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XFEL ] Content

Cathode

Interlock systems

Multi Pactoring

Temperature regulation

FSM and Ramp Up procedure
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XFEL ] Cathode exchange January 2020, Why?

Messung der Quanteneffizent = wieviele Electronen werden pro
Laser Photon freigesetzt
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GUN - Forw./Refl. Power

Water
Curves

Water Temp.

Guntemp | 64.84

AA AA
SetP 64.82

ver Ve
Iris 64.84

I
1400 00 GunTemp....

confiq | confi
[maA] e- WG, Win
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400 600 800 1200 1600
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316.
314,
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XFEL operator training, October 2018

Gun signals and
interlocks

Iris 3 hr 59.42°C
— Cell 1 59.12°C

Gun Temperature

RF measurement




- . . Water Gun Coupler
l;!(avat‘{] GUN - Forw./Refl. Power r— p .
SN[ Fonubrd Power; But=5 ] | (V] -0.09 e1WG 5.05E3 D |
WS i s weer | o || 2aaes  cawe oaes | un signais an
er [°° Guntemp -2.59 Photodiode WG 1050 1
N ~n A 0.62 Photodiode Win 227 | ]
300 SetP 64.82 0.07 Spark Win 045 10| I n e r ‘ : S
VvV VV
200 Iris 64.84 °C Interlock
T r{ . ms3nr  s942ec | [] [l Bo.Gunn B1.GUN.I1 List all FADCs
Hz 0 — Cell 1 59.12°C
600 800 1000 1200 1400 1600 EXgsml |/ TempfiVac
HZ Lus] °c]  Gun Temperat ire
LUVA/ e- 64.87 L- h |
P ight and elect
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.
- 2 . Water Gun Coupler
l;!(avat‘{] GUN - Forw./Refl. Power — p .
GIN Forubrd Pdwer; Jut= fen] | (V] -0.09 e-1 WG 5.05E-3 10|
600 —— = GUN[Refdsted Fower| Bur| i Water Temp. 2.34E-3 e-1 Win 50463 1o u n s I g n a S a n
er |500 Guntemp [ 64.84 -2.59 Photodiode WG 1050 |
: 400 AR 062 Photodiode Win 227 ™ [
s 64.82 | oo sporwm ZEl | INTeriOCKS
200 Iris 64.84 °C Interlock
= b | ms3hr  s942°c | [ [ Bosumn | [ Br.eunn List all FADCs
iz | o N mall Cell1 59.12°C. feommmmn
600 800 1000 1200 1400 1600 Guntemp. | | TEMP ! VaC
Hz [us]
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7 et
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XFEL | Limits of fast protection

=
XFEL

Input Amplitude Limiter
WG

Forward

Pre Limiter [a.u.] M
Limiter MC_

Fast Protection

Limit Timing
) AN AAAAN AAAAAAN
High %_gggg st - 27
AN AAAAN AAAAAN
0.4000  swr 0
AAAAA
Slope 0. 00%@9
AANAAAAN -
Threshold %3999 W Enable
Table limits AAAAA .
Feed Forward éé@gg Setpoint
_ AAAAAN
FF Correction §ggg Controller

>

> <>
<> <>
<O> <OV
<O> <KO>
<O> <KO>

Reflected

- e -
protocc

29.44 MV 569 MV 30.30 MV 5.81 28.60 MV 3.84 30.46 5 59
147.60 ... 87.42d.. -149.16. 413 -149.78 . -96.16 -151.86 51,02
44.70 a 09 4333 3.16
9121 31 23 87.75 28.42
55.97 M\I a 84 MV
A71.22. 53 22 deg
50.04 MV/m
0.04 deg J MPS 47.19
4—
Gate 129.78
LLRF Power Meter —_—
slgna
orine o =L 3134221 MW
FF DAC offset
Lr . Klystron 228
l l l -148.65
WG1 WG2 > > > 47.87 au.
Forward Reflected Forward Reflected -129.98 deg
protoccorotocc brotoceprotocc 5490 dBm =
» b 3123848 MW
A
Feedback 136.83 deg
Vs MIMO
40000 CTRL.GUN.M/PROTECT.VREFL; Buf=6 Res=1/16 _ _
35000 CTRL.GUN.1/PROTECT.LEVEL; Buf=14 Res=1/16 Output limiter
30000 00.00.00 protocol or address not supported!!!! in XFEL.RF/LLRF.CONTROLLER/BOARD_ADC3|CTF ’7 Enab|e
25000-] P
20000 80.00
15000 Pulse ok? [ Detail | sp ‘ ‘ ‘
10000 ] 7 7
so00.] —lssattings LLRF RF Gate Timing (x2timer) ORC | Virtual Probe ‘ ‘
0 | Delay 740 us Start 00 St i
600 700 800 900 1000 1100 1200 1300 1400 1500 1600 o N\?gg?xx “Eniter Info VM
.. Filing 30 30 yengtn...BE490 80000 us Ref1 Ref2
RL.GUN.I :
CTRL.GUN.I/PROTE! AAA
Flatto
P 650 650.. 73235 us

