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e LLRF Systems at FLASH

e« Commissioning of FLASH
 Machine Studies at FLASH
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« FP6 and FP7 Programs
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—] Topics —

 Master Oscillator and Distribution
e Downconverters

» Digital Feedback Hardware

e Field Controller

e Plezo Control

 RF Gun Control without Probe
 Beam loading compensation

e Dosimetry and Radiation Immunity
e ATCA based LLRF Control
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— Collaboration —
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also worldwide participation by
FNAL, KEK, IHEP, ORNL, JLAB ...
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LLRF Collaboration at Work (24.9.07 early morning)
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LLRF at FLASH
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FLASH Progress Report SRF2007 Workshop, October 15™ 2007

FLASH - the machine (in autumn 2007)

5MeV 127 MeV 470 MeV 1 GeV
3.3mm ~250 um spike: 10 um 6.5 nm
65 A 2 kA
photon
beam-line
H }{ S
O rf gun laser O vertical deflecting rf @ bending magnet @ beam dump 4 toroid monitor
O rf gun v 3 GHz klystron ik a collimator
acceleratin PR ~ electron beam
Omodule 9V 1.3 GHz Klystron i bt diagnostics
D undulator g%%[ggs?i%gm
e initial bunch length restricted by e off crest acceleration in ACC1
collective effects and ACC2/3

e two stage bunch compression e requires good rf field stability

presented at SRF 2007 by E. Vogel, October 15™ 2007



FLASH Progress Report SRF2007 Workshop, October 15™ 2007

FLASH time structure

High gradients and moderate cooling demand (cryogenic load) by using pulsed rf:

lus - 2bus

800 us (1 MHz - 40 kHz)
e T

photon
beam-line
K e

presented at SRF 2007 by E. Vogel, October 15™ 2007
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System Architecture Detalls
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— Infrastructure (Cabling. Racks. Crates) —

ACC2, ACC3, ACCE & ACCS
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— Hardware (Downconverter) —
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—] Hardware (SIMCON DSP) —
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The European XFE L
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Performance (Field Regulation)
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Master Oscillator and Distribution
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Test setup in laboaratory

Left rack: RF crates for generating,
amplifying and splitting the MO signals

Right: bottom 19"

linear regulated power supplies,

Above: battery backed up PS for LPP

On top: 3 crates with microcontrolers
Collecting supervision signals from crates,
transmitting them via Ethernet

to the DOOCS control system




NEW MASTER OSCILLATOR SYSTEM
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Delta Gain (dB), Phase (deg) time (ps)

Drift tests

1.3 GHz PLL’s driven from the same source, but on different temperatures

Drift Test PLL2 vs PLL4
PLL2is on high temperature
27.02. 2007
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Drift of a 1.3 GHz HPA

1,3GHz, P;,=-20dBm

Drift of a 1.3 GHz HPA ©@f
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Cable drifts In accelerator

,cable 6" to hall 3 extension, open ended, about 100 m long 7/8"" cellflex cable

DDDDD

555555

Date:



The good, bad and ugly in assembly and cabling




Commissioning of FLASH
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FLASH

Free-Electron Laser
in Hamburg

FLASH Seminar 16.10.2007

FLASH shutdown and
commissioning 2007

Katja Honkavaara
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FLASH

Design goals reached

Free-Electron Laser
in Hamburg
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D ESY 21. September 2007
TELEGRAMM

Design-Strahlenergie flir FLASH erreicht!
Elektronenstrahl mit 6 Modulen erstmals auf 1 GeV beschleunigt

FLASH Reaches Design Beam Energy!
Electron beam accelerated to 1 GeV with 6 moduleg for the firet time

Der Durchbruch passierte
wieder in einer Nacht-
schicht, genauer am
21.9.2007, um 0:57 Uhr.
Cheses Mal ging ez um
das Erreichen der geplan-
ten maximalen Strahlen-
ergie. _Ziel: Betriecb mit
héichster Energie — Ergeb-
nis: 1 GeV Energie !
Gemessenes Spektrum
der spontanen Emission:
~ 8,3 nm", so der Eintrag

