Solenoid BBA and laser grid

experiments at the XFEL

M. Krasilnikov, PPS, 09.02.2017
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XFEL solenoid BBA: Final measurements on 23.12.2016
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New implementation: Static homogeneous magnetic field

BPM1vsSolenoid 1 Current Fit Parameters List
nocomment // 05.01.2017 (19:44) RF- 7 - eXSolMain = -0 00309 deg
< [ =] = .
Measured Simulated LasAtCath RF-GunPITZ : AngleYSolMam = 0.000477 deg
RF-GunPITZ : Ez Field At Cathode =304 MV/m
Sol1Center Sol2Center Center — —

RF-GunPITZ : HxEarth =0.000848 T
RF-GunPITZ : HyEarth=-0.0105T
0.0010 RF-GunPITZ : HzEarth=0T
RF-GunPITZ : Initial Phase =-108 degree

B RF-GunPITZ : Laser Beam CenterX =-6.07e-005 m

0.0005 RF-GunPITZ : Laser Beam CenterY =-1.57e-005m
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But: To be combined with BPM offsets

. ) BPM1vsSolenoidl Current Fit Parameters List
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Proposals to measure RF-gun coupler kick at EXFEL

M. Krasilnikov (12.12.2016)

Power in the gun: 1.5 MW (~like for the laser and solenoid BBA), FB=0n (if possible)
Solenoids and steerers are off, solenoid degaussed

Cathode laser: BSA=0.5mm (or smaller)

Laser BBA is (roughly) done - record the laser position (image) at the VC camera

Bunch charge ~ 50pC(?) — 18t BPM should deliver reliable measurements (position and
bunch charge)

Gun phase scan in the low energy dispersive arm - Pz vs. SP Phase > MMMG phase
Basic measurement: beam position and bunch charge (1t BPM) vs. gun SP Phase
8. Scan cathode with 0.5 mm step (XY-grid)

1. Record laser beam at the VC camera
2. Gun phase scan: beam position and bunch charge (15t BPM) vs. gun SP Phase
9. (If time) Repeat 1-8 with 5 MW in the gun (nominal).
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RF-gun coupler kick measurements at EXFEL
13-14.12.2016
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Positions 1-9 at VC

bunch charge (nC)
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Beam position at 1st BPM, SPPhase=40 Bunch charge (Schottky) scan
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Beam position at 1st BPM, SPPhase=20 Bunch charge (Schottky) scan
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Beam position at 1st BPM, SPPhase=0 Bunch charge (Schottky) scan
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Beam position at 1st BPM, SPPhase=-20
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Beam position at 1st BPM, SPPhase=-40 Bunch charge (Schottky) scan
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Beam position at 1st BPM, SPPhase=-50
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RF-gun coupler kick measurements at EXFEL

13-14.12.2016

Beam position at 1st BPM, SPPhase=-54 Bunch charge (Schottky) scan
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F-gun coupler kick measurements at EXFEL

13-14.12.2016
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ASTRA simulations

> Cathode laser 3.3 0.05
= Distribution = 'cathGL_200k.ini' > long Gaussian % 3 - 0.04 _
- Xoff=0, Yoff=0 255 2
= AUTO_PHASE=f g8 Py
- 5 5 | - 003 &
= XYrms= 0.2mm 2 =
= Trms=4.88ps ;1 5 S
= Qbunch=0.04nC Z —=-Ek - 0.02 5
g 14 ——Q 5
> ZSTOP=1.05 > 1stBPM Eos - 001~
> Gun: 0 | 0
0 10 20 30 40 50 60 70 80 90 100 110 120
= MaxE(1)=-29.9526 MV/m gun phase (deg)
. 8 0.01
> Solenoid = off
T 6
> &DIPOLE g, 0.005 §
= LDipole=.F, S £
= D_Type(1)="hor' - 2 g
= DI(1)=(1,-1) 2 o £
= D2(1)=(-1,-1) 2
= D3(1)=(1,2) -2 £
- D4(1)=(-1,2) 4 0.0058
= D_strength(1)=0.0001...0.001T A Xms - ——=Yms =
-6 ——<X>  -m-<Y>
gun phase (deg)

