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European

XFEL | Content

Overview Gun system

Typical measurements

Critical parts

= RF-window

= Cathode holder

Diagnostics and interlock systems
RF-operation
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European ;
XFpEL Actual view to the XFEL gun

=

UV Laser
beamline

4 circulators to the
10MW Klystron

Water
distribution

7
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European : . "
XFEL Actual view to the XFEL gun diagnostics

RF-Vacuum
@ window (Thales)

Faraday cup

Darc current |k B e ¥ 7 A —
collimator i NES st AW v

Darc current

- \ :
g Toroid

Dark current
monitor
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European

XFEL

Cathode laser -

Output power diagnostics
Laser controls 32510.

Toroid 3GUN [mA] : Mean=3.250e+04, SD91.78§
32507. :

European .
32503.

XF E I 32501
) i 32499. T T T T T T T T T
5h 7h 9h 11h 15h 17h
2422015 2422015 2422015 2422015 - 2422015 24.2.2015
Burst diagnostics
Amplifier Status 32775.

32725.
Gun Laser e |
[ Nowaming |

IR IRIRY

32675.

Status/Control
‘ B )

Laser profile
before the
aperture it =

control

32575.

32525. M
Reset 32475. ‘ \ ; .

T {
808. 810.
[ws]

Oscillator
ate- Beam profile at aperture Beam profile at gun

Far field beam profile Near field beam profile Virtual cathode beam profile Near field beam profile

<)

Highest oscillator
state to reach:

©®

and on the

[0..20A]:

virtual i .
cathode ain

@®

Far field CCD control Near field CCD control Virtual cathode control Near field CCD gun

Q@

System Overview

Optional ‘ RPC Utility DOOCS Watchdog

stretcher

Attenuator ~ Aperture

PCF fiber Booster Booster
Oscilator PC1 amplifier Amplifier | PC2 Amplifier I
Pulse o )
Balanced Optical Heater Diagnostics' diagnostic
X-correlator fiber link
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First measurements with beam:

E . . .
)"(rEE'i_ Phase scan for different laser intensities
0.35
Charge [nC] x%
03 - %
Phase scans
at different
laser
intensities
,Han bump® - - Famous
\ - &% ,Zero
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European

XFEL | Measurement of dark current

Dark current vs. accelerating field, March 6th 2015
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Beam energy measurement with spectrometer

European

XFEL | magnet
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First measurements with beam:

European
XFEL Energy measurement
MeV/c §
3 | 16.2. :
. [ Measurement of
) P beam momentum
6 .
o F depending on RF-
i A power
45 ",.p'""v
4 ]
3.5

[MW]
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European
XFpEL critical parts

Cathode plug and RF-spring
RF-Window
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furopean | Short History of the XFEL Gun in HH

XFEL

1. RF operation Dezember 2013
Successful test of RF-system
5.5 MW, 650 us reached
Limit : light at the window

Massive damages on the cathode
RF spring

2. RF operation September 2014

Successful test of the improved
cathode spring system

4.8 MW, 400us reached

Limit : vacuum leak at the window
3. RF operation Dezember 2014

Short test of glued window

4.8 MW, 400us reached
Limit ;: vacuum leak at the window

( See last years talk )

1. Beam operation February 2015

2. Beam operation April/May 2015

XFEL operator training, January 2017
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european | VIEW from the backside into the cathode holder with

XFEL ] the spring ( still under vacuum )

Assumption: the trouble
came from a bad contact
between the holder,
spring and plug.

