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1. Introduction

« Whatis LLRF?
* RF cavities: equivalent circuit and main parameters
« Cavity tuning and coupling

 LLRF and HPRF system overview
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Introduction

 Low Level Radio Frequency: Low Level
means low power (i.e. < 1Watt)

« Our task: digital control of accelerating
fields inside the cavities

* Normal conducting
e Gunl.3 @ GHz
 TDS Injector @ 3.0 GHz
« TDSBC2 @ 3.0 GHz
» Super conducting cavities
« ALl-A25@ 1.3 GHz
« AH1 @ 3.9 GHz

DESY

Frequency tuning
} W

RF cavity

I7
Bandwidth tuning ; High- power Low-Level

N : RF

Field tuning

Bandwidth
control

Frequency
control

LLRF : measures and controls

- the [@ccelerating field inside the cavity

« the bandwidth of the cavity
« the resonant frequency of the cavity
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Cavity as an Electrical System
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2"d order linear differential equation has a solution in the form of
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V(t) = Veay (t) X sin(wgpt)

envelope carrier
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Cavity as an Electrical System

A V(t) = Veay(t) X sin(wgpt)

Vvax |--———"""""""""“"="-"="---=-==
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Vcay - €nvelope

t
Vear = Vax(1 —e 7)

T is the cavity time constant

it depends on the cavity bandwidth

T=@
v\

cavity half bandwidth
(i.e. half of the cavity bandwidth)
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Cavity as an Electrical System

In the frequency domain

VMAX
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« Cavity behaves as a band pass filter 4
* Center frequency f, @
- Half bandwidth  f,, 2
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Cavity as an Electrical System

« Cavity behaves as a band pass filter 4 )
|
* Center frequency f, o i
- Half bandwidth  f,, 2 |
£
<
« We can define detuning as the difference between
the cavity center frequency (fy = resonance | > freq
frequency) and the frequency of the RF drive (fxg) A fo Irr
90 |
Aw = wy— wrp = 21(fo— frr) 45
[0}
}:Ue 0 » freq
- |
-45
-90
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Tuner examples
Saclay type (EUXFEL)

~ Motor tuner (coarse)
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Cavity “fine” tuning

Use of piezo in pulsed mode

« Lorentz Force detuning

Repulsive magnetic
forces

Shape for
zero field

Deformed

shape \

Attractive electric forces

Cavity axis
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Piezo stimulus:
* Frequency

* AC amplitude
DC offset

« Lorentz force detuning compensation using piezo

Delay

100

Detuning, Hz

1
(o= ]
(= ]

-200

TIOV

resonance build up

Piezo's Drive biTi (f= |t:»:>H2)/ \ RF pulse

(not in scale)

A

15V

e VAVARVER

NEAYAR
\

Delay=26.75ms

\Af=275Hz | Re=z0mz

| s OFN

time [us]

Example from FNAL 2007
R. Carcagno et al. SRF 2007
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Cavity coupling

Input coupler

« An antenna carries power from an RF source to the cavity

» The strength of the

Is adjusted by changing the

penetration of the center conductor

Output coupler (pick up)

» the
transmitted through the cavity

(fixed coupler) picks up power
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Transmitted
Power Probe
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Input
Measurable Coupler
“resulting” quality
factor (loaded Q)
\ 0 ( 1 N 1 )—1
L pu—
Qe:::t QO

/

External quality
factor modified
by the coupler
antenna position

\

Cavity unloaded
quality factor
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Cavity coupling

« Q,=unloaded quality factor

* Measured without the cavity power coupler

» Is adirect indication of the power dissipated in the cavity walls
(high QO - low losses)

Q. = external quality factor

* Can be changed when moving the coupler antenna
« Impacts how the incoming RF power couples into the cavity

« High Q. means slow response time, but less power required to
reach high gradient

 Q_ = loaded quality factor

+ “Resulting” or “Effective” quality factor
* Is what can be measured during operation
« Changes in Q, are masked by Q.
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LLRF System

Feed Forward

« Cavity response to a square pulse

A
[}
o
2
2
E
o
o
(]
g ,
2 Forward drive
» time
A _
Vyax = Steady state cavity voltage
B
=
s \ Flat RF region that
° can be used for
E V beam acceleration
O CAV
time
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Q, affects the cavity rate of filling and

cavity bandwidth

: 1
Q_isthere — 7 = Q

/ 2w, - 2T f1/2
4

Voay = Varax (1 —e V)

R
0.
@ "y

Vieax = 2\/PFWD

\

Q_ is there

Q, affects the cavity maximum voltage

(for a given forward power)
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Forward amplitude

Cavity amplitude

LLRF System

Feed Forward

« Adjust amplitude of the forward drive to match the set point gradient at the beginning of the beam time

Forward drive
Cavity set point
Cavity voltage

<>

Forward amplitude
Forward amplitude
<«

» time » time

» time

Cavity amplitude
Cavity amplitude

<<€ <<€ <<€

beam time . beam time . beam time .
» time » time » time

. OQutput Vector Correction
OVC amplitude! [ LT
prase ~35 . 994
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Forward amplitude

Cavity amplitude

LLRF System

Feed Forward

« Adjust the drive during the beam time to maintain a flat accelerating gradient

Forward drive
Cavity set point
Cavity voltage

A A A
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o Output Vector Correction
OVC ratio! Won e 0.4899

prase “030. 094

DESY. | XFEL operator training on LLRF | M. Diomede | 2025.02.05 Page 15



Introduction
LLRF Systems

« Where are we involved?

* In every RF station
29 LLRF systems

L1 L2
TDS-INJ
/ Cryostring 1

TDS-BC2

|1
Y Y Y Cryostring 3

Cryostring 2

L3

Cryostring 8
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Cryostring 9
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2 wan g
\ J
Y
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reserved for tests
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Introduction
LLRF Systems

 RF Stations in the injector

N
| *J L*
.
/:,J |
Al and AH1 share the same LLRF crate
UG3
BEAM =i

4 L | j

: vy g

Gun T I I I I I
2
LLRF

DESY. | XFEL operator training on LLRF | M. Diomede | 2025.02.05 Page 17




Introduction : LLRF Station Overview

CM1 CM2 CM3 CM4
1 T
= BEAM i = M
= KLYSTRON SRR ==
- | = 2| a8

LLRF SLAVE

T L= [ =

CM1 CM?2 CM3 CM4 em
8 cavities 8 cavities 8 cavities 8 cavities Drift Compensation Module
REFM
MLO > RF Reference Module
A
LOGM
Local Oscillator Generation
@ Module
D
MO PSM
Power Supply Module
UTCA uTCA PZ16M
PSM PSM Piezo Driver Module
PZ16M PZ16M

DESY. | XFEL operator training on ULkeRiF MASTER 02.05 LLRF SLAVE Page 18



2. What an operator should know

 LLRF tasks of the XFEL operator:

« Turn an RF station ON / OFF

» Adjust the vector-sum voltage / phase

« Tune cavities, if necessary

« Adjust output vector correction and ratio, if necessary

» Set a certain phase as on-crest phase
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at an operator should know
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What an operator should know
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What an operator should know

_ Navigate to the main LLRF panel of a particular
—— e RF station: INJ, L1, L2, L3

:
Status Operations  ® * Procedures  Feedbacks Automation | Diagnostics . :
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FsM CLEHR Server/Firmware Versions
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LLRF control L2 ¥
LLRF Overview LLRF Subsystems

LLRF Control L3 A
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What an operator should know

Scalar/Table mode
Voltage setpoint

Phase setpoint

Ramp station with FSM
Check for ON,

FSM should be green ramp-down
FSM recovery voltage (open loop)
Quench notifications A

-4

7

ALL these settings
should be enabled* v
Ramp-up

* exception gun

DESY.

https:/fjddd-«fel.desy.de/jddd/XFEL/LLRF/SC_modules/XLLRF_RFstation_main.xml XFEL.RF/LLRF.CONTROLLER/ALD.L3/

- “Sncnio: | pri ]
L LLRF CONTROL A10.L3 | MR oo

Non-LLRF systems

(i
Scalar mode

St Modulator B KLy B kiy Timing | [GliEaitpele]  coupler [ NOn-L LRF SyStemS'
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Timing Timing |

MPS WPS . .
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Feedforward
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Piezo Autom.
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Feedforward correction
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Beam loading compensation

Drift
compensation
module (DCM)

Performance

) Ampituce [dcg) Phase Not green:
1000 0 Not green: :
800 80 OK f%r operation but OK'for operation
\ o708 arpe ot but drifts are not
N N pieze compensated
2004 a0 working
200 204
0 T T T 0 T T T !
[u] 500 1000 1500 Q[IEJ%E]J U] 500 1000 1500 2[[3,1%[]]
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What an operator should know

Limiters

Not green:

Might lead to RF
pulse cuts

Main status

Not green:

https:/fjddd-«fel.desy.de/jddd/XFEL/LLRF/SC_modules/XLLRF_RFstation_main.xml XFEL.RF/LLRF.CONTROLLER/ALD.L3/

- “Sncnio: | pri ]
L LLRF CONTROL A10.L3 | MR oo

Non-LLRF systems
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be possible

DESY.

Feedback Reset fI at tO p

Feedfarward correction
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H|
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1DIJG 108

Error message area
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600- 60 minutes after the error is
4004 407 gOI’]E)
200 20 \
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0 500 1000 1500 2[[3%[]] 0 500 1000 1500 2[[1%[]]
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What an operator should know
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What an operator should know

-

~~ XLLRF_main_status_incl.xml XFEL.RF/LLRFE.CONTROL o — O

X

LLRF reacy
Trigaer

w2Timer

AMC control
Board error
Board clock

Rescan bus

Refer. phases

Controller

Table mode

M/S client
communication

[H| Print

Subordinate [T

R2 R1 F2 F1 P2 P1
4| 7|8 9|10/11/12|
HEEEEEN
HEEEEEN

Rescan PCle bus |

R4 R3 F4 F3 P4 P3
4| 7| 8| 910]11|12|

Rescan PCle bus |

B

LLRF CONTROL A10.L3

~Swrchio J|_pri |
-

DESY. | XFEL operator training on LLRF | M. Diomede | 2025.02.05

Non-LLRF systems
Scalar mode Set Table mode |
Modulator B KLy B kiy Timing | [GliEaitpele]  coupler [
Voltage 3@@ . ﬁﬁ Subsystems
max volt .
. 50010 MV M;n;ger Subgrgmate
Timing Timing |
N .\'\2& 90 MPS MFPS
Phase . H
Vv ] Rack Rack
21.90 deg WMTCA MTCA RPC test
DG 5| L
Stationon @ FsMon _FSM| watchdog [B]]  watchdog [B]] _ DaQViewer | LLRF detais |
RF running Status _ _
Fecdforward Il_ [ VituarProbe ]
Output vector correction _
Piezo Autom.
Feedback
Feedforward correction _ Reset | ‘
Learning FF RStI Performance
Beam loading compensation
[MV]  Amplitude [deg] Phase
10&0 108
800+ 80+
600 \ 60
4004 40
200+ 204 \
0 T T T 0 T T T
0] 500 1000 1500 2000 0 500 1000 1500 2000
[us] [us]
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What an operator should know
LLRF color code