Das Team im Kontrollraum

beobachtete im Wellen-

l&ngenspektrum der im FLASH-Undulator
spontan erzeugten Strahlung zum ersten Mal
eine Uberhéhung im Bereich von 6 Mano-
metern. Damit ist der Nachweis erbracht,
dass alle sechs Beschleunigermoedule - eins
wurde in der vergangenen Wartungspause
neu ingtalliert, ein zweites ausgstauscht —
funktionieren und die Elektronenpakete wie ge-
plant auf eine Energie von 1 Giga-Elektronen-

‘Wahrend der letrten Wartungspause: Einbau des
- - Eeschlsunigermaduls Mr. 6 In den FLAZH-Tunnel. N
im elektronischen Logbuch. During the last shutdown: nstabation of accelerator electronic FDQDDOK
madule no. & in the FLASH tunnel

As usual, the breakthrough
was achieved during a
night shift, to be precise:
on September 21 at 0:57
a.m. Thig time, the aim
was to reach the planneg
maximum beam energy.
“Goal: Opsration to maxi-
8 mum energy—Achieve-
ments: 1 GeV!! Spectrum
of spontaneous emission
measured: ~ 6.3 nm,”
reads the entry in the

For the first time, the team

in the control room ob-
served a peak around 6 nanometers in the
wavelength spectrum of the spontaneous
radiation generated in the FLASH undulator.
This is the proof that all six accelerator mod-
ules —one of which was newly installed dur-
ing the previous shutdown, a second ong
replaced—are working as planned and accel-
erating the electron bunches to an energy of
1 gigaelectronvolt (GeV). The measurement of

DESY
TELEGRAMM

8. Oktober 2007

Wellenlangen-Weltrekord bei FLASH: 6,5 Nanometer!
Geplanter Dezignwert fiir die Lazerblitze erzielt

Wavelength World Record at FLASH: 6.5 Nanhometers!
Design value for lazer flaches reached

Zwei Wochen nach dem Er-
reichen der maximalen
Strahlenergie von 1 Giga-
elektronenvolt kam aus
dem Kontrollraum die
Meldung: .Am 4. Oktober
haben wir in den Abend-
stunden zum ersten Mal
bei FLASH das Lasen bei
einer Wellenldngen von

7 Manometern (nm) becb-
achtet.” Schon 24 Stunden
spéter gelang es dem
FLASH-Team, den fir die
Anlage geplanten Design-
wert von 6,3 nm zu erzie-
len. Die in den sechs
supraletenden Modulen
auf sine Energie von 986
Megaelekironenvolt be-
schleunigten Elektronen-
pakete zeigten bei ihrem
Flug durch den Undulator
nun auch bei dieser hohen
Energie das gewlnschte

Verbalien, lhre sogoian

=
|
-]
.
=

o N i 24 o 150 ot 38800

s 4 3 N B woW

e e e

Piot und Zahien f0r Exparten:

Das Wellsnangsnapekirum oel 8,5 nm. Zahl der
Bunchs: 2 - Apsriur: 3 mm - Websnlgngs: 8,523 nm
- Bandbreite: 0,0266 nm rms)

Plot and numbers for axperts:

the wavelength specfrum st 6.5 nm. Number of
bunches: 2 - aparture: 3 mm - wavelangth: 5.523 nm
- bandwigth: 0.0266 nm (rms)

Two weeks after the maxi-
mum beam anargy of T giga-
elgctronvolt was reached,
the control room announ-
ced another milestone: “0On
the evening of October 4,
wa ohserved lasing at a
wavelength of 7 nanometars
{nm) at FLASH for the first
time."” Oniy 24 hours later,
the FLASH feam achisved
the facility's design value of
6.5 nm. In FLASH, the alac-
trons are accelerated to an
energy of 386 megaelectron-
volts in six superconducting
modules. On their fiight
through the undulatar, the
electrons now demansirat-
ad the desired behavior also
at this high energy: the spon-
taneous radiation they emit
ampiified itself to form the
dasired frea-eleciron laser
radiation pulsas (SASE-FEL).