The cathode spring
system had been
replaced by a system
where all contact surfaces
had been polished and/or
gold plated. ( same
geometry )

No signs of
damage so far
after 88-days of
operation
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Cathode plug without any damages or
XFEL | marks after the December run

..‘

P £

¥
‘ t.l" ‘g
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copean | EX@Mination of the leakage after September run

XFEL] 2014 ( typ. 4.8MW, 400 us ):

-
14
» While the cathode spring test had been successful the RF-window
developed a leakage after some days

= Since a new Thales window was not available at that time it has
been tried to localize and fix the leakage

m Surprisingly it was not the brazing but the ceramics which got leaky

Ceramic disk from air
side

XFEL operator training, January 2017 (Di;%\ ﬁ HELMHOLTZ
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Test run on the window test stand with the

European

XFEL | Thales6 and one Gamp-window
Test with 6.5 MW, 900 us travelling wave

Test with full reflection: After about 1.5
o weeks the
= 20 ps pulse length ( + 35% ) conditioning was
= 10 Hz stopped — no
vacuum break outs,
" 2-6 MW RF-power no light from Thales,
= Distances to the reflector were varied still continuous light
from Gamp

Vacuum
Component: s
Criertation: Cutsid
Na : 42.
Fregaency. L.
(1]

Fhage:

Reflector

-1-lllhnn|§j:;,ﬂ-ll-l

Simulation for the test stand
configuration: M.Bousonville
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European | Dependance of field strength and vacuum activity on
XFEL | window Position [ D.Kostin, M.Bousonville ]

Actual position
field strength on the ceramics is nearly at maximum
medium vacuum activity

with 100mm shift;

field strength on the ceramics is minimal

. .. real
bit less vacuum activity ?0 go area
1.5 T T T | / 1.0E-07
Current position | Spacer = 100 mm >
=122.2 mm
E
>
£ 10 - 1.0E-08 =—
L s
E E
m
[ £
o 3
© 3
K 1%
s 05 10E-09 >
(-
x
(1]
£
w
0.0 1.0E-10
0 50 100 150 200 250 300 350 400
Reflection Distance [mm]
s Eull reflection == == Travelling Wave Vacuum
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—— Exchange of RF-window, March ’15 with 100mm
XFEL ] insertion

oo

100mm vacuum waveguide
between Thales RF-window and

coupler

Massive reduction of field strength
on the ceramic

Significant improved pumping
speed with additional IGP
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Gun Coupler

-0.09 e-1 WG

2.34E-3 e-1Win
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-0.07 Spark Win
Interlock
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Z-l| interlocks
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1
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0.0001
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.
GUN - Forw./Refl. Power Water Gun Coupler
fram curves P .
H _ZF Forwhrd Power; §ur=5 ] @ 0.09 e1WG 5.05E3 T
el un signals an
er [°00 Guntemp -2.59 Photodiode WG 1050 1o
. ~n ARn 062 Photodiode Win 221 ™| ]
300 SetP 54,82 0.07 Spark Win 045 ] I n e r ' s
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ws oo r{ mis3nr  s942°c | [] [ Bo.Gunn B1.GUN.I List all FADCs
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Hz [us] °C]  Gun Temperat ire
64.87
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.
GUN - Forw./Refl. Power Water Gun Coupler
| T curves P .
H _ZF Forwhrd Power; §ur=5 ] @ 0.09 e1WG 5.05E3 T
e un signals an
er [°00 Guntemp -2.59 Photodiode WG 1050 1o
, 400 AA AN 0.62 Photodiode Win 227 | L
s 6382 | aor  sparcm 2 |[NTerioCKsS
VV VV
200 Iris 64.84 °C Interlock
T | mis3nr  s942ec | [] [ BoGunn | [ B1.Gunn List all FADCs
Hz 0 A Cell1 59.12°C
600 800 1000 1200 1400 1600 Bl jiiemp/Vac
Hz [us] ° Gun Temperature
LUVA / e- 64.87
=l confiq__| JEll config
[Ix] Photo WG [ma] e- WG, Win
10. 0.02
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7
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5 7/ 1Y
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3 7
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_H] [ rEMEK]  Gun Coupler Temperat...
i 316.
[':% Photo Win = T0_flange_vac [K] §4
314. = T4_inner_coax (i) B
7 312.
5. 310.
a
" —] L NS
ik
400 600 800 1200 [GIIM  18:58.10  18:58.18
[CSIl 12.6.2016  12.6.2016
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cropean | LLRF fast protection —
XFEL | looking at the reflected power