Non-LLRF systems

Modulator B KLY [BH Kiy Timing| [Gbadrpale] coupler [

Subsystems

Color code
Manager Subordinate Off Beam | RF Gate
Timin Timin Maotars
. 00K
B e — Operation probably not possible
RPC test O 2o
KLM 2 Disabled
Watchdog ]  Watchdog ]  DAQviewer | LLRF details | L[] swaming —» Operation still possible!

et [ sy ] [ eyt ]
i T [N T —
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What an operator should know

XFEL_GUN_lIrf_main.xml XFEL.RF/LLRF.CONTROLLER/GUN.IL/

Note that for the gun, the
following features are
greyed out and should
stay disabled:

 Feed-forward correction
* Learning FF

DESY

{

LLRF CONTROL MAIN.GUN.I1

08.07.02-03

Main Control

Voltage 53 . 56

57.57 MVim

ensse 3084.40

-44.64 deg

Non-LLRF systems

Modulator B Kiystron [BH

Subsystems

Watchdog
RPC test
MTCA

~ Operational [l 5|
Stationon @@ FSMon FSMI

RF running

Feed-Forward
Output vector correction
Feedback

Activate fast protection
Protection . m

Status

Coupler
[l _RF Gate

RF Meas.
WG Overview
PSM
GUN Power
DAC Viewer
LLRF details

Pulse Width Modulation

Owerview Panel

B Puise Width Feedback

[0 Feed-Forward correcti...
[JLearning FF ‘ Reset |‘
Performance
Amplitude [deg] Phase
60 200
150
50—
100
40 50]
30— o j—
50
20
-100
10 l 1504
L} -200
600 alo 1000 1200 1400 1600 600 8bo 1000 1200 1400 1600
[us] [us]
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What an operator should know

o XFEL_gun_conditioning.xm| XFEL.DIAG/TIMER.CENTRAL/MASTER/SASE A _ OX
GUN conditioning MAIN.GUN.I1
Main RF Timing LLRF LLRF MPS Vacuum Magnets
LY. V. V.% Fwd G &
AAAAN Expert ate . .
Pfwd SP ‘5"7, zgg H @ Fsmon Delay 768 us P LLRF 1) 346610 Main Sol | Bucking | BK |
RF On / Of i SR ct : BT.7TMVI 426 deg 2 () 1.56E-10
AAAA AA Filling us | Vvectorsum: . m .6 deg f Coupler . Anan A
~"42 .60 H|_rsm Ramp w33 sampledat  800.00 us Bucking 4,200 200 [l
Phase sP .24 -0U —ofl L Ana 3() 73:EM
o target pulse [us] 605 Rise time 25 wusf manual vect. corr. Feedback a . 733EA1 Sol 1335 3 338.3 .
An A . Ana 33E- olen... <299 :
Pulse Length tgg& . target SP §z zg Fall time ~25 us| @ puise width mod. ] 1ast p. panel m s . —_— A AAR .
RF running PWM Feed... fast protection L $9.99 0.0
0 . 2.29E10 RF-Window i An AAA .
p Vacuum Overview | 7 Uit ¢3 ggg 4.9
Klystron HV 108 KV P_In: 52.29 dBm lkw] GUN - Forw./Refl. Power Water Temp. History Gun Coupler
Power Meter (HPRF) Kiyl  Kly2 Gun I teu Fommar P I —_— 0.03 e-1 WG 252E3 1o |
Piwd 2778 2835 5086 KW 5000-{-=cu Power Bur128720404 ﬂ,'ZLL Water system (heating)| |  4pe4 e-1 Win 25263 1|
Prfl 1IJ. . 5 49 kW 1000 Water heating is off. 2.34 Photodiode WG 4241x 10|
—Interlock—— — Directional Coupler (LLRF) - RF operation allowed 0.49 Photodiode Win 13010 1o
Modulat. state:[5 3000 0.59 Spark Win 037 o
Mod. Detal Pfor. 543 Mw
od. Details ol e 2000 Guniris temp Interlock
Interlock o [ || so.cunit | || Br.Guni List all FADCs
1000 An An
RESET Pulse Length HV: 1300 ps set 66.73 [
————————— Rep Rate (Modulat.S... 10 Hz 0 i Temp / Vac
Power Defails | p.p, Rate (MainTime) 10 Hz 00 600 800 1000 1200 1300 1600 § oy, | Ll l-c Gun Temperature
RF LUVA/ e- 0
o] corfig | config
VS Amplitude [x] Photo WG [ma]  e- WG, Win f . I .
o 0 More familiar
30 4 0
20 2 -
10 0 = - .
u = / = A : 2552022 2552022 255002
600 800 1000 1200 1400 1600 600 800 1000 1200 1400 1600 600 800 1000 1200 1400 1600 = il = =
[us] [us] [us]
= Ramp not starting? -> Gun Forw/Refl Phase = — s b B
[deg] VS Phase [lx] Photo Win 320 - mbad
200 10 ) (
0 4
-100 2 el T
-200 -2
600 800 1000 1200 1400 1600 600 800 1000 1200 1400 1600 5h 11h 18h oh g p
[us] (I 25.5.2022  25.5.2022 26.5.2022 it il ol
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What an operator should know

Drive with FF only (i.e. open loop)
no feedback trying to minimize error
between signal and set point

Linear scaling of amplitude and phase
drive to minimize error (automation)

XLLRF_RFstation_main.xml| XFEL.RF/LLRFE.CONTROLLER/A6.L3/ A

xFeL| LLRF CONTROL A6.L3

- 0O X

]:| [FIXIES 07080226

Voltage

mar G35

Main Control

AAAN AN

63540

535.02 MV

PAAN AN

Phase - 1.20

W

I

W

Subsystems

Modulatar [

KLy [T Ky Timing |

Manager
Timing

Subordinate
Timing |

QUCKTure

MPS

MPS

Rack

Rack

MTCA

MTCA

Enables cavity tuning using piezos
(including Lorentz force detuning)

Drive with FB (closed loop)

Applies small corrections to FF to
compensate for systematic errors

/4

Learns from pulse to pulse to adapt
these small corrections

Re-initialize what has been learnt so
far (i.e. start from empty correction)

Applies small correction to the drive to
compensate for the presence of beam
(i.e. scales with beam parameters)

DESY

Feedforward
Output vector correction
Piezo Autom.
Feedback
Feedforward correction
Learning FF
Beam |

Mg compensation

Watchdog .

Tuner Script

RPC test

DAQViewer |  LLRF details |

[resrons |
[ ] [ Covy oL sams || |

L T T T T

Cavity tuning | | |

Reset ‘

T I
] 300 1000

I
1500 2000

[us]

g

-100+

=180

Phase

0

-804

| | |
500 1000 1500 2000
[us]
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What an operator should know

Changing RF amplitude set point
M= Changeis less
than 100 MeV ?

Do it in open loop

Do it in closed loop

Dial in new SP

Open the loop and

adjust SP
After adjustment YES

"T“'ter? als Adjust OVC amplitude

Ligesiing ¢ and ratio
Note:
Changing SP phase does Revert to previous Check tuning and
not require so much care, SP and try in open adjust OVC phase
but should be also done loop
progressively (i.e. steps of
10 deg.)

Close the loop
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What an operator should know
Changing RF amplitude set point in open loop (1/4)

Save S&R file

European

XFEL

LLRF CONTROL A15.L3

Switch to:

.
LLRF system diagram

—
Main Control Subsystems Module 1 JH] Module 2 [H] Module 3 [H] Module 4 JH]
PP Modulamr. KIyTiming| _RFGate| cl|cz|c5|c4|c5|cs|cr|ca| c1|cz|c5|c4|c5|cs|cr|ca| c1|cz|c3|c4|c5|cs|cr|ca| c1|cz|c5|c4|c5|cs|cr|ca|
VT::QE §§g * gg H ?iér‘nsitr:.!r Slave Coupler 1283 Sca ] Rot 95.29 Sca Rot] 1121 Sca | Rot 106.8 S_QIM
= g Timing | == 1452 pvs| 1775 PVS [4—] 15.26 15.78
525.71 MV MPS MPS Tuner Script | CPIM . s [ _Pvs [4—
PAHD O Rack Rack PSM ) *
Phase — 14.12 [l KLM "RPC test |
-22.30 deg watchdog [ll]  Watchdog [ -
Staonon (@ FSMon _FSM | m 5256 MV .o :—im
large amplitude or phase error (#lirf) SR [cavity tuning status] | Steps active | +22.3 deg e

Limiters/Synch ok

AW ens | cavityaLstatus || siopes sctive | &

PZT - ERR |4— I Toroid

Feedforward
FFc O
[[] Output vector correction Only FF v S

e LFF O

[] Piezo Autom.

[] Feedback ‘ Reset ‘

[| Feedforward correction
Performance B |4—] FF_|[4——o
[]Learning FF @ J _~

[]1Beam loading compensation

w
=
—
DAC offset

wmmo O BLc O

Klystron Legend

[ status Ena
=+ Signal flow
< Monitor tap

Ampl. and Phase readouts lower than SP lﬁm
Feed Forward + Learning FF Feedback BLC

Fr| sp | re | wF | Bic | ReF |
[nv] Amplitude [deq]  Phase Feed Forward On FB ML... Enable
00 %B_ v = [] ove | Vs | out | VM |HBLS| Cav |
] Correction tables Reset imi
s 17.5 [l _Reset | ;ﬂput limiter  Cosers? W KM | Statistic| Limiter | PP |
3 Enable
12.55 || LFFEnable Amplerr  9.370
4007 7.5 "33 .00 Detail ~HD =
E o i R ia2 Phase err  8.234
254 utput Vector Correction Board | Info Board | Info
3004 3 PP Pulse ok? [
-2.53 [ Jon Ampi  g_3735 *7° - DCM | uLoG DCM | uLoG
-7.59 TEVYRY poanoz Pulse settings intra-pulse
200 e omase 2458 187 4sc Demy 2 us  OAA 00000 % [ quench| pziem| | [ uench| Pz1em
-, 1753 YRS IV Y 4505 P dP  10.0000 deg Module 1 Module 2 Module 3  Module 4
_22_5: Ratio a_iag 0.346 Al Zég I cputs Detuning| Detuning| Detuning| Detuning|
o7 e A SAA dA/A IR % Ref | Ref | Ref | Ref |
] S D e S S R 278 I | | Flattop 50 650 gp 00000 de
00 200 00 1000 1400 1[80? 0.0 400 800 1200 1{81?. IDisabled ey 9 ADC Delays| ADC Delays| | ADC Delays| ADC Delays |
us us
s
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What an operator should know

