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New Gun 5

Interlock systems

Temperature regulation

FSM and fast Ramp Up procedure
PWM and slow ramp

Fast protection

XFEL
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XFEL] Cathode with new RF-spring
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European

XFEL] Cathode exchange : When?

Quantum efficiency: simply the relation of electrons and photons

QE = 10% means 10 photons are needed to get 1 electron
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Fresh cathode Cathode after years of operation

With the new cathode springs we will probably do this more often

XFEL operator training, August 2023 :"Bg’&\\
F.Brinker o




European " I I i
XFpEL Gun 5 : symmetric coupler with 2 vacuum windows
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/svn/XFEL/GuUn/XFEL_gun_conditioning2Win.xml XFEL.DIAG/TIMER.CENTRAL/MASTER/SASE

— Help
European onditio (0 ~
European XFEL
XF E N W n I - Main RF ,7 Fwd Timing LLRF LLRF MPS F— Vacuum Magnets
I e a e AN Expert Gate Il & .09E- i i
p U Pfwd SP ss . 666 . O FSM ON Delay i’ivese us P LLRE 1 8 2.09E-10 Coupl Main Sol | Bucking | BK |
RF On / Off —- A vector sum: 60.0 MV/m 4.0 deg 2 2.09E-10 i
Fill AN
N 4\_;\/\0 oo il | Fsm HEGH illing 80 us sample position: 807.18 3Q 7 Bucking  Guul-0 0.0 .
ase vvv targelpuise [us] soo Rise time Aso us | manual vect. corr. [ | Feedback A S - . 250 0 .
V . = 1a o . £
. Pulse Length %693 . target SP sg X so Fall time ’\26 us | [ puise width mod tast p. panel O 9 Solen... v 250.0
ea I ngS rO| I I = RS [ | fast protection 1 5 O 7.33E-11 BK I_\O 023 N 0.
RF running [v] PWM Feedb. [ ] fast protection 2 0 O 2.45E10 p—— vy - -
[} [ « - athode
directional couplers ramping actve o: 590 @ | acuum overview
y 109 KV P_In:  55.26 dBm lkvv] GUN - Forw./Refl. Power Water . Gun Coupler
= 200 Temp. Histo
Power Meter (HPRF) Kiyl Ky Gun2 2 | — :-1“27 °'; xG ” :2; “ﬁ Jmo|
Pfwd 3622 4321 3297  320TKW Water system (heating) | o7 23 W'l"“ :ght e :A %
150 b :
P Interlock — :um Dir. :::oupler/::’zlohe (LLZ:‘)WY Water heatingjis off. 0.73 Photo Coupler left 26.03 Ix o |
. o ’? 2 100 (15 FORW.W&12.GUN.I{/POWER; 2405427 [ RF operation allowed 022 Photo Coupler right 29.06 Ix 1o
: : Pfog, 6573 kW 35° ; B 0.07 Photo Win left 0.631
Mod. Details M‘I REFLW412.GUN.I1 - : oto Win le £31x m|
Prefl.  108.3 kw 350 e ) Jy v Guniris temp 0.04 Photo Win right 0.26 Ix
Interlock 7]
REJM BO.GUN.I1 B1.GUN.I List all FADCs
RESET :ulse Length HV: 1015:Hs — SetP 63 . ss Hl - [ \E| I
e ; z 0 emp / Vac
Tra CeS frOI I l el Rep Rate (MainTime) 10 Hz Al 660 860 ria R 1[32? Temp. | TempHelp °c] Gun Temperature
RF LUVA / e- 70
. . . - config - config
d I re Ctl O n a I CO u p I e rS = VS Amplitude [x] Photo Win - Vac:blue, Air:orange [uA] e- Coupler(green), Win
& 4 250
50 .
o 3 200
Traces from gun probe - ' ; — -
10 0 i~ 50
0 1 0 6123025 6192025
500 1000 1500 2[32? 500 1000 1500 zmﬁa [ 500 1000 1500 zmﬁn e -
Rampwgt starting? > _Gun Forw/Refl Phase | corfig | Gun Coupler Temperature 112.01CAT.01/P [mbai]
[deg] VS Phase [ix] Photo Coupler K= GUn.11: To_C1_wint 1 g 11£.01GUN.01/P [mbar]
i ‘ e F¥ » S == |1#.02GUN.01/P [mbar]
80 4= 112.03GUN.01/P [mbai]
e 0 GUNIT: T3_C1_pt2 [K] 11#.04GUN.01/P [mbar]
(~ 112.01IDM.01/P [mbar]
40 60 n T T3_CZ_win n
%= GuN.I1: T5_C2_pt1 [K]
20 50 GUN.I1: T8_doorknob [K]
o~ 40 & eomrTmeocTwme R
9 ] 30
20 ——
20
500 1000 1500 2000 500 1000 1500 2000 22h 4h 11h
22 h 2h 6h 11h
i L 5.12.2025 22025 S22 5122025  6.12.2025  6.12.2025 6.12.2025
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European H H
XFpEL Gun signals and interlocks