== XFEL_GUN_lIrf_main.xml| XFEL.RF/LLRF.CONTROLLER/GUN.I1/SASE

XFEL
Main Control Performance
50.00
Voltage § .
g Y V¥V m
50.00 MV/m
AAA 6 A 6 m
Phase .
-\'f- VVYV V¥V
Pulse Width Modulation
0.02 deg
Overview Panel
@ Fsmon RFOn/Off _FSM
E] Pulse Width Feedback

N

Feed-Forward
Output vector corre
Feedback
Feed-Forward corre
Learning FF

Subsystems
RF Gate RF Gats

Activate when gun is stable!

Activate fast protection

Protection

== CTRL.GUN.IM/PROTECT.ACTIVE

Modulator

(o || @ | = |
Print

Klystron

Timing
MPS

[]

Cpl Interlock

[ ounn |

Expert views
REFER1

REFER2

i EE

WG Overview

LLRF Expert

LLRF Special
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European

XFEL | Limits of fast protection

29.44 MV 5.69 MV 30.30 MV 5.81
-147.60 ... -87.42d... -149.16 ... 413

4470 8.09
91.21 -31.23

28.60 MV 3.84
-149.78 ... -96.16
3.16
28.42

43.33
-87.75.

30.46 5.59
-151.86 -51.02

55.97 MV aqu
47122 . 53 22 deg
50.04 MV/m
0.04 deg _] wps 47.19
4_ Gate 129.78
I LLRF Power Meter —_—
slgna
— o el 3.134221 MW
rint FFO wFF O DAC offset o 3.28
1 l -148.65
Input Amplitude Limiter e WG1 WG2 N N N 47.87 au.
Forward Reflected Forward Reflected Forward Reflected BRSO
—p
o 94.90 dBy
X e
Limiter M M M ﬂ protodcprotoce 23720
Feedback 136.83 deg
Fast Protection Vs | mimo
L. — SILLE CTRL.GUN.IM/PROTECT.VREFL; Buf=6 Res=1/16 ~ ~
Limit Timing 35000 CTRL.GUN.1/PROTECT LEVEL; Buf=14 Res=1/16 Output limiter
AN AAAN AAAANANN == 00.00.0 0 protocol or address not supported!!!! in XFEL.RF/LLRF.CONTROLUER/BOARD_ADC3|CTF
i z 30000
High "1.0000  sae 277739 W enavle
25000 AN AN
AA AAAA AAAAAA & 0. 00
Low ,0.4000  swp 0 - 98
15000 Pulse ok? [ Detail | SP ‘ FB | LFF |
A AAAAA 10000 1 - A :
Slope 0.00130 so00] Rulsgsottings  LLRF RF Gate Timing (x2timer) | opc | Virtual Probe | out |
.71 Delay 740 us Start V. 5
ANBAAA v e P B W — 43710 = 286200 - =Emniter Info VM
Threshold »%3999 W Enable 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 » U ———
opy PG 30 30 rength. . 89490  80000us | Ren | Rer
RL.GUN.I o
CTRL.GUN.1M/PROTECT.ACTIVE B [ATATAl
Flattop 0 650.. 732.35 us
37.108 6390 ADCE | ADC4 (Kiystron) | ADCS (SINCAV) |
.15 18:58.23 18:58.27 18:58.33
12.6.2016 12.6.2016 12.6.2016 12.6.2016
Table limits AAAAAA . AAAAAA
Feed Forward ¢é%§gg Setpoint Jéé@gg
. AAAAAN AAAAAN AAAN AAANA E
FF Correction w§999 Controller m/%ggg Output ¢§9 ggg na
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Fast Gun Ramp Up — new FSM version