LLRF CONTROL A15.L3

Save S&R file

Switch to:

Open in new window
close details

Module 1 [H]

Module 2 [H]

Module 3 [H] Module 4 [H]

C1|CZ|C5|C4|C5|C6|C?|CB|

C1|CZ|C5|C4|C5|C6|C?|CB|

C1|CZ|C3|C4|C5|C6|C?|CB| C1|CZ|C5|C4|C5|C6|C?|CB|

Main Control Subsystems
o o Modulator [ll] _Kly Timing | PERESERN[] RF Gate |
voltage 580 .00 [ Master Slave Coupler
max 680 vy v Timing Timing_ | cuckrea] Tuner |
577.23 MV MPS MPS Tuner Script |  CPIM
AAAA AA Rack Rack PSM
Phase = 14.12[] KLM RPC test
-19.49 deg watchdog [ll]  Watchdog [
__LLRF detais |
Staonon (@ FSMon _FSM | FLRE detall
RF running Stahia [Cavity tuning status] | stp- cive |
Limiters/Synch ok = — -
FSM Amplitude SP [ 580.00 =MV RAW ena RN |
pzr [[Quad |
Feedforward
[[] Output vector correction
[] Piezo Autom.
[] Feedback ‘ Reset ‘
O Feedforward correction Rst|  Performance
[]Learning FF
[] Beam loading compensation
[gﬂu\é] Amplitude [degq;_g _Phase
=i 17.5
12.54
400 7.5
2.5:
300+ _2.54
-7.8
A5 -12.5
1004 —1?.5j
—22.5t
u L ) I B A =275 I |
0.0 200 600 1000 1400 1800 0.0 400 s00 1200 1800
[us] [us]

DESY

L] L] I
140.9 Sca/ Rot 104.5 Sca | Rot| 1231 Sca | Rot 17.3 Sca | Rot
18.30 PVS 20.30 PVS | = 18.11 18.27
4 _pvs [«— _PVs |4—
O
Sca [ Rot
STIZMV o | ]
-19.4 deg
‘Beam based Feedback
v
ERR |+— I Toroid
s | ] -
D @
v FFC
(" FFO | E
mimo O BLc O 3
Klystron Legend
FE |4 FF |#——| [ status Ena
J ~ > - = Signal flow
< Monitor tap
x| Plot/Panel
N =
Feed Forward + Learning FF Feedback BLC = | = | = | = | = | — |
Feed Forward On FB MI... Enable
v (1= M [ ovc|vs|om|vu|MBLs|Cav|
Correction tables Reset imi
[ Reset | Outputlimiter ¢ cers? M KM | Statistic| Limiter | PP |
| | LFFEnable W Enabee
o mm Ampl err 0.474
43 .50 Detail Master Slave
Output Vector Correction vy ovy Phaseerr  5.370 Board | Info Boardl e
S—— = Pulse ok? 0]
D{Jrl Ampl  Q.4135 *41% - - pcM | uLog DCM | uLoG
VW Pulse settings intra-pulse
AR 257 it | Delay 20 us R — [ quench| pziem| | [ uench| Pz1em
Phase -133-131 dP  [0.0000 de
v YRR IVR P ) Module 1 Module 2 Module 3 Module 4
illi TS50
Ratio a iag 0.346 A Zég PR s Detuning| Detuning Detuning D ing|
oYY ann dA/A 1000007 % Ref Ref Ref Ref
Flattop 5
/Disabled §§g ea0 dp 0.0000 deg A[)CDeIay5| ADCDeIay5| ADC Delay5| ADC Delays
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What an operator should know

Save S&R file

LLRF CONTROL A15.L3

Switch to:

Open in new window
close details

Main Control Subsystems Module 1 JH] Module 2 [H] Module 3 [H] Module 4 JH]
PP Modulamr. KIyTiming| _RFGate| C1|CZ|C5|C4|C5|CS|C}'|CB| c1|cz|c5|c4|c5|cs|cr|cs| c1|cz|c3|c4|c5|cs|cr|cs| c1|cz|c5|c4|c5|cs|cr|cs|
Voltage Master Slave Coupler T T
mg §§g 'gg H Timi Timi | -~ 1417 BeaEot 105.2 Sca Rot| 123.8 Sca / Rot 117.9 Sca | Rot
e g g toktore] Tome 17.83 PVS 19.95 PUS |— 18.71 18.37
580.20 MV MPS MPS Tuner Script | GPIM ) s [ Pvs [4—
AAAA AA Rack Rack PSM B
Phase = 14.12[] KLM RPC test
-19.40 deg watchdog [ll]  Watchdog [ -
LLRF details Sca | Rot
Stationon @ FSMon _FSM 5802MV o (o]
Status N -19.4 deg
RF running Beam based Fesdback
Limiters/Synch ok | Cavity QL stat | | | v
av Status Slopes active
FSM Amplitude SP | 580.00|mv RAW ena
- [awe ] wle] ¥ |
Feedforward Frc O H
[_] Qutput vector correction o — E FFO - %
[] Piezo Autom. o 2
MIMO BLc [ a
[ Feedback ‘ Reset ‘ Klystron Legend
[ Feedforward correction
Rst Performance FE | a— FF |t [ Sstatus Ena
[]Learning FF Rt _re | -~ > . = Signal flow
i i < Monitor tap
[ Beam loading compensation et
— " Feed Forward + Learning FF Feedback BLC = | = | = | = | TG | — |
(] Amplitude [de ase Feed Forward On FB M. Enable
600 ?q;ﬁ_ v (1= M [ ovc | vs | ow | vm |meLs | cav |
] Correction tables Reset imi
s 17.5 [l _Reset | ;ﬂpm limiter  Cosers7 [ KM | Statistic| Limiter | PP |
3 Enable
123 || P Enabie R Amplerr  0.038
400 7.5 42 .00 Detail Master Slave
3 5 Output Vector Correction vy ovy Phaseerr  5.280 Board | Info Boardl e
300 3 PP ; Pulse ok? [
-2.53 [ Jon Ampi  p_2135 *'*° - - DCM | uLoG DCM | uLoG
-7.59 TEEVRY Pulse settings intra-pulse
. e 0 Quench| PZ16M Quench| PZ16M
200 1253 e :igg igi G Delay 20 us dA/A 0.0000 % . .
-, 1753 kA ik O dP  [0.0000" deg Module 1 Module 2 Module 3 Module 4
22 5 I Ratio a_agg 0.456 I Filling 359 et e opuiss Detuning|  Detuning| Detuning| D ing|
I B e R 07 5 | | | e Fattop 255 dA/A M % Ref Ref Ref Ref
00 200 A0O0 1000 1400 1[80? 0.0 400 800 1200 1[80? IDisabled vt €0 jdP NI deg ADC Delays| ADC Delays| | ADC Delays| ADC Delays
Us us
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What an operator should know

To
close
the
loop

DESY

LLRF CONTROL A15.L3

Save S&R file

Switch to:

Open in new window
close details

Module 1 [H]

Module 2 [H]

Module 3 [H] Module 4 [H]

C1|CZ|C5|C4|C5|C6|C?|CB|

C1|CZ|C5|C4|C5|C6|C?|CB|

C1|CZ|C3|C4|C5|C6|C?|CB| C1|CZ|C5|C4|C5|C6|C?|CB|

Main Control Subsystems
o o Modulator [ll] _Kly Timing | PERESERN[] RF Gate |
voltage 580 .00 [ Master Slave Coupler
max 680 vy v Timing Timing_ | cuckrea] Tuner |
579.89 MV MPS MPS Tuner Script |  CPIM
AAAA AA Rack Rack PSM
Phase = 14.12[] KLM RPC test
-14.67 deg watchdog [ll]  Watchdog [
[v]Station on (@ FSMon _FSM| w
RF running Status
Limiters/Synch ok = — -
FSM Amplitude SP [ 580.00 =MV RAW ena RN |
- [[Quad |
Feedforward
[V Qutput vector correction
[V Piezo Autom.
VFeedback ‘ Reset ‘
E/I’Feedtprward correction Rst|  Performance
[VLearning FF
[V/Beam Ipading compensation
[gﬂu\é] Amplitude [dezq;ﬁ _Phase
500 17,57
1254
400+ 7.5
2.5:
300 953
-7.59
00 1259
o ke -
-22.5
- -27 59 —{—
0.0 200 600 1000 1400 1800 0.0 400 I%DD 1200 1800
[us] [us]

L] L] I
1416 Sca/ Rot 1051 Sca | Rot| 1238 Sca | Rot 17.8 Sca | Rot
22.86 PVS 2469 PVS | = 23.10 23.79
4 _pvs [«— _PVs |4—
O
Sca [ Rot
580.1 MV vs |
-14.6 deg
‘Beam based Feedback
v
ERR |+— I Toroid
sp | -
@
v FFe O
(" FFO | E
mimo O BLc O 3
Klystron Legend
FE |4 FF |#——| [ status Ena
J ~ > - = Signal flow
< Monitor tap
x| Plot/Panel
N =
Feed Forward + Learning FF Feedback BLC = | = | = | T | e | = |
Feed Forward On FB MI... Enable
v (1= M [ ovc|vs|om|vu|MBLs|Cav|
Correction tables Reset imi
[ Reset | Outputlimiter ¢ cers? M KM | Statistic| Limiter | PP |
| | LFFEnable W Enabee
o mm Ampl err 0.029
43 .50 Detail Master Slave
Output Vector Correction vy ovy Phaseerr  0.547 Board | Info Boardl e
Pulse ok? 0]
[ Jon aAmpl  (.4135 "% pcwm | uLoG DCM | uLoG
TEEVRY Pulse settings intra-pulse
Quench| PZ16M .Quench PZ16M
AN AN AA A Delay 20 us dA/A 0.0000 % .
Phase _150.151
C A AT PN dP  [0.0000 deg Module 1 Module 2 Module 3 Module 4
illi TS50
Ratio a agg 0.45 ) Zég TEEOUEED Detuning| Detuning Detuning D ing|
TSI ann dA/A 1000007 % Ref Ref Ref Ref
Flattop 5
/Disabled §§g ea0 dp 0.0000 deg A[)CDeIay5| ADCDeIay5| ADC Delay5| ADC Delays
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What an operator should know

Procedures

Procedures for machine operation
— Dally operation
Description (link)
Switch off the EuXFEL accelerator
Femote access to BKR consoles
Join 11 and XTL
Load a reference trajectory to the orbit feedback
How to switch between the injector lasers of EuxFEL
Bunch Compression Setup Procedure
Setup longitudinal intra bunch-train feedback (L-1BFB) at LLRF station AS
Changing photon energy without a prepared file
Tuning 5trategy for EuXFEL

