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The European X-ray Free Electron Laser (EuXFEL)

RF system
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5MeV 130 MeV 700 MeV 2.4 GeV 17.5 GeV
« 26 RF stations (4 cryomodules each, 1 in A1 and AH1)
« 98 cryomodules (8 cavities each)
« 776 superconducting 1.3 GHz TESLA RF cavities +8 3.9 GHz SRF cavities
1 LLRF system / RF station (i.e. per klystron) split in Manager and Subordinate
CM1 CM2 CM3 | CM4
LLRF KLYSTRON LLRF
manager subordinate
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The European X-ray Free Electron Laser (EuXFEL)

The LLRF multicavity system
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LLRF SUBORDINATE

Based on MTCA.4 standard

« AMC: Advanced Mezzanine Card

« RTM: Rear Transition Module
« 12 slots, hot swap

* Redundant power supply

BACK Zone 3

FRONT

RTM

Analogue / '\ Digital
RF AMC

backplane backplane
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The European X-ray Free Electron Laser (EuXFEL)

Schedule

——

Shutdown/Maintenance Linac startup Interiock tests (no beam)
European H Facility development [ | Access, setup, tuning [ Experiment tuning 7:00-15:00
XFEL peratlon SChedUIe 2022 .x-vayprogram(seo\!Atseov. 14 GeV. 16.3 GeV. 250 pC. 4.5 MHz).

Special mede: Short Pulse, HXRSS. Two Colour
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4 energy settings and 2 RF configurations

« 8, 11.5 and 14 GeV -> Reduced-energy conf.

* Low-gradient and low-radiation

* Low number of rf trips

« 16.3 GeV -> High-energy conf.
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The European X-ray Free Electron Laser (EuXFEL)

LLRF statistics

Total linac time | Total LLRF Total user time |User LLRF User HE weeks
EVE) downtime [days] downtime
[hours - days] [hours - days]
2021 277.36 23.23 - 0.97 168.00 7.94 - 0.33 6
2022 (until 18.09) 236.21 55.97 - 2.3 136.00 7.86 - 0.33 14
1 . .
I vt total linac time | Some conclusions

0.9 r | I wrt total linac time HE

[ Jwrt total user time
B -wrt total user time HE

o
o)

* High-energy makes things more complicated but
still manageable

©
\'

©
o

+ Weekly maintenance is of great help

o
a
T

« Off-beam stations are a great way to test and study
the machine even during user run and maintain the
linac well setup

©
~
T

LLRF downtime incidence [%]
o
w

©
(N

©
—

 LLRF downtime incidence during user runs is still
pretty good (<0.3%)

2021 2022
Year
DESY. Update on the LLRF operations status at the European XFEL | LLRF Workshop 2022 | Marco Diomede, 11.10.2022 Page 5



LLRF status tool

Implemented a MATLAB tool that checks hundreds
of LLRF DOOCS properties and generates and
« Performed (usually) every Monday morning for 1 sends health reports.

h O u r LLRF Status@xfeluser2

« Power-cycle of faulty MTCA boards, CPUs, crates

* Piezo relaxation (reduction of piezo DC voltage to
extend its lifetime)

* Qltuning
« Beam transient calibration

* RF module phase alignment
* Vector Sum scaling

Check Motors:
Check Piezos
Check QL
Detuned cavities
Reference
VS phase
Main status
Main control
Limiters
Virtual probe
Quench protection
DCM
Watchdag errors