European

| £ XFEL_gun_conditioning.xml| XFEL.DIAG/TIMER.CENTRAL/MASTER/SASE

GUN Conditioning ~ MAIN.GUN.I1 1) FSM On

Main RF D . Timing LLRF LLRF MPS Vacuum Magnets
AAA AAA
Pfwd SP 0.929 m anpan Expert cate i—— & 1Q 20010 Main Sol | Bucking BK
VvV VvV 5 Delay +,749 us LLRF =
FSM OH § 2(Q) 73311 coupler
AAAA AA vector sum: 0.0 MV/m 0.0 deg P PP -
Phase SP :‘;ng 99 . A GFEniET AAA sampledat  799.92 us 30 B i
RF is switched off Filling v39 us Clear FF-table o -
AAAA [ ] Vect. corr. [ FF correc. 4 Ll
Pulse Length + 20 o AAA | I l p
Vv g v . Rise time /39 US ¥ ) Feedback [_] Learning FF 5 O s u n a
AA AA _ ana D pulse width 0U
Fall time o,
Water SP 59 . g% FSM | Ramp __—&h Feedback lv] fast protection E Esmon )/ ﬁcﬁ] e Temperature
Riystron W] _ GUN - Forw./Refl. Power Water = ' 65. LS
HY okv LD 220 dEn e = GUNF aard Power, Blt=g g V] .

i AL AA
Prwd OKW  OKW b -_eHﬁr_f_ugli_pH_e,,aw [ M _Tem 3 VS Setpoint !ég i §g
Prl Okw  OKW pjrectional Coupler I I Guntemp [(59:2 s E. AAN
[o-0001 o~ 4 » O Pulse width [us] 399
Interlock Pfor. 0.00 Mw SetP 59 ¢ TS >
Modulator Details. b pren. 000 KW Bes Iris V%92 ° o Ah AN
Interlock | | 1e5 i 2 emp-°C] @339
orioc Pulse Length HY 1000 us e Liosly k] =
RESET Ll 6 6
~————————! RepRate (Modulat.Set) 10.0 Hz 0 Cell1 57.3 16:37 16:42
Power Details Rep Rate (MainTna) @ 1 400 600 800 1000 1200 1400 1[32“ GunTer 26.1.2017 26.1.2017
RF LUVA/ e- i -
= A wo sowna_| | LOVA7 ¢ I A ot | now: 1242kW target: 1226 kw | LU0 ENUREICEGEINIEL TR RTEE
" VS Amplitude [Ix] Photo WG [ma] _ e- WG, Win 60.
2 T T 1 T %77 7
— 1T 1 i g = Start temperature 64.92 °C
. ] Y 770 @
0016 - p & NV, Set
0012 2) Choose targets: gradient A
0.008 i
; and pulse width -
0.004#@“1&# — b —— T
gl I |
a00 o0 eoo 1000 1400 1600 Estimation for the start o 1200 15
16:29 16:33 16:37 16:42
temperature 26.1.2017 26.1.2017 26.1.2017 26.1.2017

4) Start ramp by switching FSM RF On

FSM messages Print Help

XFEL operator training, January 2017 @ ﬁ HELMHOLTZ
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/ =
/ RF running us] Gun Pulse Length
3) Set start temperature and 325.
wait until it’s reached (~0.2 C) 275.
225.
175.
16: 16:33




su(rEErL Fast Gun Ramp Up — new FSM version

FSM : Gun Ramp Up

The FSM sets the Gun frequency on the actual
resonance frequency defined by the

°C] Gun Temperature

temperature wiFsmon @ 66.
65.
- AA AA
Gradient and pulse length are ramped up § S Satpout 45.00
= = AAA
= The temperature set point tracks the actual § S Pulse width [us] 400
temperature which rises with RF power % Iris Temperature [°C] § % j ﬁ
. . <
= The frequency is kept on resonance to avoid . 13:07 13:10 13:15
reflections 23.11.2016 23.11.2016 23.11.2016
Average power [KW] 14.30
After reaching the target values, the FSM is »  Starttemperature['C]  §9.18 O 50.
waiting for the temperature to stabilize before § \L 40.
setting the frequency to nominal. Water Setgioint §§ §§ 30.
When Set points for amplitude and phase are 20.
FSM RF On:
close to the measured values the feedback and StartRamp _FSMRF On|

