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XFEL Injector Lattice Layout
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Beam Optical Functions in the Injector
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Simulations Setup

RF-Gun Cathode Laser Booster
Field Balance= 1.04 Temporal Profile: ACC1: 8XTESLA

Gauss 6.00ps rms cavities:

(FWHM: 14.1ps) 1st cavity centered at
z=4.0401m - 1stiris at
z=3.637m

E..n=50.00-53.00MV/m  Transverse: radial Epeak=34.42MV/m

homogeneous Phase=0.0 degree
Solenoid: main centered Solencid Main
at z=0.276m
Bucking coil at
compensation

. 2 QUAD
| GUN_| , ACC1-BOOSTER |y ACC39

Goals & Tasks: - minimized transverse emittance at the 15t quadrupole (z=14.44m)
- matchable optics 2> B<100m, |a|<5 @15t quadrupole
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Summary of the Emittance Measurements in 2016

Charge, Horizontal, Vertical,
[pC] [mMm mrad] [mMm mrad]

0.56+0.01 0.64+0.01 0.230
100 0.77+0.02 0.83+0.03 0.247
500 1.28+0.02 1.23+0.03 0.924
1000 2.95+0.02 2.81+0.03 1.903

Machine Parameters during Measurements

Gun 50MV/m, -45 deg

Laser Gauss, 6 ps rms

BSA 0.5-1.2-1.5 mm
Solenoid Accordingly adjusted

* B. Beutner “European XFEL Injector Commissioning Results”
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Summary of the Emittance Measurements in 2016

Measurements* Simulations

Charge, Horizontal,  Vertical, ASTRA Xtrack at ESlice OE peaks | max
[pPC] [mm mrad] [mm at 14.45m FODO um [keV] [A]
mrad]

50 0.561£0.01  0.64+0.01 0.230 0.236 0.159 0.26 3.44
100 0.77+0.02 0.8310.03 0.247 0.285 0.183 0.42 5.88
500 1.28+0.02 1.23+0.03 0.924 1.086 0.661 1.24 24.3

1000 2.95+0.02 2.81+0.03 1.903 2.033 1.268 1.93 38.3

- Best agreement for the 500pC case

- Huge discrepancy between measured and simulated
emittances for other charges due to:

- Most effort was set to establish performance with 500pC bunch charge

- Other charges got less priority

- Certain issues with screens for small beam spot size

- Multi-quad scans with enlarged beta function needed for correct
measurement of the emittances with small bunch charges

* B. Beutner “European XFEL Injector Commissioning Results”
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Simulations for 1nC Bunch Charge, GunV=50MV/m

top wiews normalized projected emittance hor and vert heta functions, fracked and design
2 T T T T T T T T T 45 T T T T T T T
: : : : l= al
©
=
—_ 4 E
g E 2
- a
x -4 o
4
= Zr
1 E
: : : : . @ : : :
-3 | | i i i i | 15 i i i i i i | i
- -6 -4 -2 0 é 4 [} i} 1} 5 10 15 20 25 a0 35 40 45
5 = -ct [mm] position [m]
side view normalized projected emittance, without z-correlation
4 T T T T T T 3 e
: : - : :
£
£
. = Zaf
E =
£ E
e @
= i}
5 2zt g
=
£
: : : ® : :
4 | i i i L 1 i 15 1 i i i L I i i
- -6 -4 -2 0 2 4 [} i} 1} 5 10 15 z0 25 30 35 40 45
5 [mm] positian [m]
longitudinal phase space hor offset [mm] heam evolution
1304 . ; T T T T . 3 vert offset [mim] T T T T T
: : : . rms bunch length mm] : :
’_130_2 7l ctime offset [t i
= - -
iy N . N N N
Zoqan| NG 1 | Charge 1 nC
=
= 1298 0 -
]
=
@ 1296 1k e o
129s ‘ ‘ ; ; : ; ‘ Y I S R S N S R Gun 50MV/m; 0.0deg
- -6 -4 -2 0 2 4 [} i} 1} 5 10 15 20 25 30 35 40 45
5 [mm] position ]
current reference energy energy profile
50 : - .- 20 mzan eneray L . Laser Gauss, 6ps rms
i 1 energy deviation [eV] :
150 F T T PP T p— .. J-2
ant 1= :
2 100 + BSA 1.5mm
20 F Eim :
ol | 50_ : . : J-B
7 : B : . B B 5
H : : . H : 1} .
o L L 1 1 1 1 o 1 i 1 1 1 1 i 1 81
- -6 -4 -2 0 é 4 [} i} 1} 5 10 15 20 25 a0 35 40 45 SOIenOId 31 8'0 A
s [mm] position [m]