LUVA/ e- .
| cortia | I — Light and electron
[I);] Photo Win - Vac:blue, Air:orange [:;,&] e- Coupler(green), Win detection

4 250

3 200-

2 150

1 . ] 100

0 — —t:&ﬁ

1 - . v

600 800 1000 1200

Hl
[Ix] Photo Coupler
40
30
7l \
20 T T T2
/ | [
10 £4 — GUN.I1: T8_dooknob [K]
7 :
£ -sunrrTmeocTwmz e
0
10 . . v . .
600 800 1000 1200 1400 4h 10 h 17 h
[1 EArFIrs 8.12.2025 8.12.2025
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Gun signals and

European 1
XFpEL interlocks

LUVA/ e-
- corti | I — Temperatures
[I);] Photo Win - Vac:blue, Air:orange [uA] e- Coupler(green), Win
300~
4 250-
3 200-
2 150
1 . sy 100
0 —— 50—
-1 v v v . 0 : v - - .
600 800 1000 1200 14(;? 600 800 1000 1200 14(}?
H config | 3]
lbﬂ) Photo Coupler %= GUN.I1: TO_C1_win1 [K]
| /11 8 o A L
30 K4=—ocun.11: Tie c1 win2 (K]
|~ £ ocunit:T3 c1 p2 (K
20 / | V1YL R C R Y
/ == GUN.I1: T5_C2_pt1 [K
10 7 £4 — GUN.I1: T8_dooknob [K]
£ -sunrrTmeocTwmz e
0
-10 v . - r i
600 800 1000 1200 1400 4 h 10h LA
[1 EArFIrs 8.12.2025 8.12.2025
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GUN.I1 \

Server Log...
1RF On / Off
VIFSM  (switch off FSM only in case of problems) FSMstatus History
State Name SHUTDOWN_STATE
State Error Message RF is switched off
RF is switched off
RF Startup GUN.I1 RF Shutdown GUN.I1

| |GUNTEMP_OFFSTATE
LFF_OFFSTATE
FFCORR_OFFSTATE
FFCORRRST_OFFSTATE
FEEDFORWARD_OFFSTATE
FEEDBACK_OFFSTATE
OUTPUTMATRIX_OFFSTATE
LLRFAMPL_OFFSTATE
PULSELENRESET_OFFSTATE
WATER_OFFSTATE
WATERTIMER_OFFSTATE
MODAUX_OFFSTATE
MODTIMER_OFFSTATE
KLY_OFFSTATE

Il

[

Two modes of operation: RF On or Off

Checks a number of states before proceeding to
the next

Loops through to verify that all is still ok.