Quad

Text Output
24-Feb-2022 14:54.02

IMolors

1Coupler mover errors:
XFEL.RF/CPL.MOVER/C1.M2.AB.L3/MSTATUS
XFEL.RF/CPL.MOVER/C2.M2 AB.L3MSTATUS
XFEL.RF/CPL.MOVER/C3.M2 AB.L3/MSTATUS
XFEL.RF/CPL.MOVER/C4.M2 A8.L3/MSTATUS
XFEL.RF/CPL.MOVER/C5.M2. AB.L3MSTATUS
XFEL.RF/CPL.MOVER/C6.M2.AB.L3MSTATUS
XFEL.RF/CPL.MOVER/CT.M2.AB.L3/MSTATUS
XFEL.RF/CPL.MOVER/C8.M2.AB.L3/MSTATUS
XFEL.RF/CPL.MOVER/CZ.M4 AB.L3MSTATUS
XFEL.RF/CPL.MOVER/C3.M4 AB.L3MSTATUS
XFEL.RF/CPL.MOVER/CE.M4 AB.L3/MSTATUS
XFEL.RF/CPL.MOVER/CT.M4.AB.L3MSTATUS
XFEL.RF/CPL.MOVER/CS.M4 AB.L3MSTATUS

NTuner mator errors:

XFEL.RF/CAV.TUNER/C1.M3.A24 L3/MSTATUS
XFEL.RF/CAV.TUNER/C2.M3.A24 L3/MSTATUS
XFEL.RF/CAV.TUNER/C3.M3 A24 L3/MSTATUS
XFEL.RF/CAV TUNER/C4 M3 A24 [ 3/MSTATUS
XFEL.RF/CAV.TUNER/CS5.M3.A24 L3/MSTATUS
XFEL.RF/CAV.TUNER/CE.M3.A24 L3/MSTATUS
XFEL.RF/CAV. TUNER/CT M3 A24 [ 3/MSTATUS
XFEL.RF/CAV.TUNER/CB.M3.A24 LI/MSTATUS
XFEL.RF/CAV.TUNER/C1.M4.A24 L3/MSTATUS
XFEL.RF/CAV.TUNER/C2.M4.A24 L3/MSTATUS
XFEL.RF/CAV. TUNER/C3 M4 AZ4 [ 3/IMSTATUS
XFEL.RF/CAV.TUNER/C4.M4.A24 LIMSTATUS
XFEL.RF/CAV.TUNER/CS.M4.A24 L3/MSTATUS
XFEL.RF/CAV.TUNER/CE.M4 A24 L3/MSTATUS
XFEL.RF/CAV. TUNER/CT M4 AZ24 [ 3/IMSTATUS
XFEL.RF/CAV.TUNER/CB.M4.A24 LI/MSTATUS

IPiezos
!IPiezo HV OFF:
All good!

!IPiezo enable off:
All good!

Error 1
Error 1
Error 1
Error 1
Error 1
Error 1
Error 1
Error 1
Error 1
Error 1
Error 1
Error 1
Error 1

Motor runs [ holding current
Meoter runs [ holding current
Motor runs / holding current
Motor runs / holding current
Motor runs [ holding current
Meoter runs [ holding current
Motor runs / holding current
Motor runs / holding current
Motor runs [ holding current
Motor runs / holding current
Motor runs / holding current
Motor runs / holding current
Meoter runs [ holding current
Motor runs / holding current
Motor runs / holding current
Motor runs [ holding current

-

M. Diomede, MSK
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Cavity Ql tuner

LLRF maintenance

« It mainly needs to be done at every change in
energy configuration

« Similar approach to the already existing Cavity
Resonance Frequency Tuner script

|t acts on all the modules of a selected RF station

« One module per time with the previous tool -
tuning is faster now (one button solution)
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RF station:

Set Qi for all enabled  4.6e6

Toggle
v Cl
v
v 3
v Cc4
v C5
v C6
v Cr

v cs

Module 1

o
4.59e+06
4.59e+06
4.600+06
4.590+06
4.59¢406
4.59e+06
4.59e+06
4.59¢+06

All 1o 4.6¢6

4.6e+06
4.6e+06
4.60+06
4.60+06
4.6e406
4.6e+06
4.60+06
4.6¢+06

6249 MV ON Beam

Toggle in all modules

Module 2
Toggle Ql All to 4.6¢6
v Cl 4.59e+06 4.6e406
v Q2 4.59e+06 4.6e+06
v C3 4.60e+06 4.60+06
v c4 4606406 4.60406
v G5 4.61e+06 4.6e406
v 6 4.60e+06 4.6e+06
v C7 4.59e+06 4.6e+06
v 8 4.60¢406 4.60+06