Yauhen Kot | PITZ Physics Seminar| 12.10.2015 | Slide 12



Simulations for 1nC Bunch Charge, GunV=50MV/m
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Simulations for 500pC Bunch Charge, GunV=50MV/m

top view normalized projected emittance hor and vert beta functions, tracked and design
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Simulations for 500pC Bunch Charge, GunV=50MV/m
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Simulations for 100pC Bunch Charge, GunV=50MV/m
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Simulations for 100pC Bunch Charge, GunV=50MV/m

top view normalized projected emittance
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Simulations for 50pC Bunch Charge,

GunV=50MV/m

top wiew normalized projected emittance hor and vert beta functions, tracked and design
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Simulations for 50pC Bunch Charge, GunV=50MV/m
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Emittance Measurements for 500pC Bunch Charge from April 2017

Some Statistics over Emittance Measurements for 500pC Bunch Charge

® 53.0MV/m
® 540MV/m
®  545MV/m

I - Detailed measurements have
o been done for the peak
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Emittance Measurements for 500pC Bunch Charge

Some Statistics over Emittance Measurement for 500pC Bunch Charge
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Comparison of the Simulations to Emittance Measurements in 2017
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Representative Measurement for GunV=53.0MV/m

Measurement Simulations WP

Date 01.06.2017  at14.45m FODO
§ Charge, [pC] 500 500
? GunV, [MV/m] 52.9 53.0
Isol, [A] 325.0A 334.2
Gun Phase, deg -44.0 0.0
3 BSA, [mm] 1.2 1.2
€, proj gauss 1.160£0.089 0.933 1.095
&, proj gauss 0.876+0.066 0.933 1.010
&, Proj rms 1.52+0.10 0.933 1.095
gy proj rms 1.1620.11 0.933 1.010
Bmag, gauss 1.088
! Bmag, gauss 1.01
Bmag, rms 1.19
Bmag, rms 1.24

@,
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Simulations on 500pC Bunch Charge for GunV=53.0MV/m
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Representative Slice Emittance Measurement

Bunch Analysis for 500pC at 14.48m
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Evaluation of the Statistics: Solenoid Current Scan

Emittance vs. Solenoid Current Emittance vs. Solenoid Current
11 16
\ 1.55
]
1.05
/\ 15 ?//.\
§> 1 \ b ~ £ 145 .\ /.\
[}
. / i
1S £
g s %
t - 1.35
’ \/ g . T
1.3
09 i
1.25 \/
0.85
3225 323 3235 324 3245 325 3255 326 3225 323 3235 324 324.5 325 325.5 326
Solenoid Current, [A] Solenoid Current, [A]
> 35 = -35
s, s
o 40 —— @ 40 -—— ‘»\’\ -
€N [TT—e— I3 TTT—e——
2 ’4\.—./ /\ " 2 —4\"\0//\ "
T 45 N o 45
c c \./
= >
O -50 O .50
3225 323 3235 324 3245 325 3255 326 3225 323 3235 324 324.5 325 325.5 326
Solenoid Current, [A] Solenoid Current, [A]
2 2
5 /\ :CQ 1.8 .\
g s P g 16 / /.\\.
L K]
= .« L e e =14 e
1 L \./
3225 323 3235 324 3245 325 3255 326 3225 323 323.5 324 324.5 325 325.5 326
GunPhase, [deg] GunPhase, [deg]

- Tried the solenoid current in Parameters:

the range of 3.5A

- Gun phase was not intendedly
adjusted

- Slope in the gun phase

- Best emittance achieved for
the solenoid current of 324.3A

- GunV=53.0 MV/m

- Laser: Gauss, 6ps rms
- BSA=1.2mm,

- Q=500pC
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1.06

sqrt(em, * emy)