In case of trips it resets interlocks and ramps up
again
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European

XFEL

RF gets off — the temperature goes down
FSM follows with the temperature
RF restart
FSM
activates the frequency detuning
ramps up the amplitude
ramps up the pulse length
With increasing power the temperature rises
At the end the parameters have been restored
FSM
Waits for stabilization
Switches of the frequency detuning
Switches on the PWM and feedback
Declares RF-running

[kW] RF power
Forw 1
Forw 2

Refl 1

Refl 2

23:27 233 23:35 225y 2343 23:47
8.12.2025 8.12.2025 8.12.2025 8.12.2025 8.12.2025 8.12.2025
pulse width [us]
600

400
flat top
200

0

23:27 23:31 23:35 23:39 23:43 23:47 23:53
8.12.2025 8.12.2025 8.12.2025 8.12.2025 8.12.2025 8.12.2025 8.12.2025
[*C] Gun Temperatures
70

—
Gun A
6

Gun Soll

3:4 3:53
8. 12 2025 8. 12 2025 8. 12 2025 8. 12 2[]25 8. 12 2[]25 8. 12 2025 8. 12 2025

Detuning 1
Detuning 2

Freq Offset

23:2 3:47 3:53
8.12. 2025 8. 12 2[]25 8. 12 2025 8. 12 2[]25 8. 12 2025 8. 12 2025 8. 12 2025
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European

XFEL

Frequency modulation

Isvn/XFEL/GUN/XFEL_gun_conditioning2Win.xml XFEL.DIAG/TIMER, CENTRAL/MASTER/SASE

GUN Conditioning CTRL.GUN.I1

Main RF ’7 Fwd Timing LLRF LLRF MPS - - p— acuum Magnets
Pfwd SP sg . soo H @ rsmon Delay 7068 us Expert | Gate B —x 1Q 20010 Coupter | Main Sol | Bucking | BK |
[v] RF On/ Off — A vector sum: 59.8 MV/m .7 deg 2 2.09E-10
The resonance frequency of the ORISR I T e 2Qzoen T s #0000l
Phase SP VvvV* —AAA M pica fima A 3 O 7.33E-11
target pulse [us] 602 Rise time |, 30 us | manual vect. corr, [ ] Feedback )
. . A 4(Q) 733811 Diag Solen.. #2500 2500 HI
Pulse Length +392 /| —— 5880 || Fantime 152 - fast p. panel |fT}f
v g . v usf{ [ pul idth mod. [] fast protection 1 5 O 7.33E-11 B /_\6 623 .
RF running WM Feedb. []fastprotection2 | —(~ ———————— K AN 0.0
0Q 241610  Cathode
? 1 Gl EE 30 28 (210 O Vacuum Overview l
I n Stead Of adJ u Stl n g th e Klystron HV 108 KV P_In: 55.16 dBm MN - Forw./Refl. Power Water ErRE] Gun Coupler
Power Meter (HPRF) Klyl Kly2 Gun1 Gun2 e e o el 2.02uA o |
. Pfwd 3587 4327 3275 3% 3000 V—frormt curFowR B zbraroa | Water system (heating)| | 0-37 22 U [ 2.02uA N il
temperature one can also just oo p cn il O 0 B B W sl - 052 e3WNrigh 25208 o
—Interlock — Sum Dir. Col ] P -rerLwidsa.cun}ipoweh: Bir2shatsros Water hea.lmg 1S °ﬁ-J 0.88 Photo Coupler left 2538 1x o |
Modulat. state:| 5 > 6o 2000 i BEIoR 137 Photo Coupler right 26.66 Ix ﬁl
= 1500 -1.76E4 Photo Win left 0.67 Ix T
set the frequency to resonance ey s T Jommcone B | 07" Foeowrn o
| e 1050 s | 590 : - 66 ) 9@ H [ [l BoGunat | [| B1.GUNM List all FADCs
Rep Rate (Modulat.SP) 10 Hz 0 — Temp / Vac
Rep Rate (MainTime) 10 Hz A G B LD el D R ey, | L B°c1 Gun Temperature
LUVA/e- U 4= GUN: TN.H1.1.E1.BT1 Temperaturmessung [*C] l
config | JEll config £/ GuN; SBINT J #GUN 1% Sollwert Regler Ventil 1 [°C]
VS Amplitude [Ix] Photo Win - Vac:blue, Air:orange [uA] e- Coupler(green), Win
Frequency offset g
o ol L Sl
10 [ — - 50
0 -1 0 7 12222'11125 8 122 2"025 8 126 2':125 8. 11202'525
600 8o 1000 1200 1400 1600 600 800 1000 1200 1400 1600 600 800 1000 1200 1400 1600  cat H T =
1 g Ramp not starting? -> [Gir SRl e corfig £ 11201CAT 01/P (mbar]
deg] VS Phase [ix] Photo Coupler £ 112.016UN.O1/P [mban
Phase drift iy
200 /.J 40 g—n;.nzeuN.uuP [mbar]
== 11#.03GUN.01/P [mb
WO r kS O , ~h e & WMIP:::;
n y Or th e g u n a ,On = // 20 _J'__-_‘\ 112.011IDM.01/P [mbar]
The laser and other RF = s
runs 0 800 1000 1200 1400 1600 436 0 800 1000 1200 1400 1600 ERN 31 10 1
a Syn Ch r On O US d U r ,. n g th . t. u il 7.12:2025 8132025 8.12.2025 L2 a2 aion
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European