Switch off RF _FSMRF Off: |

learning feed forward are started plus the pulse
width modulation large amplitude or phase error 23.11:3.2516 23.?1::.;?]16 23.1%.12316

From now on the gun parameters can be Gun Pulse Length
changed by hand as usual

FSM

Print 13:07 13:10 13:15
23.11.2016 23.11.2016 23.11.2016
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European

XFEL

Water temperature regulation

RESET I

Precise,fast
temperature
regulation by
adding cold
water

mp. A1.BT2

l — L GUN

Temp. E1.BT1

Temp. A1.BT1

Temp.

Press. G1.BP1

) \
Heating by
adding hot
water ( slow ) .

Temp. C1.BT2

C1.BT
[_61.05 ] [ - \ 1

< <
[70.02°C]|

Temp. C1.BT3 Temp. C1.BT4

Press. G1.BP2

Temp. G1.BT1

P Temp. E2.BT1
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B XFEL_gun_temperatures_curvesxml XFEL.UTIL/WATER/GUN/SASE o = ||
" Gun Temperatures
Europasn 66.
European XEEL _ — — -
e, o S _w;—'q
Gun 64, ! |

XFEL

= Gun Vorlauf I [
62.

Gun Ruecklauf

Heating up by _ |

nach Heizer

.
adding hot water e,

54,
from the tanks AT R AEh B A o i
Tout-Tin 120 Valves [%]
343 K -

80. 1l1|

{outiin + 0.33K]*5.72 KW/K 60.

—

1979 KW 40.

11:57 12:02 12:07 1212 12:47 12:22 27 12:32
EVGIRIS Powel 2612017 2612017 2642017 2642017 2642017 2642017 2642017  26.1.2017

T . E1.BT1
”ff’— 15.087 KW [bar] Pressure [bar]
O &1

49
Temp. A1.BT2 4.7

»> % GUN 43

_ = A q : : s s 12:32
Temp. A1.8T1 2612017 2642017 2612017 2642017 2642017 2612017 2612017  26.1.2017
Setpoint 64.98 °C v
Temp. C1.8T1 h i
- 5 [ 1 1.4
) . :
ve C1.1Q) 0.6
0.2
0.2
157 12:02 12:07 12:12 1217 12:22 1227 12:32
2612017 2642017 2642017 2612017 2642017 2642017 2642017  26.1.2017
[us] Pulse Flat Top [us]
400
Temp. C1.BT2 Temp. C1.BT3 Temp. C1.BT4
300
.G1.BP2 200
p bar_| - > 100
60.53 °C . E2. 0
ICEERAR 1157 12:02 12:07 12:12 1207 1222 1227 1232
2612017 2612017 2642017 2612017 2642017 2642017 2612017  26.1.2017
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WA

_- B XFEL_gun_temperatures_curves.xml XFEL.UTIL/WATER/GUN/SASE

Gun Temperatures

Europann

XFEL - A

European

XFEL
= Gun Vorlauf 63.

Gun Ruecklauf 62.
—  Gun Soll 61.

60.
—
59. At 'l_.,a'ém%‘lﬁ

65. At ol

|t t—"1
—

1

ke 1
nach Heizer 58, s /I AR
57. kg‘“ﬁ#h.h.jmw
. . 56.
Cooling down with

15:54 16:04 16:14 16:24 16:34 16:44 6:54
26.1.2017 26.1.2017 2612017 2612017 26.1.2017 26.1.2017 26.1.2017

cold water 1 YaIvEs P4

3.34 K

80.
{out-in + 0.33K)*5.72 kW/K 60.