Ql tune

Ql treshold: 25000

Toggle

v Cl
v C2
v C3
v Cc4

v C6
v Cc?
v ce

v show

Module 3

Ql
4.60e+06
4.60e+06
4.600+06
4,60e+06
4.60e+06
4.59e+06
4.59¢+06
4.61e+06

All to 4.606

4.6e+06
4.6e+06
4.6e+06
4.6e+06

4.6e+06
4.6e+06
4.60+06

Max step: 5000

Module 4
Toggle ol All to 4.6¢6
v Cl 4.60e406 4.6e+06
v 2 4.59e+06 4.6e+06
v e 4590406 4.60+06
v Cc4 4606406 4.6¢+06
v C5 4.58e406 4.6e406
v C6 4.596406 4.6e+06
v C7 4.6le+06 4.60+06
v cs 4.61¢406  4.6¢+06
le6

V"_i!.'.-"*‘-

m

AT o S e

q EE=—— A
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o
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| use: pydoocs and mathplotlib, getting data in 160 ms

10

20
sample #

4.60

4.55

450 &

445

4.40

Reset graph | Send to logbook | Exit

V 1.6, M.Grecki, MSK, DESY, 2022
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Handle MTCA boards failures

MTCA hot-plug feature

« This happens especially during high-energy runs
« SEUs cause RF trips if probe boards are affected

 The RF station might survive the whole week
before maintenance if forward and reflected boards
are affected

* In the past, the only way to fix it was to power-cycle
the MTCA crate

» Recently, the hot-plug support has been enabled in
all MCHs

« Itis sufficient to power-cycle the board and rescan
the PCle bus on the relative CPU

« The whole procedure can be performed directly
from the jddd panel. Much faster than the past

e [
[ —— |
S ——r 1] [ —
R2ZR1F2 F1 P2 1 R4 RS F3 P4 P3
Al7]8]9]t0]11]12] _Li.-h
REERERE HEEEEEER
EEEEEEE || EEXEEEE
Rascan PCla bus

é AMC _generic.xm| XFEL.CRATE/XFELMCHLLAIOS A _ 0O X
AMC Module SIS8300L2 FRU info |
DOOCS Adr: XFEL.CRATE/XFELMCHLLA10S/AMCS8/
Slot: 8
IPMB Addr: 128
FRUID: 12

Manufacturer: Struck Innovative Systeme GmbH

Production Date: Thu Jul 30 09:55:00 2015

Serial Number: 182
Version: v1.0

MMC version: 0.85

HOTSWAP Hot Swap

HOTSWAPL HS 012 AMCE

Module Handle Closed 1...

Transition to M4

[T XLLRF_main_status_incl.xml XFEL.RF/LLRECONTROL A _ O X

XFEL|

LLRF ready
Trigger

®2Timer

AMC control
Board error
Board clock

Rescan bus

Refer. phases
Controller

MJS client
communication

Print

Manager Subordinate
/e I
I |
I |

R2 R1F2 F1 P2 P1 R4 R3 F4 F3 P4 P3
4| 7|8 9]|10]11]12| 4| 7|8/ 9]|10|11]12|
ENEEEEE ENEEEEE
ENEEEEE ENEEEEE
Rescan PCle bus [ Rescan PCle bus I
I |
I
I |