XFEL

Pulse width modulation

Fast measurement of gun

temperature/detuning (0.1sec vs.

7 sec)

Compensate temperature
deviations with the RF pulse
width

Compensate also for cooling
water drifts after the ramp up

Timing LLRF LLRF
Delay 0399 us
Filling
Rise time Aeo us
Falltime "98 |

MPS | Vacu

REgit

Expert ‘ Gate M &
A vector sum: 59.8 MV/m 16.7d
V40

sample position: 807.18
ack
' 4
tast p. panel m @

Bl puise width mod.| | fast protection 1 5

v

kW]

v PWM Feedb. | fast protection 2
amping active to: 500 O Vi

GUN - Forw./Refl. Power

3500
i

I Water
Temp. History
V] ={ForRw.wior2-oummmongR-Bun2F04197040 M, .. o a__u il

—
XFEL

[ Feedback | Overview | Expert |

PWM Status Print

| Wanal_|

PWM Feedback
§§ ﬁﬁﬁ SP Detuning Temp. [K]

Proposed SP:  0.060 (must>0)

INIT Flattop 650 [us] 650

INIT SetPIRIS ~ 64.82 [°C]

Freq. detuning:

1312 [Hz]

SetP IRIS

Temp IRIS
Temp IN
Valve V1
Valve V2

[] rRFFB-GUN

64.83 °C

64.83 °C
52.46 °C
79.67 %
8.608 %

K]

== GUN.I1/DELTA_TEMPERATURE [K] : Mean=0.06021, SD=0.01219

13:03 13:05 13:07 13:09
13.6.2016 13.6.2016 13.6.2016 13.6.2016
IRIS Temperature sensor measurement

SP_INT 1 #GUN III# Sollwert Regler Ventil 1 (°C] B4
6-]™ TN.H1.1.E1.BT{yTemperaturmessung [°C]

13:05 13:07 13:09
13.6.2016 13.6.2016 13.6.2016

CTRL.GUr-I.E/SF’.PHATE [deg]

-] Gup Viftual Probe Phage [dqg): Mean=-0 5769, SD=0.2236

3 13:05 13:07 13:09
13.6.2016 13.6.2016 13.6.2016 13.6.2016
RF GUN Flattop Length

640.
13:03 13:05 13:07 13:09
13.6.2016 13.6.2016 13.6.2016 13.6.2016

Relative temperature change based on LLRF signals in K

13:11
13.6.2016

13:11
13.6.2016

13:11

13.6.2016

13:11
13.6.2016

13:13
13.6.2016

13:13
13.6.2016

13:13

13.6.2016

13:13
13.6.2016

13:16
13.6.2016

13:16
13.6.2016

13:16

13.6.2016

13:16
13.6.2016

XFEL operator training, August 2023
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m Advantage: no influence on

European

XFEL

Slow ramp up with PWM stability ( SASE etc. )