1 19 18:58.23 18:58.27
12.6.2016 12.6.2016 12.6.2016

.15
12.6.2016

ADCE | ADCA (Kiystron) | ADCS5 (SINCAV) |
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—— 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
AN AA
Voltage ég . gg H
50.00 MV/m

AAAAN AA

Phase tv 0 Oﬂm

vV vV
0.02 deg

Pulse Width Modulation

Owverview Panel

D Pulse Width Feedback

@ Fsmon

[v|RFOn/OfF  Fsm

N——__—

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

Subsystems
RF Gate RF Gats

Activate when gun is stable!

Activate fast protection

Protection |:| m

== CTRL.GUN.M/PROTECT.ACTIVE

Modulator

o || B R
Print
Klystron

Timing
MPS

[]

Cpl Interlock

Expert views

REFER1
REFER2

WG Overview

LLRF Expert

LLRF Special

XFEL operator training, October 2018
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[ ]
—— Strong temperature ( detuning ) dependance of
XFEL | light emission

| £ HistXFELRF/TILCPL/GUN.I1/PHOTO_WIN.CAL
[[x]  GUN.I/PHOTO_WIN.CALC
80.0

70.0—
60.0—
50.0—
40.0—
30.0
20.0

10.0—

0

-10.0 T T T T T T T T T T T T T T

6h 8h 10h 12h 14 h 16 h 18h 20 h 23h
| 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017
| istXFl F/LLE GUN VIP [1/DETU - - (=] XA
TR —— Below 2200 Hz
7000

| Much less activity.

5000

4000

- 200Hz = 0.01° C!

ZUUU_HWMW

1000

0 T T T T T \ T T w T T : : :
[i]]]
L 28.11.2017

8h 10h 12h 14 h 16 h 18 h 20h 23h
28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017 28.11.2017
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December 2017 the gun has been 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

It turned out that the Thales window
easily produced multi pactoring with
rapid raise of vacuum pressure

Could not get rid of this also after
longer conditioning

XFEL operator training, October 2018
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XFEL ] Run Simulation

t=0.05ns
n=1,000

The electrons are
distributed pseudo
randomly in space at
the beginning

» [
M L]
. .
L . oo 5000
L] L] L ]

LT 3951

3100 =
2409 —

1849
1395

\

1027
728

485 —

289
129
7.13e-05
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XFEL ] Run Simulation

t=2ns
n=1,008
Electric field

accelerate the
electrons

Power = 6.98 MW

7.13e-05

XFEL operator training, October 2018 °e # weLmnorz
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XFEL ] Run Simulation

t=10ns
n=1942
Number of electrons
doubles
728
485
289
129
7.13e-05
XFEL operator training, October 2018 e # weLmnorz
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XFEL

t=20ns
n = 3,983

Number of electrons
doubles again

b
L] -
"
"
-

289
7.13e-05
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XFEL ] Run Simulation

t=40ns
n=56,413

Number of electrons
increase faster

Electrons are

concentrate in some
parts

Important: were the

A A" "R 1
T .' ..l .
electrons are o 4 -E'“"l-"- AR
.,.u-‘"'h I ﬂ-
concentrate X -,-_--

depends on the
applied power

129
7.13e-05
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Preliminary installation of air coils at the gun