Upgrade and commissioning of FLASH successful
thanks to hard work by the whole TTF/FLASH team

Katja Honkavaara, FLASH Seminar, 16.10. 2007
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9.
DESY in Hamburg

o b
« Started: Tuesday Aug-14 morning (as soon as modules were cold)

* Frequency measurement of each cavity with a network-analyzer in the
tunnel (except M6 which has cables out of the tunnel)
— cavity tuning to resonance (1.3 GHz) and loaded Q-adjustment (Q=3E6)

« ACC1, ACC2, ACC3: Aug-14 and Aug-15 (daytime)

— ACC1: C6 and C7 problem with tuner motors

» C6 problem solved

» motor of C7 has a short to ground inside the cryo module, and has to be driven by
a potential free motor control

« ACCG6: Aug-16 (daytime)
« ACC4 and ACCS5: Friday Aug-17 until 9 pm

— ACC5: Motors of C2,3,4,6,7 could not be started with their motor drivers

» a special driver required to pulse for a short time a higher than usual current to
give the motors an initial kick; after this, in all cases, the motors could be moved
with their normal drivers to resonance

» Total time required for module hardware installations, cool down,

conditioning, and cavity tuning underestimated

« Substantial amount of time saved by interleaving frequency tuning with
RF and beam operation (phase adjustment, beam studies)

Katja Honkavaara, FLASH Seminar, 16.10. 2007



i ACCA4/5/6 phase and LLRF adjustments it

in Hamburg

« RFto ACC4, ACC5, and ACC6: Aug-20 evening
— measurement of the phase between the modules
— 120-150 deg difference between ACC4 and ACC5, phase of ACC4 and
ACCG6 almost equal

« Waveguide distribution (in the tunnel) corrected in Aug-21 morning
— phases re-measured in the evening
— phase difference between ACC4 and ACC5 ~ -130 deg; between ACCS5 and
ACCG6 ~ +100 deg

« Waveguide distribution re-corrected in Aug-22 morning
— phases re-measured in the evening
— ~ 60 deg difference between ACC4 and ACC5/6; phase of ACCS5 and ACC6

almost equal

« WG distribution corrected 3™ time in Aug-23 morning
— phases measured in the afternoon
— finally OK!

« Parallel to phase measurements: adjustments of phases of single cavities,
signal levels, and loaded Qs

ACCA4/5/6 ready for standard beam operation in Thursday Aug-23 midnight
with full gradient after conditioning: Monday Aug-27

Katja Honkavaara, FLASH Seminar, 16.10. 2007
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Phase adjustment ACC4/5/6 et

in Hamburg

Moduiz 4

Moduiz €
50

Initial situation

Midui= 4

ACC5

After first iteration

Katja Honkavaara, FLASH Seminar, 16.10. 2007



g HELMHOLTZ

Phase adjustment ACC4/5/6 o
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in Hamburg

After second iteration

Modukz &

ACC4 ACC5 ACC6

After third iteration and

Meduie 4
a3

»»= | LLRF adjustments

ACC5 ACC6

Katja Honkavaara, FLASH Seminar, 16.10. 2007
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New waveguide distribution ACC6 | i =t

DESY q
ot in Hamburg

* A new waveguide distribution system used for ACC6
— foreseen for XFEL -

« System pre-adjusted in Hall 2 N

+ Power distribution and phase distribution s EFNmgs
for the individual cavities almost perfect EEEaEE .

- | = ACC6
Initial phase BN

distribution

.....
.......