L [ L [N . MPs .' —_— e |V Change Gun flat top length ( using the PWM )
Delay @.cese - Expert 1 Ef;:’: 1
w080 ] emERE SEEMVRL 1STiden ; ot
Rise time Aeo us | manual vect. con.} Feedback ‘ PWM s On
Fall time "26 -~ e 'GT“;LI%"H1 5. Detuningisok Q)
(v] P = :d:g::z VS near SP O
: 0 s
IEEEETN ramping active to: 500 . ramp parameter 285053 283093 289093 2.8.5023
kw] GUN - Forw./RefT. | i = \ Mvim] Gun VS Setpoint and Amplitude
3???1 IJ_irORW"*MW "2{50'“970#9 l“' T Pt ﬁ% actual PWM flat top [us]: 5695 60
target flat top [us]: 530 o
Increases slowly the target length for the PWM soconispor s sty AN
— not the pulse length directly i o
Start Ramp art
Increases also the temperature SP Stop Ramp Stop L8223 162025 252023
Pauses when one of the conditions is bad remeing ¢ - _
570
TIITM A TTTTIT TP TTIT™ M
Changes only by 1 us for each step | ~ Shelitidh ity |
Temp. History
Vi
ery SmOOth Chan Print Help 28503 285023 289093 285093
even durin JS - can be done
g user operation
XFEL operator training, August 2023 /e ®>
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LLRF fast protection —
XFEL|] looking at the reflected power

European

LLRF MPS
RFgats
Expert Gate . &
- LLRF
vector sum: 0.0 MV/m 0.0 deg

i sample position: 807.18

5 manual vect. corr. ’

Print

Eavaeay

tast p. panel ¥
] pulse width mod{ | [ fast protection 1
[ ] PWM Feedb. L_| [ ] fast protection

ramping active to: O

m— CTRL.GUN.IM/PROTECT.0.ENA
n CTRL.GUN.IM/PROTECT.0.ACTIVE
n— CTRL.GUN.IM/PROTECT.1.ENA
n CTRL.GUN.IM/PROTECT.1.ACTIVE

If the reflected amplitude
exceeds the limit, the pulse

1. Y40y d [ i ¥
lJl Sﬁl] 1Dhll 15hl] 2000 4.12. 6.12. 8.12.
[us] 2025 2025 2025

Timing Details

WIII be. Cut - but the r.]ext High Ae@ooo Slope 065@8 F:;c:;;a\:::e: Start ¢C@00 jEnable O
pulse is allowed again ow 10.3800 mwesnow 090000 son 0000

won 004300 sow  0.0088 womewor st 3.0 [ e @)
ow 10.8000 mwesnon 023009 s 40060

XFEL operator training, August 2023 .9
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European
—— Print
ewopen | RE 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...
[ 1.800 |
- MJ internal setpoint m
= Precise,fast __ heating off_ | [ 34.617 | 156,718 |
[ 1.000 |
tem peratu re Heating Timer | enable heating for 20 mins.
regulation b Temp. E1.BT
o y o
adding cold _/ 0.000 |
water Temp. A1.BT2 = [ 0 |
= [ ~1~J
Valve A1 1O'J?IV | A1 1QN1 : m] 7 T GUN
S
AV Temp. A1.BT1 Setpoint
Tem. C1.BT1
EE
Valve C1.1GN1
Flow. G1.BF1
[
Temp. C1.BT2 Temp. C1.BT3 Temp. C1.BT4 5
g 10004 R
Press. G1.BP1 T o - ~Toa Press. G1.BP2 Valve C2.1QN1
N [ 5.00 bar_|
E— = ”
Temp. G1.8T1 Temp. E2.BT1
Histories

XFEL operator training, August 2023
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European

XFEL] Water temperature regulation — heating up if needed

e | 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 C1 process pa... B e e PR = e