European

Magnets

MainSol | Bucking | BK |
wowo $.23.8 200

soencid 53406 3496 [

B 38.980 oo

Rewn +4.580 W3S 5A~1mT

GUN Conditioning  MAIN.GUN.I1

Wi RF PR i Y m— Vacuum Magnets
Apn ann gy A | T Gate &
rase 56-900 M ° ooy 987 | _owen | E 1Q sz Nt | S|
rsmon A58 uo | wetorsum:  sesmvm  <7adeg | 2Q 7t
ARAN AR Fing 35 us alen e 240
pmsese 503028 B ) wouor 2 [ || = ucking ]
e e — e 1@ rasent soonoa £349-6 2008
PuseLengtn  +335 H ana e . An AR
¥ ratime 35 us | rouc i | 5@ 7 o @480 oo M
An An 0 puse wicthmod. | [ _tastp.panet B | 0 @ 200610 rr-windon
water sp . 0 g o A
ater 64.91 | s | nom ) P resaback ) ot potction Vacuum ovrvew wwn  34.500 48
Toreron oGO Forw Rt Fower [ ——— L
< b s315.m
~ »fvm ]:::x o o romsfeem o ‘Water system || 003 e1WG 50563 10
o T snable hestng or Z0mins | 224 1w 5083 10
v 2 BN KW Coupler ol = Photodiode WG, 7 T
AT _ Hoating Timer_| 2 Phatodiode Win 1750 10
v . werock—_ Pfor. 520 MW o Sparkwin 045 )

Guniris temp

S Modulator Details Pren. 000 KW o Interlock
- e [0 g 100 s §3.53 W| B0 I
== 100 Hz Col 1 sessc Temp / Vac
s N I I I | [ g
§ 3 TOVA e
—corna__| N ot
VS Amplitude (7% Photo WG (ma) e WG, Win
7\ - ]
7
v
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XFEL | Water temperature regulation — gun operation

RF Gun Water Supply
XFEL

PLC commu: | mKk_cmd send: id=100, block_length=128,

.
>

Precise,fast
temperature
regulation by
adding cold

c=° p1=64.910004, p2=0.000000, p3=0.00

heating active internal setpoint
heating off

Heating Timer enable heating for 20 mins.
@ Temp. E1.BT1
.'

IHH ““ “

Temp G1.BT1

'“I’" LUHI»II

C1 process pa...

1.800

water Temp. A1.BT2
- P
Valve A1 1GN2 l'\/.=| ve A1 10QN1 | J “ Q GUN
Ll L’A'\-I
AV Temp. A1.BT1 §
Setpoint 64.88 °C
Temp. C1.BT1
56.72
W
<
Valve C1.1QN1
Flow. G1.BF1
1.55
Temp. C1.BT2 Temp. C1.BT3 Temp. C1.8T4
g
Press. G1.BP1 ~ T2 press G1.8P2

I

100.04

Valve C2.1GQN1

g
4

v

56.52 KMl Temp. E2.BT1

Histories
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Water temperature regulation — heating up

European

XFEL | for some time

RF Gun Water Supply
XFEL

PLC commu: | mkk_cmd send: id=100, block_length=128, c=°, p1=64.910004, p2=0.000000, p3=0.00 C1process pa...

|-
4”&2“'"9 active internal setnoint
RESET heating off 64 6 C
Heating Timer enable heating for 20 mins.
Temp. E1.BT1
' [ 5000 |
L0, I =1
ﬂ s A1 10N2 ﬂ e A1 10N1 i = GUN
-
r Temp. A1.BT1
1 setpoint | [RCRS
Temp. C1.BT1
26.72 JA l |
Valve :
Flow. G1.BF1
Temp. C1.BT2 Temp. C1.BT3 U_'| Temp. C1.BT4 RZ|
g 18455 hour £ AN AN Valve
Press. G1.BP1 P ol Press. G1.BP2 ‘
NS closed
LB .
Temp. G1.BT1 LR YWl Temp. E2.BT1
Histories
XFEL operator training, October 2018 20 ﬁ HELMHOLTZ
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XFEL

Heating

up by

adding hot water
from the tanks

Temp. E1.BT1

Temp. A1.BT2

XX

GUN

Temp. A1.BT1

Temp. C1.BT1

o

Temp. C1.BT2

Temp. C1.BT3

/\ Setpoint
—

Temp. C1.BT4

A 4

[ 60.53°C ]
LUK Temp. E2BT1
[ 60.53°C_ [

—
European
XFEL
— Gun
= Gun Vorlauf

Gun Ruecklauf

nach Heizer

Tout-Tin

313 K

{out-in + 0.33K)*5.72 kKW/K

19.79 kw

average power

15.087 kW

g XFEL_gun_temperatures_curves.xml XFEL.UTIL/WATER/GUN/SASE

Gun Temperatures
66.

=

- If

62.

60. { \/

58. ﬂ
6.

P,

54,
11:57 12:02
26.1.2017 26.1.2017
Valves [%]

12:07
26.1.2017

12:12
26.1.2017

1217
26.1.2017

12:22
26.1.2017

12:27
26.1.2017

12:32
26.1.2017

120

80. IL(‘

60.

40.

20. ¥

n

0

-20.