DESY
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ASTRA simulations

> Cathode laser 3 0.05
= Distribution = 'cathGL_200k.ini' > long Gaussian % 3 - 004 _
= Xoff=0.5mm, Yoff=1.0 mm 32_5 %
= AUTO_PHASE=f & 0.03 &
— 2 - I . =11}
= XYrms= 0.2mm 2 =
= Trms=4.88ps : 1.5 S
= Qbunch=0.04nC = -#-Ek - 002 =
5 14 —~Q 5
> ZSTOP=1.05 > 1stBPM E s - 0.01
> Gun: 0 0
0 10 20 30 40 50 60 70 80 90 100110 120
= MaxE(1)=-29.9526 MV/m gun phase (deg)
. 8 8
> Solenoid - off
g6 6
> &DIPOLE g, 4 E
= LDipol 3 )
= D_Typ 2 2 -2 g
u D1(1)= —4—-e-beam E 0 0 :E
= D2(1)3 ® laser 0 10 20 30 40 50 60 70 80 90 120 . &
= D3(1)= -2 ) -
| | = T T T T 1 S
. 84(8126 8 6 4 1 6 3 -4 == XTms ==Y 1ms -4 g
B < fmm -6 ——<X>  —m-<Y> -6
8 [ [ T T T 1 8
gun phase (deg)
/
g DESY
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vs. experiment for 0/0 position
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> XFEL gun solenoid was aligned with available precision ( Angles
~0.001 and smaller, offsets <100um)

> Systematic limitation for the solenoid BBA — stray magnetic fields in
the gun region and possible RF coupler/solenoid quad kicks

> One way to estimate these effects — RF coupler kick measurements
performed on 13-14.12.2016 for 1.5MW in the gun cavity measuring
beam position for all gun phases w/o solenoids. Similar
measurements for e.g. SMW would be of interest

> ASTRA simulations have been performed

= For 30MV/m, phase scan-> phase range is larger by ~10deg, the Schottky scan
curve shaper is rather different

= Next - try to fit “absolute” measurements (+orientation), but BPM offset has to be
put into consideration
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Backup slides

> Solenoid BBA at XFEL photo injector
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Measurements 21.12.2016N

roll yaw pitch X y file DXsol DYsol steps
-2 2.1 -2.95 -0.27 0.222016-12-22T042904 0 0 step0
-2 21 -2.95 -0.17 0.222016-12-22T051855 0.1 0 step1
-2 2.1 -2.95 -0.27 0.322016-12-22T054553 0 0.1 step2

XFEL Solenoid BBA on 20.12.2016

Y-BPMG.24.11 (mm)
=
o

—4—step0
0 —m-stepl
—A—step2
-0.5
2.5 -2 -1.5 -1 -0.5
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Simulations (Ez=30MV/m, Phi=-153deg > fixed)

0.00100

0.00075

0.00050

0.00025

0.00000

BPM /' m

|
> -0.00025
-0.00050
-0.00075

-0.00100

AngleXSolMain = 0.000312 deg

: AngleYSolMain = -0.00196 deg
:Laser Beam CenterX =-7.87¢-005 m

BPM1vsSolenoid]l Current Fit Parameters List
nocomment // 22.12.2016 (12:35) RE.-GULPITZ -
o1 <] o]
Measured Simulated LasAtCath RE-GunPITZ
[o] [o] [o] RE-GunPITZ
Sol1Center Sol2Center Center

RF-GunPITZ

-0.00100 -0.00075 -0.00050 -0.00025 O0.00000 0.00025 0.00050 000075 0.00100
X_BPM/m

RF-GuUnPITZ :
: XSolMainCenter = -9.29e-005 m
RF-GunPITZ :

Laser Beam CenterY =-2.64e-005 m

Y SolMainCenter = -5.92e-005 m

Offsets List / [m]

X BPM =0.000653181
Y BPM =0.000590166
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Simulations (Ez, Phi 2>tuned)

E
=
o
m
>

0.00100
0.00075
0.00050
0.00025
0.00000
'_0.00025
-0.00050
-0.00075

-0.00100

BPMI1vsSolenoid 1 Current Fit Parameters List

nocomment // 22.12.2016 (15:36)

o] RE-GuPlIz
X 0
Measured Simulated LasAtCath RF-GunPITZ
[O] [S] RE-GunPITZ -
Sol1Center Sol2Center Center

40.00100 -0.00075 -0.00050 -0.ODO25 0.00000 000025 000050 O0.00075 0.00100
X_BPM/m

RF-GunPITZ :
RF-GunPITZ :
RF-GunPITZ :
RF-GunPITZ :
RF-GunPITZ :

- AngleXSolMain = 0.00107 deg
- AngleYSolMain = -0.00176 deg

Ez Field At Cathode =30 MV/m
Tmtial Phase =-117 degree
Laser Beam CenterX =-6.772-005m
Laser Beam CenterY =-2.342-005m
XSolMamnCenter = -9 332-005 m
YSolMaimnCenter = -6.112-005m

Offsets List / [m]

X BPM = 0.000670787
Y_BPM = 0.000609132
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Simulations: step 0 only (“best”)