Gun Temperatures
.ﬂlll. Europaan. 66. 2
o | XFEL _ _ —
L i i = —_ O i — il WS o = e = =
heating active . internal setnoint Gun 64, |
= Gun Vorlauf
RESET : I If
| | 56.718 | 62.
heating off 64 . 6 C Gun Ruecklauf /J
| Heating Timer enable heating for 20 mins.
58,
D = nach Heizer 7
Temp. E1.BT1
| 0.000 | s,
U307 2649017 204301 2649017 2oad0u 264901 2oddv 264501
Temp. A1.BT2 “ Tout-Tin - Valves [n/u] ’ - - - - - -
Valve A1 10082 | Valve A1 1001 ol r - S
: . ) I GUN S m— ad
- 7
- Ll {outin + 0.33K)'5.72 KWK 60. ! > A
o —
A v Temp. A1.BT1 - : 20. - ~
Setpoint 64.88 °C 0 - ]
20. s
11:57 12:02 12:07 2 12:17 12:22 12:27 12:32
FERE C'B” bl 2642017 2642017 2642017 42017 2642017 2642017 2642017 2642017
96.72 [ 15087 kW [har] Pressure [bar]
< 5.1 —
4.9
I 47 -
Valve : open m P —
43 -
1 12:02 12:07 12:12 1217 12:22 12:27 12:32
2017 2642017 2642017 2642007 2642017 2642007 2642017 2642017
L8
Flow. G1.BF1 14
:
06
5 ‘ i 0.2
Temp. C1.BT2 Temp. C1.BT3 Z{ Temp. C1.BT4 7_'4 / o2
‘ AN AN 11:57 1202 12:07 12:12 12417 1222 1227 12:32
0499 hour [ . 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017
. o . - : Valve : fus) Pulse Flat Top [us]
ress. G1. o A=t Press. G1.BP2 »
\L A closed -
A2 > )
Temp. G1.BT1 Temp. E2.BT1 100
Histories

=0

1:57 12:02 12:07 12:12 12:17 12:22 12:27 12:32
26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017 26.1.2017

XFEL operator training, August 2023
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XFEL

Thank you for listening!
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Fast Gun Ramp Up — by FSM

European Typically th ken f he | !
XFE ypically the parameters are taken from the last run!
||/ XFEL_gun_conditioning xinl XFEL.DIAG/TIMER.CENTRAL/MASTER/SASE
MAIN.GUN.I1
Main RF AA6 6/\6 D . Timing LLRF I
Pfwd SP vvvy© vgv . O remon Delay %:ig@ | | -
-/‘\./\Ae 66 ] Reonsom vect(
Phase SP vvgv Y H R s switched o | Filing :éé N _
AAAA m) .
Pulse Length tvgg . Rise time ,:36 ust p @FSM L] Gun Ramp Up
AN AA . ann O
watersP  59.20 | o [( o B FRLIDE e Sacfep—
Klystron kW]  GUN - Forw./Refl ] FSM On O
HY 0KV P_n:  2.20 dBm dBm 0002 T T AA AA
Plwd  OKW DKW 00016l f_'3|:_PH; 4 9 §g
Bl OW¥ 0KV Directional Coupler | = Tl 3 AAA
Interlock Pfor. 0.00 Mw oos > 3 g g
Modulator Details. F Prefl. 000 KW € / 3 AA AA
> emp. [°C]
oo (0 om0 s | 42 i 6490
RESET [ ~
| RepRate (ModulatSet) 10.0 Hz 0 16:3
—iner Doty Rep Rate (MainTime) 10 Hz e 1) FSM On 26.1.2017
RF LUVA / e-
. A s | gy » now: 12.42kW target: 1226 KW
" VS Amplitude [Ix] Photo WG
0.022 0T—T—T T 7
I I I | = Start temperature 64.92 °C
0.016 | | | | | L]

2) Choose targets: gradient

/ y \|/ set
. AA o
/ and pulse width /’ Hater Setpomt }5’@7«/‘:

- ) Start Ramp FSM RF On:
Estimation for the start
temperature fTRF/ Fsmgeor: 16:29 16:33 16:3 16:42
P 7 26.1.2017 26.1.2017 26.1.2017 26.1.2017

225.

RF running
Gun Pulse Length
Only for new ™\ 3)Set start temperature and us). Gun Pulse Lengt
parameters! wait until it’s reached (~0.2 C) 275.

4) Start ramp by switching FSM RF On /
/ FSM
FSM messages Print XE N7 26aam7 N ETiT

XFEL operator training, August 2023
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