Waveguide distribution ACC6

4 O dB 3.0dB 4.8 dB
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V. Katalev
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Maximum beam energy B e
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« ~970 MeV electron beam through the
undulator to the dump: Sep-9 evening

1 GeV beam energy reached for the first
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FLASH

Free-Electron Laser
in Hamburg
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« First trial to establish lasing after the
shutdown (Sep-4/5) successful
— Lasing at ~13.5 nm (~6 ud average)
established within two shifts

* One week, starting Oct-2 after the
maintenance, scheduled for lasing at the
shortest possible wavelength
— lasing at 6.9 nm Oct-4 evening
— lasing at 6.5 nm Oct-5 afternoon

— Level ~ 1 ud (detectors not yet calibrated)

[ [0 Sulraction | ][ K ¥ Spectrum | [ cam

Canera
||| [ [_fistuaras | () [ Reaion of Dncerest | "‘0':"

o

Katja Honkavaara, FLASH Seminar, 16.10. 2007



FLASH

Free-Electron Laser
in Hamburg
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« First trial to establish lasing after the
shutdown (Sep-4/5) successful
— Lasing at ~13.5 nm (~6 ud average)
established within two shifts

* One week, starting Oct-2 after the
maintenance, scheduled for lasing at the
shortest possible wavelength
— lasing at 6.9 nm Oct-4 evening
— lasing at 6.5 nm Oct-5 afternoon

— Level ~ 1 ud (detectors not yet calibrated)

[ [0 Sulraction | ][ K ¥ Spectrum | [ cam

Canera
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Katja Honkavaara, FLASH Seminar, 16.10. 2007



FLASH: Gradient Calibration (Achieved

Gradients
%\r)leer\%’ ACCl | ACC2 | ACC3 | ACC4 | ACC5 | ACCe
Cavity 1 | 13.2 16.7 25.6 21.0 205 29.1
Cavity2 | 12.9 13.4 25.8 20.6 19.8 28.9
Cavity 3 | 12.6 19.2 25.7 21.3 19.9 30.3
Cavity 4 |13.1 18.6 25.9 20.1 20.0 29.0
Cavity5 |19.2 18.7 25.7 21.1 20.5 20.0
Cavity 6 | 20.0 15.0 25.3 21.1 20.7 20.5
Cavity 7 | 13.3 18.5 25.3 20.6 20.2 23.4
Cavity 8 | 19.9 19.4 26.0 20.4 19.7 23.5
sum 124.2 139.5 205.3 166.2 161.3 204.7 1001.2




Machine Studies at FLASH
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Flash Schedule

e Commissioning 02.07.2007 - 12.08.2007 42 days

 FEL Studies 13.08.2007 - 02.09.2007 21 days
 Accelerator Studies 03.09.2007 - 30.09.2007 28 days
 FEL Studies 01.10.2007 - 18.11.2007 49 days
1. Beamtime 19.11.2007 - 23.12.2007 35 days
e Maintenance 24.12.2007 - 06.01.2007 14 days

Controls & LLRF EDR Kick-off Meeting, Aug 20-22, 2007 3



1LC

Flash Schedule 2008

 Accelerator Studies 07.01.2008 - 20.01.2008 14 days
 FEL Studies 21.01.2008 - 10.02.2008 21 days
e 2.Beamtime 11.02.2008 - 09.03.2008 28 days
 FEL Studies 10.03.2008 - 30.03.2008 21 days
« 3. Beamtime 31.03.2008 - 27.04.2008 28 days
 Maintenance 28.04.2008 - 18.05.2008 21 days
 FEL Studies 19.05.2008 - 08.06.2008 21 days
e 4. Beamtime 09.06.2008 - 06.07.2008 28 days
 FEL Studies 07.07.2008 - 27.07.2008 21 days
« 5 Beamtime 28.07.2008 - 24.08.2008 28 days
o Accelerator Studies  25.08.2008 - 14.09.2008 21 days
 FEL Studies 15.09.2008 - 05.10.2008 21 days
e 6. Beamtime 06.10.2008 - 02.11.2008 28 days
 FEL Studies 03.11.2008 - 23.11.2008 21 days
e 7.Beamtime 24.11.2008 - 21.12.2008 28 days
e Shutdown 22.12.2008 - 15.03.2009 84 days