BPM1vsSolenoid]l Current Fit Parameters List
9 .
nocomment // 2212 2016 (15:39) RE-GunPITZ - leXSolMain = 0.000524 deg
--x -
Measured Simulated LasAtCath RE-GunPITZ : AngleYSolMain =-0.00112 deg
[O] [O] RF-GunPITZ : Laser Beam_CenterX = -7.36e-005 m
Soll1Center Sol2Center Center
RF-GunPITZ : Laser Beam CenterY =-2.12e-005 m
RF-GunPITZ : XSollMainCenter =-7.28e-005 m
0.00050 BF-GunPITZ : YSolMainCenter = -4.16e-005 m
Offsets List / [m]
0.00025
X BPM = 0.000609963
Y _BPM = 0000549828
E
= -0.00000
o
ml
>
-0.00025
-0.00050

-0.00050 -0.00025 -0.00000 0.00025 0.00050
X_BPM/m
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Simulations: step 0 only (“best”, Ez,Phi tuned)

BPM1vsSolenoidl Current Fit Parameters List
- .
noconunent /& 22.12 2016 (15:40) RF.-GunPITZ - leXSolMain = 0.000950 deg
--x -
Measured Simulated LasAtCath RF-GunPITZ : AngleYSolMain =-0.00141 deg
[ ] [S] RF-GunPITZ - Ez Field At Cathode =319 MV/m
Sol1Center Sol2Center Center -
RF-GunPITZ : Initial Phase =-106 degree
RF-GunPITZ - Laser Beam CenterX = -6 91e-005 m
REF-GunPITZ : Laser Beam CenterY = -2 36e-005m
0.00050 EF-GunPITZ : XSolMainCenter = -9 5e-005 m
EF-GunPITZ : YSolMainCenter = -5.23e-005 m
0.00025
Offsets List / [m]
E X_BPM = 0.000661434
0.00000
= Y _BPM = 0.00058932
ml
>
0.00025
-0.00050

-0.00050 -0.00025 0.00000 000025 0.00050
X BPM/m
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Next Steps (?)

> We are probably coming to systematic limit of the procedure
(measurements + solenoid positioning)

> Angles ~0.001 and smaller, offsets <100um

> Improve stability/reliability of BPM measurements (curves should be
smoother). ?Increase BSA to 1-1.2mm?

> ?try 2D (Xsol,Ysol), step 50 um scan w.r.t. the actual position?
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Simulations: step 0 only:

Xsol=>0

0.00100

0.00075

0.00050

0.00025

0.00000

BPM /m

|
5| -0.00025
-0.00050
-0.00075

-0.00100

BPM1vsSolenoid]l Current
nocomment // 22.12.2016 (15:40)
o] o]
Measured Simulated LasAtCath
[o]
Sol1Center Sol2Center Center

-0.00100 -D.00075 -0.00050 -0.00025 0.00000 000025 0.00050 0.00075 0.00100

X_BPM/m

Fit Parameters List

RF-GunPITZ
RF-GunPITZ
RF-GunPITZ
RF-GunPITZ
RF-GunPITZ
RF-GunPITZ
RF-GunPITZ
RF-GunPITZ

: AngleXSolMain = 0.000959 deg

: AngleYSolMain = -0.00141 deg

: Ez Field At Cathode =31.9 MV/m

: Initial Phase = -106 degree
:Laser Beam CenterX =-6.91e-005 m
:Laser Beam CenterY =-2.36e-005 m
: XSolMainCenter =0 m

: YSolMainCenter = -5.23e-005 m

Offsets List / [m]

X BPM = 0.000661434
Y BPM = 0.00058932




Simulations: step 0 only:

Xsol=20: Ysol=>0

0.0010

0.0005

m

< -0.0000

Y_BPM

-0.0005

-0.0010

BPM1vsSolenoidl Current
nocomument /2212 2016 (15:40)

[<] [o]
Measured Simulated LasAtCath
Sol1Center SolZ2Center Center

-0.0010 -0.0005 -0.0000 0.0005 0.0010
X_BPM / m

Fit Parameters List

RE-GunPITZ : AngleXSolMain = 0.000959 deg
REF-GunPITZ : AngleYSolMain =-0.00141 deg
RF-GunPITZ : Ez Field At Cathode =319 MV/m
RF-GunPITZ : Imitial Phase =-106 degree
RF-GunPITZ : Laser Beam CenterX =-6.91e-005m
RF-GunPITZ : Laser Beam CenterY = -2 36e-005m
RF-GunPITZ - XSolMainCenter =0 m

REF-GunPITZ : YSolMainCenter = 0 m

Offsets List / [m]

X _BPM = 0.000661434
Y _BPM = 0.00058932



Simulations: step 0 only:

Xsol=20: Ysol=0: Y-angle—->0

BPMI1vsSolenoid]l Current
noconument /2212 2016 (15:40)
[<] [o]
Measured Simulated LasAtCath

[O ] [O ]
Soll1Center Sol2Center Center

0.00100

0.00075

0.00050

0.00025

0.00000

BPM /m

5! -0.00025

-0.00050

-0.00075

-0.00100

-0.00100 -D.0OO7ES -0.00050 -0.00025 ©.00000 0.00025 0.00050 O0.00075 0.00100

X_BPM/m

Fit Parameters List

RF-GunPITZ : AngleXSolMain = 0.000959 deg
RE-GunPITZ : AngleYSolMain =0 deg
RF-GunPITZ - Ez_Field At Cathode =31 9 MV/m
RE-GunPITZ : Initial Phase =-106 degree
RF-GunPITZ : Laser Beam CenterX =-6.91e-005 m
RF-GunPITZ : Laser Beam CenterY =-2 36e-005m
RF-GunPITZ : XSolMainCenter=0m

RF-GuaPITZ : YSolMainCenter =0 m

Offsets List / [m]

X_BPM = 0.000661434
Y BPM=0.00058932



Simulations: step 0 only:

Ysol=20: Y-anqle=>0

BPM1vsSolenoid1 Current
nocomment /2212 2016 (15:40)

Xsol=>0

[o] [©]
Measured Simulated LasAtCath
[©]
Sol1Center Sol2Center Center
0.0010
0.0005
E
= -0.0000
o
lml
>
-0.0005
-0.0010

-0.0000 0.0005 0.0010
X_BPM/m

-0.0010 -0.0005

Fit Parameters List

REF-GunPITZ : AngleXSolMain =0 deg
REF-GunPITZ : AngleY SolMain =0 deg
RE-GunPITZ : Ez_Field At Cathode =319 MV/m
RF-GunPITZ : Initial Phase =-106 degree
REF-GunPITZ : Laser Beam CenterX =-6.91e-005 m
RE-GunPITZ : Laser Beam CenterY =-2.36e-005 m
RF-GunPITZ : XSolMainCenter =0 m

RF-GunPITZ : ¥YSolMainCenter =0 m

Offsets List / [m]

X_BPM = 0.000661434
Y _BPM = 0.00058932

N



Simulations: step 0 only:

Xsol=20; Ysol=>0; Y-angle—>0 ; X-angle—=>0 ; Y-angle>0; Xlas—>0

0.00050

0.00025

0.00000

Y BPM /m

-0.00025

-0.00050

BPM1vsSolenoid1 Current
noconunent /2212 2016 (15:40)

[© ] _ [o ]
Measured Simulated LasAtCath
[O ] [O ]

Sol1Center Sol2Center Center

0.00050 -0.00025 0.00000 0.00025 0.00050
X_BPM/m

Fit Parameters List

RF-GunPITZ : AngleXSolMain=10 deg
RF-GunPITZ : AngleYSolMain =0 deg
RF-GunPITZ : Ez_Field At Cathode =319 MV/m
RF-GunPITZ : Initial Phase = -106 degree
RF-GunPITZ : Laser Beam CenterX =0m
RF-GunPITZ : Laser_Beam_CenterY =-2.36e-005 m
RF-GunPITZ : XSolMaimnCenter = 0 m

RF-GunPITZ : YSolMainCenter = 0 m

Offsets List / [m]

X_BPM=0.000661434
Y_BPM=0.00058932
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Simulations: step 0 only:

Xsol=>0; Ysol=>0; Y-angle->0 ; X-angle->0 ; Y-angle—->0; Xlas->0; Ylas>0

BPMIl1vsSolenoid ]l Current Fit Parameters List
- .
noconunent /2212 2016 (15:40) RE-GunPITZ - eXSolMain = 0 deg
--x -
Measured Simulated LasAtCath RF-GunPITZ - AngleYSolMain =0 deg
[o] [O] RE-GunPITZ - Ez Field At Cathode =31.9 MV/m

SollCenter Sol2Center Center

RF-GunPITZ : Initial Phase = -106 degree
RF-GunPITZ : Laser Beam CenterX =0m
RF-GunPITZ : Laser Beam CenterY =0 m

0.00050 1 point as it RF-GunPITZ - XSolMainCenter =0 m
should be RF-GunPITZ : YSolMainCenter = 0 m
0.00025
Offsets List / [m]
E X_BPM = 0.000661434
0.00000
2 Y BPM = 0.00058932
o
>
-0.00025
-0.00050

0.00050 -0.00025 0.00000 0.00025 0.00050 )
X_BPM / m