Lower the gradient 5P of RF stations

DESY. | XFEL operator training on LLRF | M. Diomede | 2025.02.05

Author
@ Winfried Decking

@ Matthias Scholz

@ Matthias Scholz

@ Bolko Beutner

@ Bjoern Lautenschlager
@ Matthias Scholz

@ Matthias Scholz

@ Julien Branlard

2182020 Lower gradient SP - LLRF Oy i - MSK praject toal

Wiki = Procedures »
Lower gradient SP

This procedure should be followed when gaoing from a high to a low gradient set point (i.e. lower by 100, 200 MV):
Establish feed forward operation

uncheck the following, in this oder:

+ Beam loading compensation
+ Learning FF

* Feedforward correction

* Feedback

Then lower gradient SP

e LLRF CONTROL A17.L3

onam W W um oo aw W m o

Amplitude adjustment

« let OVC compensate for the difference in loop gain
+ wait until the green and the black traces meet at 750 usec
+ if not converging, try adjusting OVC amplitude by hand
‘Output Vector Cammection
wef=sag -
roase 3768838 110
Rate Eiié am
] v uposea vutrsensa e
Obtain a flat flat top

+ Adjust the ratio until flat top is flat
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What an operator should know

Save S&R file

Switch to:

Open in new window
close details

Main Control Subsystems Module 1 JH] Module 2 [H] Module 3 [H] Module 4 JH]
PP Modulator. KIyTiming| _RFGate| cl|cz|c5|c4|c5|cs|cr|ca| c1|cz|c5|c4|c5|cs|cr|ca| c1|cz|c3|c4|c5|cs|cr|ca| c1|cz|c5|c4|c5|cs|cr|ca|
Voltage Master Slave Coupler - - |
‘ ggg * gg H] == . B 100.1 _.Sca/ Rot| 74.57 _ Sca/ Rot| 87.69 Sca | Rot 83.60 Sca | Rot |
max 680 Timing Timing | Cl.lckl\.ro 124 - 6
410.42 MV MPS MPS Tuner Script | CPIM . PVS |4—
rurareen Print |
AAAAN AA Rack Rack PSM XFEL
Phase — 14.12 [ KLM RPGtost ||
-22.45 deg watchdog [ll]  Watchdog [
Station on () FSMon _FSM 4104 N Ea\rl‘ty 1 2 3 4 5 B T B
status Cavity tuning status | 258
Cavity tuning stat .
av Status
FSM Amplitude SP | 400.00 MV RAW ena
o Module2 | 67 | 74 [ 124 ] 72 [ 68 | 78 | 76 [ 142 |z Toroid
Feedforward
. | wocuie s [ 30| e [N 0o | 152 [ vos [ 2+ ] v
[] Output vector correction
Piezo Autom.
= Module 4 150 | 104 | 62 | 136 | 104 [ 66 [ 144 [ 115 |Hz
[]Feedback . ‘ Reset ’\ Legend
O Feedtprward correction  _ 1 pertormance S— B Status Ena
[]Learning FF Start ‘II.IHIHH GUI => Signal flow
i i < Monitor tap
[] Beam loading compensation e
— o Feed Forward + Learning FF Feedback BLC = | = | = | = | e | = |
(] Amplitude [de ase Feed Forward On FB M. Enable
500 ?q;ﬁ_ v 1= M [ ovc | vs | ow | vm |meLs | cav |
] Correction tables Reset imi
aon 17.5 [l _Reset | ;ﬂpm fimiter croser8 7 W KM | Statistic| Limiter | PP |
T — 3 Enable
123 || P Enabie om ma . Amplerr 2604 aeter Siave
7.8 _42.00 Detail S P
300 3 5 Output Vector Correction Hodr Lk Board | Info Boardl e
3 PP ; Pulse ok? [
-2.53 [ Jon Ampi  p_2135 *'*° - DCM | uLoG DCM | uLoG
200+ 753 TUEERY 0000 Pulse settings intra-pulse
3 3 Quench| PZ16M Quench| PZ16M
-12.5 Phase :iga igi 15015 Delay 20 us dA/A 0.0000 % . .
100 17 59 VYRR IVRY s PO dP  [0.0000 deg Module 1 Module2 | Module3  Module 4
_22_5: Ratio a agg 0.456 ) Zég IO Detuning| Detuning Detuning; D ing
=3 TSI . dAJ/A 10.0000 % Ref Ref Ref Ref
o L U R N B B -27.5 T T T ) Flattop 5B8 es0  gp  lG60600 de
00 200 00 1000 1400 1[80? 0.0 400 800 1200 1[80? IDisabled ey 9 ADC Delays | ADC Delays| | ADC Delays| ADC Delays
LS Uz
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What an operator should know

Tuning cavities (2/2)
Some cavities should

NOT be tuned :
(greyed out) \j

v
v
v

Cavity

RF station:

Toggle
c1
c2
c3
c4

Cé
Cc7

c8

Module 1

Set det. for all enabled | 0

620.3 MV

Det[Hzl | Allte0 | DCVIV]

-3

e N B 2 & A 0N

detuning [HZz]

Piezo voltage

ERERERE

35

1.4

=125

0.5

0.0

1.5

4.0

1.0

ON Beam

Toggle in all modules

Toggle
¥ C1
o C2
v/ C3
¥ C4
+| C5
v/ C6
v C7

+| C8

Module 2

Det[Hz] | Alltoo | DCV[V]

-

Hou N & W N ©

o||o| o|l|le e ool

Det. treshold: |30 Hz [v| show

7.0
-1.5
-0.5
143
25
1.0
23

25

Click “Tune”

Tune

Max step: 100

Module 3 Module 4

Toggle |Det[Hz]| Allto0 |DCVIV] Toggle Det.[Hz]  Allto0 | DCV[V]
¥ Cl -4 0 0.0 ¥/ C1 = 0 2.0
s C2 -3 [+] -3.0 v C2 4] 0.5
v C3 -8 0 -0.5 v/ C3 3 0 -0.5
¥ C4 -4 [+] 0.0 V| C4 1 0 -2.0
¥ C5 -5 ¢} 2.0 v C5 o 4] 1.0
v C6 -6 [+] 1.5 v/ C6 0 0 1.0
v C7 2 0 0.5 v C7 0 0 1.0
v CB -0 ¢} -0.5 v C8 3 4] 0.0

det. [Hz]

(DC bias [V])

~
Piezo DC [V]

sample #

V1.2, M.Grecki, MSK, DESY, 2019

DESY.

Relax piezo DC voltage
Shows tuning [Hz] and
piezo DC bias [V]

- both should converge to 0

- “relax piezo DC voltage” is
enabled by default

Some error message
may pop up

You can choose to ignore
once or twice but if
problem persists, call
expert

Page 38



What an operator should know

Not directly LLRF but belongs to RF operation
Turn the station on/off

(When possible) RF trips involving LLRF, Modulator, Klystron and Coupler interlock & quench are automatically recovered

by FSM (no action needed!)
The FSM log can tell what is/was the problem

¥|RF On / Off

SCHlﬂr mﬂﬂe FSM  (use only in case of problems)

State Name

State Error Message ok
RF running

Set Table mode |
Voltage

oitage  §25.00 I

825 MV 8725 09 MY RF Startup A8.L3

STARTUP_STATE

RF Shutdown AB.L3

RF_FSM_Main_State.xml XFEL.RF/RF.STARTUP/AB.L3/ A - O X

FSMstatus History

TRIP_ONSTATE
AMPLTRIP_ONSTATE
COUPLERVAC_ONSTATE
COUPLER_ONSTATE
PERSINTL_ONSTATE

Prase Gy90- 54 I

20.53 deg
KLYMAIN_ONSTATE

_ KLYINTL1_ONSTATE
Station on (@ FSM on - ) KLYINTL2_ONSTATE

RF running KLYLOCK ONSTATE
KLY _ONSTATE

KLYCLOCK OMNSTATE

FSM Amplitude SP | 825.00 — MV KLYRED ONSTATE

KLYREDTIMER_ONSTATE
KLYYELLOW_ONSTATE
KLYHVPLCTIMER_ONSTATE
KLYHV_ONSTATE

llllllllllllll!

Disable States | Show Hide

Filter: A8

location log viewerxml XFEL.RF/RF.STARTUP/XFELMLL L3C3. SVR/XFELMLL

LOG VIEWER - XFEL.RF/RF.STARTUP/XFELML1_L3C3._SVR

A O X

| Location: [xFELRF | = |rF.sTARTUP

[« [xFELMLI_3C3_SVR [~ |

2024-11-11T11:58:41 [AB.L3] quench at station ‘M34.A8.3

2024-11-11711:58:41 [AB.L3] tripaction running for station: A8.L3

ering the amplitude

TRIP_ONSTATE with tripaction() called from remote (#remote)

2024-11-11711:58:41 [AB.L3] this trip triggered the DAQ-SNAP_ML from station AB.L3

2024-11-11T11:58:41 [AB.L3] reset all timer states

2024-11-11T11:58:41 [AB.L3] AB.L3/TRIP_ONSTATE tripaction() called from remote (#remote)
2024-11-11T11:58:41 [AB.L3] switch the FSM into FSM_GAVEUP state
2024-11-11T11:58:41 [AB.L3] FSM gave up, recover by hand, FSMoff/on

2024-11-11711:58:48 [AB.L3] AB.L3 leaving recover mode

2024-11-1171158:48 [AB.L3] FSM is switched off
2024-11-11T1158:48 [AB L3] FSM is switched off

2024-11-11T12:01:06 [AB.L3] reset all timer states

2024-11-11T12:01:06 [AB.L3] ok
2024-11-11T12:01:07 [AB.L3] FSM is switched off
2024-11-11T12:01:07 [A8. L3] FSM is switche

2024.11-11712:01.00 [AB.L3] reset all timer states

2024-11-11T12:01:00 [AB.L3] ok
2024-11-11712:13:16 [AB.L3] FSM is switched off
2024-11-11T12:13:16 [AS SM is switched off

2024-11-11T12:14:35 [AB.L3] reset all timer states

2024-11-11T12:14:35 [AB.L3] ok

2024-11-11721:0340 [AB.L3] remote error XFEL.RF/KLY.INTERLOCK/AB.L3/KLYS 145
2024-11-11721:0340 [A8.L3] EqFSMmain::interrupt_usr1() remote error

2024-11-11721:03:42 [AB.L3] ok

2024-11-11T23:38:02 [AB.L3] remote error XFEL.RF/KLY.INTERLOCK/AB.L3/KLYS 145
2024-11-11T23:38:02 [A8.L3] EqFSMmain::interrupt_usri() remote error

2024-11-11T23:38:04 [AB.L3] ok

2024-11-12T00:35:557 [AB.L3] remote error XFEL.RF/KLY.INTERLOCK/AB.L3/KLYS 145
2024-11-12700:3557 [AB.L3] EqFSMmain::interrupt_usri() remote error

2024-11-12T00:35:50 [AB.L3] ok

2024-11-12706:5724 [AB.L3] remote error XFEL.RF/KLY.INTERLOCK/A8.L3/KLYS 145
2024-11-12T06:57:24 [A8.L3] EqFSMmain::interrupt_usri() remote error

2024-11-12T06:57:26 [AB.L3] ok
(Log filter applied)

[

Send to xfellog
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What an operator should know

DESY

FSM ON

LL
LL
@)
=
N
L

Station ON Station OFF Station TRIPPED

Station ON Station OFF Station DOWN
FSM is ON FSM is ON FSM is ON

FSM is OFF

Station OFF Station ON
beam beam

\---_

Note 1:

Sometimes, the station is operational but the
color indicator on the main display shows
yellow/red instead of green

= Simply disable / re-enable FSM to force a
status refresh

Note 2:

The Status “FSM ON and station in service” is
still represented with a green circle but with a
label on top (L3 panel)

=» Unusable stations are now visible from the L3
panel, also the Energy Manager should give this
information
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What an operator should know

XFEL ENERGY MANAGER

XFEL_E

1 L1 L2 L2 Total L3 XFEL

Energy FT1: 123.5 570.5 1703.2 2403.9 13896.4 15926.1

2455.8 16408.0

set new phases: 20.538475:-21.905457 at FT: 1 zo24-11-11T17.03:17) Server Laog...