11:57 12:02
26.1.2017 26.1.2017
[bar] Pressure [bar]
5.1

12:07
26.1.2017

12:12
26.1.2017

1217
26.1.2017

12:22
26.1.2017

12:27
26.1.2017

12:32
26.1.2017

4.9

4.7

4.5

43

11:57 12:02
2612017 2612017
e,

12:07
26.1.2017

12:12
26.1.2017

12:17
26.1.2017

12:22
26.1.2017

12:27
26.1.2017

12:32
26.1.2017

14

1.

0.6

0.2

-0.2
11:57 12:02
26.1.2017  26.1.2017
[us] Pulse Flat Top [us]

12:.07
26.1.2017

12:12
26.1.2017

1217
26.1.2017

12:22
26.1.2017

227
26.1.2017

12:32
26.1.2017

A
400

200
300

200

100

11:57

12:02
26.1.2017 26.1.2017

12:.07
26.1.2017

12:12
26.1.2017

1217
26.1.2017

12:22
26.1.2017

12:27
26.1.2017

12:32
26.1.2017
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XFEL

Cooling down with
cold water

—
(& =

GUN

Temp. A1 B B —
REILIg 64.98°C

Temp.C1811

—_

Vave 1101
A

K

umpmmg Temp C151 ‘Xj‘ Temp 1514

Press. G1.8P1 Press. 61872

15~

Vaive C210]

| usic |
505 ¢ e

Temp. G1.8T1

XFEL operator training, October 2018
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XFEL

Gun
Gun Vorlauf

Gun Ruecklauf

nach Heizer

Tout-Tin

3.34 K

(out-in + 0.33K)*5.72 KWK

20.99 kW

average power

] XFEL_gun_temperatures_curvesxml| XFEL.UTIL/WATER/GUN/SASE

Gun Temperatures

66.

65.

64.

63.

62.

61.

60.

/"-

59,

58.

57.

|
LY.

56.

558
15:54
26.1.2017
Valves
120

16:04
26.1.2017
[%]

16:14
26.1.2017

16:24
26.1.2017

16:34
26.1.2017

16:44
26.1.2017

6:54
26.1.2017

20

80.
60.

40.

20. )

-20.

15:54
26.1.2017

16:04
26.1.2017

[bar] Pressure [bar]
5,

16:14
26.1.2017

16:24
26.1.2017

16:34
26.1.2017

6:44
26.1.2017

6:54
26.1.2017

4.8

4.6

4.4

4.2

15:54
26.1.2017
[Mv]
70.

16:04
26.1.2017

16:14
26.1.2017

16:24
26.1.2017

16:34
26.1.2017

16:44
26.1.2017

16:54
26.1.2017

50.

30.

10.

-10.

15:54
26.1.2017

26.1.2017
lat Top [us]

16:14
26.1.2017

16:24
26.1.2017

6:34
26.1.2017

6:44
26.1.2017

6:54
26.1.2017

[us] PulseF
325,

275.

225.

175.

125.

I

I
]
7
7

75.

25,

I
|

15:54
26.1.2017

16:04
26.1.2017

16:14
26.1.2017

16:24
26.1.2017

6:34
26.1.2017

16:44
26.1.2017

16:54
26.1.2017
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XFEL

Pulse width
modulation

Fast measurement of
gun
temperature/detuning
(0.1sec vs. 7 sec)

compensate
temperature
deviations with the
RF pulse width

Compensate for
cooling water drifts
after ramp

XFEL

[ Feedback | overview | Expert |

PWM Status Print
| Manual |

PWM Feedback
-Eﬁ ﬁﬁﬁ SP Detuning Temp. [K]
Proposed SP:  0.060

Freq. detuning: 1312 [Hz]

(must>0)

INIT Flattop 650 [us]

INIT SetPIRIS  64.82 [°C]

[] rRFFB-GUN

SetP IRIS 64.83 °C

Temp IRIS 64.83 *C
Temp IN 52.46 *C
Valve V1 79.67 %
Valve V2 8.608 %

K] Relative temperature change based on LLRF signals in K

== GUN.I/DELTA_TEMFPERATURE [K] : Mean=0.06021, SD=0.01219

13:.07 i 13:11
13.6.2016 6. 13.6.2016

13:05
13.6.2016

SP_INT 1 #GUN llI# Sollwert Reg
== TN.H1.1.E1.BT { Temperaturm

13:03 13:05 13:.07 13:11
13.6.2016 13.6.2016 13.6.2016 13.6.2016

RF GUN Phase at sample position
CTRL.GUN.[1/SP PHASE [deq]
-l Gup 'V'ipuall?vobe F‘]ﬁaie [dqg): Mean=-0,45769, SD=0.2236