All sensors
[degrees C] Temperatures
50
m—r———
40
30 A0 RS RAR L LAl RARS RAR LS REES RAR RAbd Ll LA RARS RARS
31. 8. 3. 0. G, 0. 0. 9, 12. 9 17.
2022 2022 2022 2022 2022
[volts] Voltages
20
10+
L1 LA RS RN AR AN RASS RALS RAL) RSl LA R RAd RARI nans
31. 8. 3. 0. h. 0, 0. 9, 12. 9. 17. 0.
2022 2022 2022 2022 2022 2022
Payload
Ports and interfaces |
Control functions: Cold Reset | Reboot |
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Beam regions

« Upgrade/change wrt 3 flat tops (FTs)

« Released after the last shutdown in

bunch pattern broadcast

August !IIIII!IIIIIIIIIIIIIIIII!IIIIIII!IIIIIIIIIIIIIIIIIIIIIIIII|IIIII

« Upto 16 beam regions (BRs) are

. end of RF : : : :
possible ﬁlltime\ o @ L

« Arbitrary shapes of the BRs are possible
(rf station is in so-called “table mode”)

first

« The BRs are separated by transition bunch
regions (TRS) |

3
I NN NN NN AN |
\\ . 5 -
: : : _ set point table N : :
LNANs| |_NANs | INANS [ | | NANs |
. 5 . . 5 \\ - : :
Vo gm
O i ol 1 .
L i BR2 \\z 5
: TRO : BR1
H H H H
;E-IBFB active region  :  L-IBFB active region ' ‘ L-IBFB active region

))
U

Y

A

BRx
: Beam Region x

TRX Transition after BRx
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BLC active region

"1st class" bunches "2nd class" bunches  Bunch pattern
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII broadcast

PCLLLEEE e Bunch train
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Beam regions

« Upgrade/change wrt 3 flat tops (FTs)

XFEL_SumVoltageControl.xm| XFEL.RF/LLRE.SUMVOLTAGE CTRL/L1/ A O X

LLRF SUM VOLTAGE CONTROL

. L1 RF Settings 574 4

* Released after the last shutdown in R O ==
August cvros 80540 W 08 W A e
BR2 SASET .. 572.66 . 279.83 l ﬂ 573 6

« Up to 16 beam regions (BRs) are oz
possible am

5726 T I
800 850 900

T T T T T 1
1000 1050 1100 1130 1200 1230 1300

. ) 950 A
 Arbitrary shapes of the BRs are possible e
(rf station is in so-called “table mode”) s
« The BRs are separated by transition
regions (TRS) Reset all Beam Regions -9.50)
° The idea behind the BRS iS aISO to A?lu\ LT T T T T T T T T [ T I15I ’ 800 BEI:I] BE‘II] QEI:D 1DIEII] 1D|5I] 11|I][I 11|5D WZ‘DD i‘ZIﬁ[I 1[1[;?
control multiple stations from a high level ‘ L -
m |EE L1 L2
SOftWare Called Sum VOItage Contr0| ‘ ‘ Wiote new LLRF amplitude and phase tables. zozz.00.18T10:55.32) Location Log..
°k Send to xfellog |

« Control beam parameters which are then
translated into amplitude and phase set
points on the LLRF stations
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Beam regions

« The setpoint (SP) tables are generated
by the lIrfCtrl server

« The vector sum SP amplitude defines
the value at the beginning of the beam
region

« The lIrfCtrl server rejects BR requests
that correspond to exceeding the
threshold of 0.7 MV/us

« Itis considered to be the maximum
deviation, in the complex plane, that is
sustainable by the klystron bandwidth

LLRF SP v8.xml XFEL.RF/LLRE.CONTROLLER/A2.L1/

Setpoint trajectory generation: CTRL.A2.L1

Ampl /Phase r 1G representation

M) Amplitude [deg] Phase

600 ‘ 504
500
10-
400 %
30-
300
200 | 209
100 107
n
e
a0o  ado 6o sbo 100 12bn 14bo 1600 18Do 2n1? 2 200 ado  so

Mill 1I]hl] 12hﬂ 14hﬂ 1ﬁhl] 1B|ﬂll lelugi]