Ampl. Possible: 195.0 680.0 2196 15127
Ampl. Available: 195.0 680.0 2196 15127
Ampl. Active: 122.7 581.2 1745 13952
Ampl. OnCrest: 165.3 636.7 1999 14766
Ampl. available: 14766

L3 Energy Control
V Enable energy control

Total energy gain: 15926.6 MeV

seneny  §6398.6 M
Max. energy w/ all stations: 18198.0
Max. operational: 18198.0

Automatic Recovery From L3 Station Failure

| Enable automatic recavery

Rollback

Mave aff-beam

Execute Rollback

XLLRF_ovall_MD.xm]

XFEL LLRF Station overview

XFEL.RF/LLRF.CONTROLLER//

Injector L1 L2
preratenal GUN.IT om Gosratensl A1 am F"" Goerstonal AH1.11 = m Fl-n preratensl A2 L1 =m Fl—n gosratens) AZ. L2 = m Fl—u Gosratensl A4 L2 =im F"" Prerstanal A5 2 s m Fl—n
! NI 2 | Aot TR o || E—T— = |l (] m ceo ||| 700 | |Amo! T =0 | (Ao T -
Ky =) Ky cou wez  Tm mon cou mez m woo KLY Qua cou ez Tm MoD KLY GQuA cou MR TM MOD  KIY GuA Cou MRz T WoD  KiY Gua cou mez Tm
A FE AAD A FE ALl L8 B &AQ AA F AfA AL FE AA AA 3 &AA AA FF
Voltage sg eﬁ o= Vull::e vad .9y e Vull::e b i e o Vu“:ff vy -Gy e Vulla::e Gal-vb e Vull:ie ‘J ve-6v e Vull:ie 6y -Uv e
57.55 MVim = Eol 144.95 MV o F2p 19.12 MV - PP 630.79 MV 2 PP 631.57 MV = F2F 676.71 MV = F2F 673.02 MV s
AA rre AQR OO rRc WYY e AAD e AAD BB rre AAR Bp rRc YT e
Enas v@@@i e "““‘:‘:_ Yudd by we P""’:‘:‘ L BT e P““f‘ ER we "““‘:" tved .99 ue "““‘:‘:‘ Fved 99 we | |Phase §,50.99 i
-44.68 deg me 13.12 deg = 169.16 deg = 23.89 deg F2p 28.55 deg = 28.55 deg = 28.55 deg
oo uM s 210 aue s s e g0 gw aue um oz Em wo s aue M am s ser w0 g aue um s s 210 B8R aue um s Es no 8r aue o cromsr o ge
Main Linac
gemtenal AB.L3 a7 m F-... poemtonal A7.L3 s=m F-... gemmonn AB.L3 sim F-... Geemtona) A9 L3 ssm F-.... operztonal A10.L3 &3 m Fn—. gpertonal A11.L3 721 m F- epemtonal A12.L3 m2m F--
Ampl B55 | |Ampl ‘ I &80 Amp|| ‘ BES | (Ampl | | B40 | |Ampl | | BES5 | |Ampl | | EBES | |Ampl ‘ ‘ BES
WD KLY GUA cou MPE  TM wen KLY QA cou MPE  TM wen WY GuA cou MPD  TM WOD MY GUA cou MPE WM WOD KLY GUA coU MPE  TM WD KLY GUA cou MPE  TM wen KLY GUA cou MPE  TM
votage §00.00 2z ||vonase §88.00 =z, || vorsss §85.00 . ||vorsue 8§0.00 Ez ||vosse §65.00 =z [|votsse 868.00 Ez. ||veneue 688.00 2z
= Pz = Fex - Fe - Fle = Plez = Pz - Fex
me  G00.00MV 5o me  G64.96MV g o mr  665.03MV v me 64004 MV v e G65.03MV o mr GE5.05MV o me G65.05MV o
AN PR AAA PR / FrS AN FrS Ay FRE FRS / PR
Prase tuud-06 £ Phase toul-60 £ Phase vuid-39 I FRese ves-88 £ Prase #obd-9% £ P"“i Jves-84 oir Phase toig-38 o
rp  -J.06E- deg F2R 0.00 deg = 19.39 deg F2F -25.64 deg F2F 19.39 deg F2R -25.63 deg = 19.40 deg
aue UM A Es sie aue UM aTA EB e aue um sa E3 e ane uM A E8 ) aue um A Es sie aue UM A EB sie aue UM WA Es e
gooratonal A13.L3 =20m Fn... gperatonal AT4 L3 38 m Fn... coeratonal A15. L3 919 m Fn... Cosratonal A16.L3 % m Fn— Ovoredenal A7 .13 1015 m Fn—. goerdonal A18 . L3 1055 m Fn... gperatonal A19.L3 1113 m Fn...
Ampl | | E65 | |Ampl ‘ | B35 Ampll ‘ BOS | [Ampl | | B65 | |Ampl | . 725 | |Ampl | | E65 | |Ampl ‘ . 710
Moo Kiv GuA cou mes T woo kv GuA cou mes  Tm won  Ar GuA cou mes  Tm won Ay Gua cou mes M MoD Ky GuA cou mes T Moo Kiv GuA cou mes T woo kv GuA cou mes  Tm
voiage §69.00 Eio ||vorase §38.00 Ez. ||vorase §OG.00 Eo. ||vorsse §G.00 Hio ||vorase §65.00 S ||vowase §65.00 i ||vemese §65.00 E2.
ErR Pz ERR Az ErR e ERR Ao i Aoz ErR Y ERR Az
mr  G64.88MV & mr 63496MV & o mr GOS.04MV 1o mr GBAOTMV [ e mr G65.01MV e mr  G64.9BMV mr  G65.04MV [ o
AN AR AR LA AR LA AR
Phase h 25 e@ = ||Pnase ¢v39-33 2 Phase = 23 3@ i | |Phase ¢v$§-39 i ||Phase 'v35-33 1= ||Pnase @vig,sg = Phase o 25 3@ =
LS BlC BIC BLC . BLG Bl BlC
mF -25.64 deg = 19.40 deg =r  -25.64deg = 19.40 deg e -25.65deg = 19.39 deg mr -25.63deg
aue um ara Es e aue un oA Es ao aue um ma e ) ane um eta e o aue um A e e aue um ara Es e aue e A e e
Eperzienal A20.L3 15t m F._ ssrves A21,L3 1212 m  cwsen | gpemtonal A22 L3 20 m F-— Cperatenal A23.L3 138 m F-— perstanal A24.L3 om Fn— Berienal A25.L3 1 m F._
Ampl | ] 555 | [Ampt | J =45 | |Ampl | | 555 | |Ampl | ] 565 | [Ampl | ] 565 | [Ampl | = Meas. energy 14000 MeV
moo v Gua cou mez T woo kv cua cou wes  Tm woo kv Gua cou mes  Tm woo kv Gua cou mes  Tm moo iy Qua cou mer T woo kv Qua cou wes T
AAD A LLRF energy 13992 MeV
Voltage . = Voltage . = Voltage . e Voltage . e Voltage . = Voltage 555  SF =
e §88.00 5z ||votose 83000 Bz ||vorowe 666.00 gz [|vorere £66.00 Fz [|vesese 868.00 Fz ||vorone 656.5 gz
e G64.98MV e e 819.9BMV e me  G665.01MV e mr G64.95MV e e G64.94MV e mr  556.96MV e —— o
A AR an AR AR
prase 5099.98 BT |lonase 2099.08 £ |lonose 5099.39 BT |jonese 209888 B |loeese 5009.98 £
BLC BlC . BLE BLE Bl
or 1938 deg = m  19.38deg o 2564 deg mr 1940 deg Wergin 788 Mev
aue um ara En aa aue uM oA En e aue um s e 1) ane e aue um A e e somr

N

You can set the total RF energy -> It regulates the off-crest phases in L3

DESY
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What an operator should know

XFEL_EnergyControl.xml XFEL.RF/LINAC_ENERGY MANAGER/XFEL/ A _DOX
— Print
Eyepesn XFEL ENERGY MANAGER
XFEL

Energy gain per module Total energy gain
il L1 L2 L2 Total L3 XFEL 250 18000
Energy FT1: 1235 570.5 1703.2 2403.9 13896.4 15926.1 16000
2455.8 16408.0 2007 14000
set new phases: 20.538475:-21.905457 at FT: 1 zo24-11-11T17.03:17) Server Log... @ 12000
Ampl. Possible: 195.0 680.0 2196 15127 (NN
Ampl. Available:  195.0 680.0 2196 15127 100 000
Ampl. Active: 122.7 581.2 1745 13952
Ampl. OnCrest: 165.3 636.7 1999 14766 G000
Ampl. available: - |
p 14766 50 4000
L3 Energy Control Automatic Recovery From L3 Station Failure odo A SRR MR AR ANRO MR RORN, LALERY. 2000
V E— : Enable automatic recavery Settings P e ||| LLLLULDL DGR L L
-50 T T T T T -2000 T T T T T
Total energy gain: 15926.6 MeV Rollback to previous setting GUN.I1 M2.AG.L3 M2.411L3  M2.A16L3  M2.A2103 GUN.I1 M2.A6L3  M2.A11L3  M2A16L3  M2A21L3
@3395 5 . Move an-beam: [A11.L3 Show Beamline: | BR1 showsection: | Al | n [ w11 [ 12 | 13 |
Set energy” .
Moave aff-beam Switch RF Sections On/Off enable controls ] L3 Phase Scan
Max. energy w/ all stations:  18198.0 L1 Ac (74 [ rat (OILE StartScan | Detais.. | _Select Stations ¥ |
Execute Rollback o T
Max. operational: 18198.0 BG2 TI on-Crest scan idle (zo2410-20T15.27:33) ‘

ll{:::H::}’//V{..-}w_{..-I..-I..-

e e e e e e e e e e e e e e e ——

N

When enabled, if an RF trip is not recoverable within the defined timeout, the RF station is placed off-beam and the magnets
scaled (possible to roll back if the station is recovered)