5h 13:05
13.6.2016 13.6.2016

RF GUN Flattop Length

13:09 311

13:07 13:
13.6.2016 13.6.2016 13.6.2016

640.
1

13:05
13.6.2016

303 13:.07 13:09 13:11
13.6.2016 13.6.2016 13.6.2016 13.6.2016

13:13 13:16
13.6.2016 13.6.2016

13:13 13:16
13.6.2016 13.6.2016

13:13 ‘R
13.6.2016 13.6.2016

13:13 13:16
13.6.2016 13.6.2016
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Fast Gun Ramp Up — by FSM

European

Typically the parameters are taken from the last run!

| £| XFEL_gun_conditioningxml XFEL.DIAG/TIMER.CENTRAL/MASTER/SASE

MAIN.GUN.I1

AAA AAA D - Timing LLRF
pwase  vu0-000 snann |
© rsmon velay 3,740 us ] —
1755 00 mul O reonson -
Phase SP vvgv vV . oo T :36 e sam S
AAAA Rt o .
Pulse Length tvgg . Risetime 30 us| @FSM . Gun Ramp Up
AA AA . AnA D ]
Water SP @93; Fom | rame ) FAItIME__ TS g _ﬂi
wrsmon @
Klystron kW] GUN - Forw./Ref|
HY 0KV P_n:  2.20 dBm dBm 2 e AM
Pfwd 0 kw 0 kW 0.00016J—-CHNE fdcted Pddy 3 .
B oKW OWWpirectional Coupler | Ay -!__ﬁ- 3 58,‘ ?g
Interlock Pfor. 0.00 MW gos : 399
Modulator Delails.F Prefl. 000 KW £ / @ AA AA
o emp. [°C]
_wteriock [T7] Pulse Length HY 1000 us | *°° / = ég ) %g
RESET | o ~,
—————— | RepRate (Modulat.Set) 10.0 Hz 0 16:33 16:37
Power Details Rep Rato (MainTima) 0 i 400 600 800 1) FSM On 26.1.2017 26.1.2017
RF LUVA / e- - -
- A el | A now: 12.42kw target: 1226 kw | LR U R S
VS Amplitude [Ix] Photo WG 60.
0.022 10. T T T T T
I } I I I ; Start temperature 64.92 °C
0.016 -
. Set
2) Choose targets: gradient s M\l/ |
. » Water Setpoint 07 °C
L and pulse width / ¢
- - Start Ramp FSM RF On:
Estimation for the start ) ®
temperature fTRF/" _Fsmreom: 16:29 16:33 16:3
7/ 26.1.2017 26.1.2017 26.1.2017 26.1.2017
/ RF running
us] Gun Pulse Length
Only for new \ 3) Set start temperature and 325.
parameters! wait until it’s reached (~0.2 C ) 275.
225,
. . 175.
4) Start ramp by switching FSM RF On
/ FSM
16:33 16:37
FSM messages Print Help 26.1.2017 26.1.2017
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ewopean | Fast Gun Ramp Up — by FSM
XFEL PEP=BY

FSM : Gun Ramp Up

°C] Gunh Temperature

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

temperature rsmon @ co.
) AA AA .
Gradient and pulse length are ramped up § VS Setpoint 45.00 6
. == . AAA .
* The temperature set point tracks the actual m 5 Pulsewidth [us] 400 o1
temperature which rises with RF power ®, Iris Temperature [°C] é % ﬁ §
: : s ) 59,
= 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 Mvim] Gun VS Setpoint and Amplitude
After reaching the target values, the FSM is »  Starttemperature['C] ~ 50.18 50.
waiting for the temperature to stabilize before g \L 40.
setting the frequency to nominal. Water Satpoint 6% §é 30.
The pulse width modulation is started to 20.
. FSM RF On:
compensate for temperature drifts StartRamp  _FSMRFOm: | O
Switch off RF  FSM RF Off:

When Set points for amplitude and phase are
close to the measured values the feedback and large amplitude or phase error 23112016 23112015 23112016
learning feed forward are started. From now on Gun Pulse Length

the gun parameters can be changed by hand as '
usual

“‘RF off “ switches the gun off — the temperature
setpoint follows the actual temperature, Fam
therefore we end up already with the correct

starting point to come back with the same — 13:07 1310 13:15

parameters 23.11.2016 23.11.2016 23.11.2016
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