Control panel for scalar mode

AAAAA

Amplitude @é; . §g Mv Amplitude slope tour gg

... 00

|| Setpoint Correction

Phase t. éé . 39 deg Phase slope

] Setpoint Smoothing

Ann AmAAn AA
SPtabledelay 3 us  Amplitude SPlimit 680,00 MV

FF & SP Phase Mod. (XGUN) |

FF & SP Phase Mod. (XFEL) |

Phase Mod. Script (FLEXFEL) |

Control panel for table mode

|:| actual
|:| status

Transition vector limit
v SP per bunch enable

Reset

# of beam regions 2 o
°.70 [ s

# of transition regions 3

transition ok beam regions ok
Bunch 1

last Bunch

Min transition time per region [us]

IR EEEEE:

Show expert plots
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Beam regions

LLRF control panel

Isvn/XFEL/LLRF/SC_modules/XLLRF_RFstation_main_v8.xml XFEL.RF/LLRF.CONTROLLER/AS.L2/

szl LLRF CONTROL A5.L2

Klystron output waveforms

ISVnXFEULLRF/KLM/Kly_out_amp_ph_plot.xml XFEL.RF/LLRF, KLM/MAIN.AS.L2/

Forward Amplitude

Subsystems
Tablemode |  Set scalar mode| Modulator ] KLY [l Kiy Timing
Manager Subordinate
Voltage H| Tlm”?; Timing e e
max 746 —
v MPS MPS TunerSeript | CPIM
Rack ok Rack oK PSM
Phase MTCA o MTCA  fion RPC test
e kv [
2067 deg —
= 7 Watchdog (& Watchdo DAQ Viewer, LLRF details
Operational B - ol v o6 ‘
— Status = = =
V] stationon @ FSMon _FSM| [ Limiters/Synch_|[ Cavitytuning |
RE runding [ DCM ][ cavity QL status |
[ Piezd |[[ VirualProbe || Quad |
FSM Amplitude SP | 568.19 - MV
[ Main Status | 1200
v| Feedforward
v| Output vector correction
v| Piezo Autom | _ Reset_| |
i FFECdbiack Performance
v| Feedforward correction (
- Rst|
v|Learning FF e
v| Beam loading compensation
[MV] Amplitude [deg] Phase
EBEJ 68 3
580 50
575 40+
570 30
565 204 S—
4 T 1
| 1000 1200
560 | I 10+
( z
555 : | | : I | 0 : | I Il DAQO enable (protection plots) DAQ1 parameters
600 800 1000 1200 1400 1[60(]) 0 500 1000 1500 2[00? - DAQ1 enable (amp, pha, hu) — 1|~
us us
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2007

150

1600 860 1000 1200

deg] Reflected Phase
200

|

O
1600 1800
[us]

v — 1 — —
600 800 1000 1200

DAQ Divider
8 <

DAQ freq: DAQ offset jus]
903 MHz 0

DAQ length{smpales)
16384

- —
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1600
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MARWIN XTL radiation scans

Radiation issues
* During high-energy runs, weekly radiation scans of the XTL tunnel (A2-A25) are performed

« MARWIN is the robot used for these scans

« If the neutron radiation of a station constantly exceeds the administrative limit of 500 uSv/h, its accelerating
gradient is reduced or the emitting cavity detuned

* Over the years, several field emitters have been discovered

— Neutron — Gamma

1000 T TS . ‘ ‘ ‘ ‘ ‘
. A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20 A21 A22 A23 A24 A25

, il N(w 'u\ﬁ | Wl m
I '\,

200 400 600 800 1000 1200 1400

DESY. Update on the LLRF operations status at the European XFEL | LLRF Workshop 2022 | Marco Diomede, 11.10.2022 Page 13



Thank you

Contact

DESY. Deutsches
Elektronen-Synchrotron

www.desy.de

Marco Diomede
MSK group
marco.diomede@desy.de
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