DESY
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What an operator should know

by Beam Position Monitor
RF-station: | A5 with B2 d
2394.0 l
1
o Automatic Semi-Automatic Manual
jddd 12.7/13.7.85T5.1.2 branlard@mskpo8966 XFELMainTaskbarxml Start phase Stop phase Phase points s 2393.5 A
File View Hel a
lle iew elp 0.0 g
I e
o, .= 2 2393.0 1
Status Operations “ “ Procedures  Feedbacks Automation Start Stop Abort ?“
European 5
XFPE LYY 2 CIalTgE SCart UimBs oo .. =
ﬁ-[? T =
L safety W MPS Beam Dynamics aee . oryo | Controls Change scan direction finished. < 2392.5
Scan resumed ... =
Main Select LLRF S Seanning -
Scan finished.
Main Overview stations Menu IntelliPhase Server Status Commissioning Tools Maximum has been found at -0.84 deg. 2392.0 4
Set on-crest phase ... :
Gun Set On-Crest Phase Server Status & Control Maintenance Tools Set on-crest phase finished.
Update rf phase calibration ...
Al On-crest set (server) Reference Phases Hist. Beam-Based FB Tools Update rf phase calibration finished. : : : . . .
AH1.11 . - -6 -4 —2 0 2 4
FSM Server/Firmware Versions . B
A2.11 Print to e-Log setpojfl phase (deg)

FSMLogs ¥

LLRF Overview

Other

LLRF Energy Gain
Sum Voltage Control
Linac Energy Manager

Energy Histories

LLRF Control L2 ¥

LLRF Control L3 W
HPRF Control

Gun Modulator
Modulators
Waveguide Air Pressure

TDS Inj. Modulator

Couplers

Coupler
Mover
Motors: Tuner, Phase, QL

Interlock Expert

History Overviews

LLRF Subsystems

LLRF Help LLRF Performance

RF Stability Monitor

The phase at which the max energy is measured is

defined as on crest phase and corresponds to the “new”

0 phase setting in the LLRF controller

RF Amplitudes 1DS B2 Modulator Conditioning | /
KLM overview GUN Conditioning Main Control Subsys s
: ~Amn A mogfator [ KLy [l Ky Timing|  [SBEEMM[LY]_RF Gate |
System Overview Voltage 635.00 [§ nager Subardinate Coupler D
N A A Timing Timing aerire] Tuner
2 MV MPS MPS TunerScript |~ CPIM
AAAA AA Rack oK Rack oK. PSM
’ Phase - 1,20 MTCA [k MTCA [k RPC test
bl ¥ ~1.20 deg KM
watchdog [B]  watchdog 8]  DAviewer | LLRF details |
Operational .£|
Status = > -
Stationon @ FSMon _FSM [ Limiters/Synch || Cavitytuning | | |
RF running | DCM |[ cavityoL status | | |
L Wirtual Probe uad
FSM Amplitude SP | 63500 mv IR | | g |
DESY Feedforward
Output vectar carrection | |
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What an operator should know

DESY

XFEL ENERGY MANAGER

XFEL_EnergyControl.xm| XFEL.RF/LIMAC_ENERGY_MANAGER/XFEL/

1 L1 L2 L2 Total L3 XFEL

Energy FT1: 122.6 568.2 1695.2 2392.8 14000.0 16295.4

2424.2 16424.2

ok (2024-05-08T04:14:30) Server Log
Ampl. Possible: 195.0 680.0 2196 15102
Ampl. Available: 195.0 680.0 2196 15102
Ampl. Active: 121.8 5745 1721 14000
Ampl. OnCrest: 162.8 6304 1988 14917
Ampl. available: 14917

L3 Energy Control

|7 Enable energy control

Total energy gain: 16294.9 MeV
seenen §4308.0 M
Max. energy w/ all stations: 18173.0
Max. operational: 18173.0

Automatic Recovery From L3 Station Failure

j Enable automatic recovery

Settings I

No RF station is currently in the recavery pracess

.[E]_@/V{-H-I-I-}v—@[-}[-l-l-}{-I-I-]{-][- —

A _ O X
Print
Energy gain per module Total energy gain
0 18000
16000
200 14000-|
12000~
150
10000
100 8000
6000
507 4000
ol / 2000
oo oo oeennt LR ELEN DR LR RN AN PR AT ALLARRREL AN,
0 >000
- T T T T I B T T T J T
GUM.I MZAGL3  MZAILL3  M2AM6L3  M2A21L3 GUNI MZA613  MZAT1L3  MZAI6L3  M2A2113
Show Beamline: | BR1 ShowsSection: | Ml | 11 | 11 | 12 | 13
Switch RF Sections On/Off enable contrals ] LS Phase Scan
1 [V] L1 Acc VL2 rator  [V/] L3 Accelerat Idle Startscan | Details

i e

M

Iun—Crest scan idle (2024-05.01700-19-23)

|
| _select stations ¥ I
i
|

/

For L3 this can also be done “parasitically” with the
Energy Manager L3 Phase Scan (slow) -> fine tuning
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What an operator should know

2 RF energy configurations are actually foreseen:

 Reduced-Energy (beam energies up to 14.0 GeV) -> VS SP 665 MV almost everywhere
« High-Energy (beam energy of 16.3 GeV) -> Max achievable voltage

The purpose of the Reduced-Energy mode is to
* reduce power consumption (lower modulator HV)
* lower the radiation level in the tunnel (e.g. less MTCA issues)

The Maximum SPs are embedded in the LLRF server and they are updated at every change of configuration according to
these tables: https://xwiki.desy.de/xwiki/short/b083a

XLLRF_RFstation_main.xml XFEL.RF/LLRF.CONTROLLER/A6.L3/ A - O X

Main Control Subsystems

AAAAA moduiztor [l <Ly LKl Timing
ge 635.00 Manager Subordinate
vvvvv
835 Timing Timing Froe]
535.02 MV MPS MPS Tuner Script
AAAAAA Rack Rack
Phase - 1.20 MTCA MTCA RPC test
W W

120 deg _xam [N
B watchdog [8]  watchdog 8] _pAQViewer | LLRF detalls |

Status

Plsatonon @ FsMon _FSM __
T R —
FSM Amplitude SP | 635.00 mv [ |t

Feedforward
Output vector correction
[vl Pieza Autam |

Reset | |
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What an operator should know

How to deal with failing RF stations

DESY.

How to deal with failing RF stations: https://xwiki.desy.de/xwiki/short/a43al

1 Preparation

1. Wait for the Finite 5tate Machine (F5M) to recover the RF station or try it by hand in case the F5M fails. If both
attempts did not work out, continue with this procedure.
2. Inform the respective experts of the failed (sub) system and ask them to start fixing the problem. Please
request also an update on the progress of the repair within one hour at the latest.
« LLRF problems — LLRF expert on call (also LLRF mailing-list)
Quadrupole & # Modulator problems — MPC shift crew  (in BKR)
* Coupler problems — MS5L expert on call
 Klystron problems — MHFp expert on call (also 1.3 GHz mailing-list)
* HPRF problems at AH1 — MIN expert on call

Recognize the root cause

Have a generic RF mailing-list?

Non-LLKF systems

Modulatorl Bl KLy B Kiy Timing| [GU@drupolE] coupler [

If you are not sure, please inform all the possible groups (not only LLRF!)
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What an operator should know

LLRF on-call service

 LLRF on-call 5588

* 9 experts, 1 available 24/7 every week

= 5
: /‘o"
]

Ye,

Cﬁé@tlan '\
 |Irf-expert@desy.de

Patricb- V[

« Send log book entry to LLRF expert list

« Write your name / initials

« Edit the title and description .

| Wiki markup help | Save entry |
|

File upload Mail to expert

 Usethe Tag fields (at least Location) Choose image file

Topic: Experts:
LLRF * || LLRF Mailing List (Irf-expert@desy.de) ¥ |
{press button or drag & drop file on button to upload a file)
LLLRF Mailing List clear
Choose File |No file chosen Free recipient: add
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3. Exceptional cases and how to react

* Probe limiter — pulse cut
« KLM limiter — pulse cut
* Output/feedback limiter
« Cavity quenches

« Zombie station

« Lost PCle connection
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Exceptional cases and how to react

Save S&R file
Switch to:

Main Control

AAA AN

620.8¢0 m

619.95 MV

Voltage
mar 755 MV

PP AN

phase + 21.78 [

W W

21.79 deg

Stationon @ FSMon _FSM

RF running

FSM Amplitude SP 620.005 My

Feedforward

Output vectar carrection
Piezo Autom.

Feedback

Feedfgrward correction @
Learning FF

Beam loading compensation

Subsystems
Modulator [l _Kly Timing |
Master Slave Coupler
Timing Timing | aucrmire| Tuner |
MPS MPS Tuner Script CPIM
Rack Rack PSM
KLM RPC test
Watchdog . Watchdog .
LLRF details
T E—
Limiters/Synch ok | = = || |
avity us Slope:
RAW ena
- -
| Reset |
Performance

European

XFEL

LLRF CONTROL A8.L3

Main Control Subsystems
~n A Modulator [l] Ky Timing |
Voltage 620.00 Master Slave Coupler
WY WYV
max 755 MV Timing Timing _ |
619.95 MV MPS MPS Tuner Script CPIM
AAAPA AR Rack Rack PSM
Phase + 271.78 KLM RPC test
W W —
21.79 deg watchdog 8] _Watchdog [
LLRF details
Stationon (@ FSMon _FSM
- S E—
RF running
LimitersiSynch ok | = = | |
a\nly us S
FSM Amplitude SP SZU.UUE My RAW ena

o T]
Limiter indicator is red

Feedforward
Output vector carrection
Pieza Autom

Feedback |

Reset |

v| Feedforward correction

) Rst
Learning FF
Beam loading compensation

Performance

[%\g Amplitude [cjgen% Phase
600 ~
70.0
500 600
400+ .
300 i \ 40.0
] RF pulse is .0
20,0 =i
100 shorter 10.0- ,1\
o ' ' ' ' 0 L IS N U AR

T T T T
0.0 200 &00 1000 1400 1800 0.0 1800
[us] [us]

My Amplitude de Phase
[?DEJ [Qﬂg.b
00
70.0
200 B0.0+
400_ SDD_
300+ 40.04
o 30.0
20.0
100 i \
10.0
D | T | T | T | T D T | T | T | T T
0.0 200 600 1000 1400 1800 0.0 400 a00 1200 1800 |
[s] [us] ‘
DESY

Note:

* Pulse cuts are
displayed on the
main panel

(limiter / KLM)

The beam is cut if
the RF pulse is
cut

3. Lower the gradient

If possible
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Exceptional cases and how to react

Pulse cuts due to gradient limiters

| m= XLLRF_RFstation_mainxml XFEL.RF/LLRF.CONTROLLER/AS.L3/@xfeluser?