Gun Phase, [deg]
A

Evaluation of the Statistics: Solenoid Current Scan

Emittance vs Solenoid Current for fixed Gun Gradient

Gaussian fit

Mismatch
P

¥
323.4 323.6 323.8 324 324.2 324.4 324.6 324.8 325 325.2
Solenoid Current, [A]
T 3284 3286 3238 324 3242 3244 3246  324.8 325 325.2
Solenoid Current, [A]
Pl e
323.4 323.6 323.8 324 324.2 324.4 324.6 324.8 325 325.2

Solenoid Current, [A]

- Tried the solenoid current in
the range of 2.0A
- Gun phase was fixed in the
range of 1 deg
- Best emittance achieved for
the solenoid current of 324.3A

rms fit

Emittance vs Solenoid Current for fixed Gun Gradient

1.55
| I\
15 /’/
E>.
o 145
x
x
§
= 1.4
= ¥
(2]
1.35 L
13
323.4 3236 323.8 324 324.2 324.4 324.6 324.8 325 325.2
= Solenoid Current, [A]
D 415
=
% . /\ A .
=
=
B 425
@ 42
323.4 323.6 323.8 324 324.2 324.4 324.6 324.8 325 325.2
Solenoid Current, [A]
1.8
e
2 16 S *
g \
8 14 T —
= —e T—e
323.4 3236 323.8 324 324.2 324.4 324.6 324.8 325 325.2

Parameters:

Solenoid Current, [A]

- GunV=53.0 MV/m
- Laser: Gauss, 6ps rms

- BSA=1.2mm,
- Q=500pC
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Simulations: Solenoid Current Scan

Emittance
=
* ert. at FODO
” / - Simulations performed in 2 ways:
: S 1. 2D-ASTRA till 14.48m
= 14 SN i 2. Xtrack from ASTRA file at 1.09m
5 AN < till 40m right after FODO section with
§ 12 \\ B ﬁ// taking into account wakes, coupler
1.1 \\' o S //'*//‘ kick and SCR
1 //
0'%31 332 333 334 335 336 337 Pa ramete rs:
Mismatch
: rﬁ - GunV=53.0MV/m
L - BmagX’y
5 2-5\\ - GunPhi=0.0, fixed
5 ° K ‘ - Laser: Gauss, 6ps rms
=15 e — - BSA=1.2mm,
?531 332 33"3\.»\3344;’/’/3‘35 336 337 = Q = 5 O 0 p C

Solenoid Current, [A]
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Evaluation of the Statistics: Gun Phase Scan

Gaussian fit rms fit
Emittance vs Gun Phase Emittance vs Gun Phase
1.1 1.55
\ /.\ \‘\ 15
1.05
> : B
€
o 1 = a4
€ \'\ / % 1.35
%’, 0.95 s \‘\ ,\
7 & 13 oo
09 /
1.25 \‘
%% 46 45 44 43 42 41 40 39 47 46 45 44 43 42 41 -40 -39
GunPhase, [deg] GunPhase, [deg]
3255 . 3255 .
£ 324.5 — £ 324.5 ~ =
(&) (&)
2 s . B om
c c
K] \ o
<} ]
&) 3235 V' . e\\ o 3235 e\\
323 323
47 46 45 44 43 42 41 40 -39 47 -46 45 44 43 42 41 40 -39
GunPhase, [deg] GunPhase, [deg]
Parameters:

—> Tried the gun phase 9.0 deg
- Solenoid current adjusted - GunV=53.0 MV/m
accordingly - Laser: Gauss, 6ps rms
- Best emittance achieved for - BSA=1.2mm,
the gun phase around -41 deg - Q=500pC

with respect to the zero
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Simulations: Gun Phase Scan

, Emittance
+ et
\ / - Simulations performed in 2 ways:
SRR /, 1. 2D-ASTRA ill 14.48m
§14 \ /// 2. Xtrack from ASTRAfile at 1.09m
5 \\\ o till 40m right after FODO section with
12 \*\ /7 . taking into account wakes, coupler
\\ T kick and SCR
1 T~
08, p ») ) 0 2 y 6 5 Parameters:
Mismatch
- - — - GuNV=53.0 MV/m
e - Is0l=334.2 A, fixed
£ ) - Laser: Gauss, 6ps rms
= ™ P - BSA=1.2mm,
? ° ! ? Gun Ph(;se, [A] ’ ) ° ’
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