20.99 kKW o
20. i =,

15:54 16:04 16:14 16:24 16:34 6:44 6:54

average power, 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017

[bar] Pressure [bar]
5.

4.8
4.6
4.4

4.2

15:54 16:04 16:14 16:24 16:34 16:44 16:54
26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017
[Mv]

70.

(&

GUN

Temp. A1 8T1

setpoit 50.

S \ 30.
10.

-10.
—E 15:54 16:04 16:14 16:24 16:34 16:44 16:54

26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017
[us] Pulse Flat Top [us]
325.

. —

Temp.C18T2 Temp.C18T3 Temp. 1874

Press. 61871 Prens. 61882 Valve C240]

275. f
225.
175.
125,
75. —
25. l
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PWM Status Print
[ Feedback | Overview | Expert | | Manval

European
XF E PWM Feedback D RF FB - GUN
AN AAN
L +0-060 SP Detuning Temp. [K] Freq. detuning: 1312 H | setPIRIS 64.83 °c
Proposed SP:  0.060 (must>0)
Temp IRIS 64.83 -E
Temp IN 52.46 =
INIT Flattop 650 [us] 650 Valve V1 79.67 %
Valve V2 8.608 %
INIT SetP IRIS ~ 64.82 [°C] 64.85

Pulse width
modulation

550161365016 1352016
Fast measurement of |
" 1 SP_INT 1 #GUN Ili# Sollwert Regler Ventil 1 [°c] K4
gun temperatu re 64.86-]™ TN.H1.1.E1.BT {; Temperatur a [°c] =

(0.1sec vs. 7 sec)

compensate
temperature
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curopean | OtroNg temperature ( detuning ) dependance of
XFEL | light emission
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XFEL

Practically no interlocks
since 2 years during the
runs

Light interlock at the
window vacuum side was
disabled — but the
vacuum threshold stood

L\27OO bunches, 0.5 nC
at 31019 mbar (July 2016)

1.1. 26.2. 1 1H 18.11. 13.1. 10.3.

1 N 1h 1h
2016 2016 6.5.2016 12.8.2016 2016 2017 2017 19.5.2017 1.9.2017
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XFEL | December 2017: Exchange of the gun
This December the gun will be exchanged with the Gun
4.6, which has been conditioned at PITZ

The two guns are identical beside a different cathode
spring design ( watchband reloaded at 4.6 )

The goal is to have two identical guns available which
proved to deliver beams for SASE

Before the installation the two
Gamp windows have been
exchanged by one Thales
window

Reconditioning will be necessary
at beginning of next year for one
week

XFEL operator training, January 2017
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XFEL | ( re- ) conditioning starting ~Jan 4t"

1. Startup without frequency detuning

2. Starting with short pulses, low rep rate and high power
3. Encreasing the rep rate and the pulse length while reducing the peak power
4. Restart with short pulses after interlocks
5. Exact parameters will be defined
¢+ Procedure after last window exchange Restart after vacuum >1E-7
with power
20 us ran?p al reflected power IL
8 pulse begin
743 / / / 50 ps Spark detected
100 ps
6.6
59 200 ps
= o] / / / 400 ps
S 45 ||| 5o
o
g
:
o NI N N NI/ N NI/ N|/ N N|/N|/N N|/N| [N N|/N| /N N
| s | s ol 1 s e | e o s o s o e e I s ) Y

XFEL operator training, January 2017 ';?SY- ‘ # weLmnoLrz
F.Brinker ‘o | ASSOCIATION



European

XFEL operator training, January 2017 ‘;E‘;Y‘ ﬁ HELMHOLTZ
F.Brinker O | ASSOCIATION