LLRF CONTROL A8.L3

Main Control Subsystems
o n Modulztor [l] _Kiy Timing |
Voltage £20.00 m Master Slave
max 755 MY Timing Timing |
619.95 MV MPS MPS Tuner Script
AAAA AR Rack Rack
Phase + 21.78 [ KLM
WW WY W
21.79 deg watchdog [[B] _watchdog 8]
Stationon @ FSMon _FSM
i Status
RF running

Limiters/Synch o

| cavityaL status ||

| FSM Amplitude SP 620.005 MV| RAW ena

PLT

Feedforward
Output vector correction
Piezo Autom.

Feedback |

[v] Feedforward correction Rst| Performance

Learning FF
Beam loading compensation

[%4[}6] Amplitude [dgeu% Phase

00

700
2 60,0
400 0.0

1 /RF pulse ERE B

BE XLLRF limiter_overviewxml XFELRF/LLRF.CONTROLLER/AG.L3/

Limit
Probe

Forw

Refl
/ Forw Init

Forw Init

Refl Init

Probe
Forw
Refl
Probe Init
Forw Init

Refl Init

Module 1

Cav1 Cav2 Cav3 Cav4 Cav5 Cav6 Cav7 Cavl

VM Loop  Controller

crre [
out [
g ~OEE

BP Interlock
Algo Inhibit

Forw Limiters
Probe Limit

200
20.0+ —
100 shorter
10.0
D | T | T | T | T D T | T | | T T
0.0 200 w00 1000 1400 1[80? 0.0 400 oo 1200
s

Check if a specific cavity is the
reason for the cut

Module 2

Cav1 Cav2 Cav3 Cav4 Cav5 Cav6 Cav7 Cav8 Mod Ref

Legend

Limit
OK
PreLim
Disabled

Probe init Limit
Forw init Limit
Master FB Link
Slave FB Link
Synch
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Exceptional cases and how to react

Main Control

AP AA

620.00 [

VWY VWV

619.95 MV

Voltage
mar 755 MV

AP PP

phase 4 21.78 [I

W W W
21.79 deg

Stationon @ FSMon _FSM

RF running

| FSM Amplitude SP 620.005 M\-"|

Feedforward
Output vector correction

Subsystems

Modulator [

Kly Timing |

Master
Timing

Slave
Timing |

MPS

Tuner Script

Lighters/Synch ok

RAW ena

PLT

Rack

watchdog [[8]]

RPC test

1 m main.sm RE/ | BE

- [m] X

LLRF details

| cavity L status | | pes active |

Protection | AttDelays | Misc

SIS

| Global Enable GBI |

ena protection func Log

Reflection 1

Reflection 2

Reflection IN

Forward Brk.

Vacuum

High voltage prot

Saturation

No output

No input

Light P

Light N

Status

INTERLOCK (ERR ACT) [

Pieza Autom.
Feedback
Feedfarward carl
Learning FF
Beam loading co

If all cavity limiters are green, the cut probably
comes from the Klystron Lifetime Management
(KLM) system.

0 ] Reflection 1

0 ] Reflection 2

s [l] Refiection N

0 . Forward Brk.

0 . Vacuum

0 . High voltage prot
. Saturation
B out signal level
. No input

o [l vightp

Ol vightn

reset cnt Error History

Measurement
Calibration

Field detection Plots
Full Sampling Plots
Protection Signals Plot

DAQO parameters

update on error only

[ Enabled |
DAQ Divider
e
DAG freq: 9.03 MHz
110.77
DAQ offset [us]
[ o

DAQ length[samples]

160005

Reflected 1 | Reflected2 | Reflected IN | Forward | PulseDet | Model | Vacuum | Light |

Protection level = F1 * Fscale + Offset + HPF{Fin)*s

3} Bana. giob.

Forward IN

Fscale Offset

Forward arm 1

Wait after R error:

[=] us
90000

Pulse Detected B

Enable E
R Error
Reflected arm 1
Enable
20000
[ MAIN A5 L3/FROT.R1 Res=1416
18000 — WUAIN A5 L2 FROT.R1.F THR Res= 116 . I
[= sl AR L3/ERROR.R1 Res=1/15
16000 :
14000
12000 N
10000
8000 J
6000
\
4000
2000
0 t T T T T T T T T T
-100.0 1l]l].l] 30]].0 SDI].IJ ?DJJ.I] QDJJ.IJ 1 1IL.IIJ 13IL.IIJ 15IL.IIJ

1800
1]

) Amiue | [N @any case,
600+
%007 1. Document in log book and send to LLRF
400
300 RF . . .
200- h 2. Lower the gradient if possible
100 S TCCT 1004
o A W || T .D LI ¢ |\'|\ T
0.0 200 600 1000 1400 1[%05? 0.0 400 800 1200 1[BUDS? I
DESY
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Exceptional cases and how to react

Output limiter

W2 Enable

AN AN

w39

Puiseok? [l

Learning FF
Beam loading compensation

_re fe—o
N

18 V| = CTRL.A19.L3/COUT_AMPL.HW; Buf=1979140092 Res=1[49
. . . - 7
Limiter is red (but no cut)
80
5% ¥|LRF_RFstation_main.xml| XFEL.RF/LLRF.CONTROLLER/AS.L3/@xfeluser? 70
%
ANOpeaA N NN WS W S N R S WS W WS S O S S S S SN N S e S e e
il LLRF CONTROL A8.L3 e e
“
Main Control Subsystems Module 1 [H] Module 2 H] Module 3 i 30 /“""——'
AT O Modulator. KIyTimingl _RFGatel cllczlcalcalcslcalcvlcnl c1|c:|c3|ca|c5|ca|c7|cn| c1|c:|c3|ca|c5|ca|c7|m 20
m:"?'::fn: 629.00 H Tifr::g Tsi'r;‘;z W:::J 169.1 ] Scal Rot] 137.8 :L:IM 157.4 e |
24.08 PVS 28.23 PVS 20.76 0
TEamlLY MPS MPS Tuner Script | CPIM evs I 0 200 400 600 800 1000 1200 1400 1600 1800
AAAS AR Rack Rack PSM 0
phase + 21 .78 [ KLM RPC test
WY W —
21.78 deg watchdag [B)] _Watchdog [ O
Stationon @ FSMon _FSM 619.9 MV ﬁl“:
_ Status =
RF running _ HAREE Beam bated Fasdbach
Limiters/Synch ok | Cavity QL Status | | FE— | v
| FSM Amplitude SP | 620.00] MV| RAW:;: T o e I Wh at to do
sp | .
Feedforward =
[v] Output vector correction —— : —_ EE: : £ 1- DOCU ment In |Og
Piezo Autom. =
) Peeo Auto | e | o8 2 book and send to
[v] Feedforward correction EI Peoinance - |4_ LLRF

If this output limiter is red:

Try open/close loop

[%\g Amplitude [dgengb Phase

500+ h . .

500- \ [ 1. SP is too high

4001 50.0 or

. ol 2. LLRF drive parameters need

- 2007 to be rechecked
o T T T T T T T T mg T T T 1 T T 'I T ! e
0.0 200 600 1000 1400 1[BUDS? 0.0 400 g00 1200 1[%05? /Disabled

:j‘;“; . | se [ m | e[ Lower the gradient
— if possibl
IS Ty = KLM |REFn-oPT|statistic| Limiter | OSS e
. Enable
AAAAA Ampl err 0.007 Master Slave
v§2§§ Phase err 0.002 Board | Info —
Pul k?
I . = : DCM | uLOG uL0G
ings intra-pulse
20 u: dampn.oooo " .Quench PZ16M PZ16M
A~ dP [0.0000 deg Module 1 Module 2 Module 3 Module 4
Filling Z&g 750 pulse to pulse n, = Ql n, = Ql o, = Ql o, = Ql
! o dA/A  0.0000 % Ref I Ref I Ref I Ref I
— ggg 0 ap 0.0000 deg ADC Delaysl ADC Delaysl ADC Delaysl ADC Delaysl
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Exceptional cases and how to react

h‘ltps dedd-xflldesyde{jdddfoEL.-‘LLRFfSC modules/XLLRF_RFstation_main.xm| XFEL.RF/LLRF.CONTROLLER/A5.L2/

LLRF CONTROL A5

08.07.02-03

Open in new window
close details

https://jddd-xfel.desy.de/jddd/XFEL/LLRF/SC_modules/XLLRF_quench_detect M34.xml XFEL.RF/LLRF.QUENCHDETECT/A3.L2/

Scalar mode Set Table mode
A AN
Voltage . m
ma. Volt g gg
746 0.09 MV
PAAAN AN
Phase 4897 [I
0.00 deg
sorvce H =

[v] Stationon @ FSMon _FSM

Non-LLRF systems

Modulator . KLY.K\yTim\ng _ Coupler .

