV]: 182.05 oz [um] 35.0649
Final: ' ' ' ' ' : ' . Final:
E[MeV]:  208.756  oz[um]  34.3804 -40-20 0 20 40 60 80 EiMeV]:  299.927  oz[um]  35.0649

z[um]

&)

N/ S




e Total charge: 250 pC cle

-2.5 =+ [zl [— ) -1.2 bl 1L ol £ -
Average energy is: 298.687
# ”
12 D+ r]= Average B is: 0.999999 _12 IERES
£ Peak current:776.249 A =
= +||R]¥]|[— alw
' 0E=2.47 MeV 0z=35.9 um w  |EPHEEIE
Lke Lke
-025 =l ri+][=]=] = 304. 700 0,05 -+ aly =
= 302. 600. °
-1 =l 2l e | = ;'300 SOOS -10 = L B B
NAKeEiRg % 400 g wakeFlag
1 T[RRI E298 300_.0_), 0 [+l [r]%][—
[
S 296. fgg- = e
2l _ .
294, 0. 2t ]
e ] -40-20 0 20 40 60 80 - ]
T B = T
T of ] Z[pm)] % ok ]
-1t T E=298.687 MeV 0z=35.9 um -1f ]
_al ] —at E
200 —100 200 700. T — 550
z[pm] 600. =
— < z[pm]
S 500. =
. Y 400. ‘»
CIR56:  0.8235251 0 c CiRs6:  0.020418
L1[m]: 2.34372 L2: 1.07401 Lk: 0.75 300. ©
) T < = Li[m]:  2.34372 L2:  1.15212 Lk:  ©.95
After first X-band acceleration: 200 —_ After first X-band acceleration:
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After first X-band acceleration:
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