Module 1

Module 2

c1|cz|c3|c4|c5|c6|c?|cs| c1|cz‘ci

cl|c2|c3|c4‘c5|c6|c?‘cs|
T

Subsystems

Manager Subordinate RF Gate
T\mmg T|m|ng Motors
Rack Rack

MT CA MTCA RPC test

Watchdog . Watchdog [1]  DAQViewer |

LLRF details |

serredstermeneee Gt Status [ timiters /Synch ][ Cavity tuning_]
EEEREERRARER [crvm ot | s
e —edTorward [ Piezo ][ vimualProbe |
[] Output vector correction _ _
[] Piezo Autom.
[] Feedback
[] Feedforward correction | _Reset | |
[l Learning FF Rst Performance

Beam loading compensation

Amplitude

680

660

640+

620+

600+

580

deg] Phase
i

Note:

Place the quench
panel instead of the

T T T T
600 800 1000 1200 1400

DESY

T
1600

main panel in the log
book (more information)

0.05 MV
0.00 deg

0.05
0.00 deg

ca [ Rot 0.05

0.00 deg

_rvs |

History Quench section is ok ’W
C1M3.A3.L2 C2M3.A3L2 C3M3.A3.L2 C4.M3.A3.L2 C1.mM4.A3.L2 C2Ma.A3.L2 C3.M4.A3.L2 C4Ma.A3.L2
aQl  460E6 al 461E6 al 4.55E6 Ql 4.58E6 Ql 461E6 Ql  462E6 Q  461E6 Ql  4.60E6
Sigma 9.42E3 | Sigma 6.27E3 | Sigma 8.13E3 | Sigma 4.73E3 Sigma 575E3 | Sigma 7.64E3 | Sigma 4.B0E3 | Sigma 9.47E3
Quench [IN]| Quench [INN| Quench [INNN| Quench [IN( Quench [N Quench [INNN| Quench [N Quench [
Settings | Settings | Settings | Settings | Settings | Settings | Settings | Settings |
C5.M3.A3.L2 C6.M3.A3L2 C7.M3.A3.L2 C8.M3.A3L2 C5.M4.A3.L2 C6.M4.A3.L2 C7.M4.A3.L2 C8.M4.A3.L2
| Ql 4.57E6 Ql  4.55E6 Ql  451E6 Ql  4.57E6 Ql  459E6 Ql  4.56E6 Ql  453E6 Ql  4.55E6
| Sigma 74TE3 | Sigma B.34E3 | Sigma 44TE3 | Sigma 5.94E3 Sigma 7.65E3 | Sigma 7.16E3 | Sigma 1.02E4 | Sigma 1.35ES
Quench [I0W| Quench [N Quench [INNN| Quench [N\ CQuench [INNN]| Quench [INN| Quench [N\ Quench NN
Settings | Settings | Settings | Settings | Settings. | Settings | Settings | Settings |

a.u] Q loaded
5.000e+06

13h 17 h 22h
24.2.2020 24.2.2020 24.2.2020

" =t MMM Y

a.u]

|EXTH]

10000
8000
6000
4000
2000

13h
24.2.2020

=* Signal flow

Feedback

[ |8 2w

BLC

7 enavie

Close FB 7 [

Feed Forward + Learning FF
’_ Feed Forward On

W S S Yo |

Amplerr 0.0000
Phase err 0.0000

pulse to pulse
dAJA Yo
dP 0.0000 deg
control error

dA/A (488253 1%
dP 2800706 deg

SP if needed

| Vs ‘Dul L‘a\l|

Subordinate
oard | Info
D LOGM DCM | LOGM
Quencl| PZ16m .Quench PZ16M
MOTET  Module 2 Module 3 Module 4
Dotuning|  Detuning| | Detuning|  Detuning|
Ref | Ref | Ref | Ref |
ADC De\ay|| ADC De\ay|| ADC De\ay|| ADC Delaya|

5.0008+06

Q loaded

9h 13h 2Zh
24.2.2020 24.2.2020 24.2.2020

Sigma
Mhy '
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Exceptional cases and how to react

Repetitive quenches

 Problem description:

« The FSM tries to recover a station after a quench, ramps up to the same
gradient and quenches again

» After 3 tries, the FSM gives up
« What you can try
* Lower the recovery gradient in the FSM window (-10 MV ?)

Quench during ramp up

 Problem description

» (After a quench) the RF station trips due to quenches taking place at a
much lower gradient

« Chances are the Q_ computation got corrupted during the quench, hence
corrupting the quench detection mechanism

« What you can try

» Disable the FSM, ramp up the station slowly (i.e. 10 MV steps) by hand,
and re-enable the FSM

DESY

@ Hist:XFEL.RF/LLRF.CONTROLLER/V5.A11.L3/AMPL.SAMPLE | &2 [5] >4

mv] VS.A11.L3/AMPL.SAMPLE
900

5:58.49 5:50.40 6:00.49 6:01.49 6:03.09
7.10.2019 7.10.2019 7.10.2019 7.10.2019 7.10.2019

-1 histlxml XFELRF/LLRF.CONTROLLER/CTRL.AG.L3/SP.AMPLHIST

-100

14:10 1414 14:18 14:22 14:26 1430
1.11.2019 1.11.2019 1.11.2019 1.11.2019 1.11.2019 1.11.2019
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Exceptional case and how to react

8 XLLRF_RFstation_mainxml XFEL.RF/LLRF.CONTROLLER/AZSP.L1/ — O

save SgRfile]  print |

e o =W iiCir] server s

LLRF CONTROL A2SP.L1 . not responsive
Main Control Subsystems Module 1 [H]

Modulator [ird _Kly Timing | EGEE ®r cate ct|cz|cs|cofcs|ce|or|ca
:

Voltage mlm Master Slave Coupler 002

o [ Timing Timing_ | Ouciried Tuner 5T ps|

unavailabl.. PS MPS I Tuner Script [ CPIM
Rack Rack PSM
Phase Wﬂ KM bn RPC test
|unavailable | watchdog [lll _watcndog [1]
LLRF details _ScalRot |

FSMon FSM 183V o]

Status
ilereiSmeh ok [ Cavitytuming=Tatus | [ 0.0 0.0 0 Server ung -176.deg _
Imitersiaynch o Y
FELRFIRF.STARTUP/A2SP.L1/RFMAI s % | Cavity QL status | p'0.00.00 Server ung "—1—

Module 2 [H] Module 3 [H] Module 4 [H]

olalelals|ala]al Chances are the

v ] T o q .
sca ot Sea. o sea e hardware is still workin
¥ oY LY W :

BUT

Likely the quench

rotocol or address not supported!!! ; Quad ERR |4—] Toroid H -
par — L detection is no longer
O geitedftt)rwa:d . h 4 FFOI 0 E .
[] Output vector correction - E LFF O o WOI’kIng
MmO BLc O =

[ Feedback I | 'il I cour| Kystron T

[[] Feedforward correction — m}

[] Learning FF B s = . - > 2 ove 18 - i::: ﬂE;:u

[_| Beam loading compensation At

x| PlotiPanel
Feed Forward + Learning FF Feedback BLC P | sp | B | LFF | BLC | REF |
" Amplitude || FeeaForwara on [ s §Zm.. [ |enave ove | e | out | ™ | waLS | c |
u av

2504 D Correction tables  Reset Output limiter closera? [l KLM | statistic| T | pip |
300 || e Enabie Ml oatie Amplerr _ 43.895

Slave

Board Info

250 MANAG ER (and / Or) Output Vector Correction
. SUBORDINATE “zombied” [Jon amo §.5550 278

OCM | ulLOG

SUBORDINATE “zombied”

1504 a-pulse
.. ohace J\Aé @éa b0 Delay 20 us  ONA OSSN Prot Quench| Pz16M| 7ol Quench| PZ16M coordinator when
o 0.00 A AA dp 531254 deg Module1 Module2 | Module3 Module 4
5009 : Ratio 6366 0.500 Filing zég 70 pulseto pulse D | D 0 | D | best to recover the
——————————————  -E—————————————— Flatiop 86 so0 e Ref | _ Ref | Ref | _ Ref | .
0.0 200 600 1000 1400 1800 0a 400 800 1200 1800 /Disabled due to controller status 8290 dP [0.0000 deg ADC Delays| ADC Detays| | ADC Delays| ADC Detays| station

DESY Page 55



Exceptional case and how to react

PCle connection is lost

Save S&Rfile | Switchto: ll  Print |

LLRF CONTROL A22.L3 | COMEY  cessorss

Non-LLRF systems

Scalar mode Set Table model
Modulator B KLY EH Kiy Timing| [GUSdrupole] Coupler [
o MQB vvg . ga Subsystems
500 1y 0.44 MV Manager Subordinate
Timing Timing
T YT MPS MPS
Phase tvgg - 35 H] Rack  Jie Rack
149.74 deg MTCA MTCA RPC test
W Hs| v W
Sttonon @ Fsmon _FSM| Watchdog [5]  Watchdog [1] _DAQViewer |  LLRF details |
’ statue [ timiters /Synch ][ Cavity tuning ]
| FSM Amplitude SP | 800.00 v EEEEREE o] [ cavityaustatus || siopecacive |
[] Feedforward
[l Output vector correction T =
[] Piezo Autom. 45593262
[] Feedback
[] Feedforward correction Cannot open device: /dev/pcieunis11: No such file or directory Reset |
[]Learning FF  Rst Performance
Beam loading compensation
[MV] Amplitude deg] Phase
08 568
0.4+
150
0.3
100+
0.2
50+
0.1
0 T T T 0 I \
0 500 1000 1500 2000 0 500 1000 1500 2000
[us] [us]

LLRF ready

Trigger

¥2Timer

AMC control
Board error
Board clock

Rescan bus

Refer. phases

Controller

Table mode

MIS client
communication

m Print

Manager [1]

R2 R1 F2 F1 P2 P1
4| 7|8/ 9/|10/11|12]

ENEEEEE
HEEEEE

Rescan PCle bus |

R4 R3 F4 F3 P4 P3
4| 7|8 9|10/11]12|

Rescan PCle bus |

[ — | [ —— |

DESY. | XFEL operator training on LLRF | M. Diomede | 2025.02.05

Main Status panel

PCle connection with
the board is lost

If it iInvolves boards 4,
11 and 12, the station
cannot operate

BUT

In the other cases, the

station might work till fix

book and send to
LLRF

2. Agree with LLRF
on-call and run
coordinators when
best to recover the
station
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Su mmary
LLRF tasks of the XFEL operator:

 Turn an RF station ON / OFF

* Adjust the vector-sum voltage / phase B —
. . PP, Modulator r‘ Kly Timing |RF Gate Off Beam -
* Tune cavities, If necessary voitage 200.00 [H :!_as_ter . _ﬁla?e | creer CToupler
Iming Iming LIC une uner
. . . . 242.30 MV
« Adjust output vector correction and ratio, if necessary 560 -y =3 ‘=
Phase - RPC test
. A A A Watchdo r‘ Watchdo r‘ _—
« Set a certain phase as on-crest phase .07 deg : :
O FSM ON RF On/Of  FSM Limilers.fSynchok. LLRF details
i SpeC|a| cases large amplitude or phase errar 1st Modul 2nd Modul 3rd Modul 4th Modul
Feed-Forward s |%‘ P;:’:e |%| e |%

b P u I Se C Ut [] Output vector correction

Cc3
Feedback c4

%I

c4

%‘

C4

%‘

« Limiter notification I Tontsormricometn. S| o
["] Beam loading compensation cr iﬂws Ei iﬂws i
* Quench = =
. . . Amplitude 180, Phase
« Zombie stations o5 o
. 200 100,
 Opportunity for hands-on: o)
20,
125+ E
« LLRF maintenance ~every Tuesday . e
« off-beam stations -> ask LLRF team (& RCs) . 0
- GI]. 2ﬂll] 4HIl] ﬁﬂll] BHII] I 1zhu I I 1800 190 0. ZHII] I ﬁﬂll] I 1I]hl] I 14hI] I 1800
« Document (elog) what you find not normal us] 0

 Please include your name, title and description! Thanks to Julien for the material
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Thank you

Contact
DESY. Deutsches Marco Diomede
Elektronen-Synchrotron MSK

marco.diomede@desy.de
www.desy.de 1615
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