Controls & LLRF EDR Kick-off Meeting, Aug 20-22, 2007
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LLRF Studies Sep. 2007 (1)

 Test of Multichannel Downconverter for LLRF Matthias Hoffmann
e Beam based beam loading compensation at ACC1 Elmar Vogel

e Beam based ACCI rf field stability measurement using BC2 beam
diagnostics Elmar Vogel

 Multicavity Complex Controller (MCC) Tomasz Czarski

 Vector-Sum Calibration with Beam and Beam Diagnostics
Valeri Ayvazyan

« For./ref. rf power cal, w/wout beam, probe calculation
Waldemar Koprek

 Multi-bunch transient detection with different electronics
Petr Morozov

 Grad./phase calibration with full beam loading Valeri Ayvazyan
 QOperation at different gradients (gradient spread) Valeri Ayvazyan

« Operation close to limits (klystron saturation., cavity/coupler limit)
Wojciech Cichalewski

e Beam Based RF Amplitude and Phase Calibrations Valeri Ayvazyan

Controls & LLRF EDR Kick-off Meeting, Aug 20-22, 2007
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LLRF Studies Sep. 2007 (2)

 Radiation effects on electronics Mariusz Grecki
 Physical System Parameters Identification Christian Schmidt
o (Off-crest operation in ACC456 Valeri Ayvazyan

 Performance evaluation of ILC Americas No. 1 LLRF Controller
Gustavo Cancelo

 Evaluate ILC America No. 1 Downconverter and Vectormodulator
Brian Chase

 Performance evaluation of new FLASH MO and Distr. with beam
Henning Weddig

 Evaluation of Operational Procedures for Automation
Wojciech Cichalewski

« Test of Components needed for Automation Boguslaw Koseda
 QOperation of universal controller Wojciech Jalmuzna
e Test of new features in LLRF controller at ACC1 Waldemar Koprek

Controls & LLRF EDR Kick-off Meeting, Aug 20-22, 2007 6
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Multichannel Packaging and Preprocessing

Receiver frontend : VME interface

—_—

- Shielded subsections P : R | PR "/53/ :LO _disitrib_uﬁon
- Strong AGND to N e R L - . e e
RF GND connections ' ‘ [ : : _ HEEE

ns
L &

- Frontend mixer types
easily changeable
(Applications:
Bunch-arrival-monitors,
Beam-position-monitors,
Beam-based feedback,
LLRF passive-active)

Qg
I-X3LHIA
XNIIX R

Digital motherboard (ACB 2.0):

Fiber interf
loer interiace - Provides IQ-detection and Fiber interface to controller

to SIMCON 3.1
Frank Ludwig, DESY



Single channel performance at FLASH

® FLASH injector : Biased by MO reference : e Shortterm stability 800us (bunch-to-bunch):

BW=27MHz
BW=1MHz

AA 3 =9.3377e-4
AA 81= 1.4942¢e-4
AP 3 =0.0654 deg
AP 81=0.0092 deg

34 1ovesS

BW=1MHz
BW=1MHz

AA = 1.6263e-004
AP =0.0147 deg

+ SIMCON DSP 81 samples over 1 us

- 11Q value
- ~5 Hz through 10 minutes

Frank Ludwig, DESY



— Summary of ACC1 beam stability at FLASH

® |Q sampling down converter :

0.0019

0.0018

0.0017

0.0016
0.0015

0.0014

+ BC2 slope std Feb 2007
0.0013

m BC2 slope std

0.0012 BC2 slope wio KlyLin

0.0011

0.001

0.0009

0.0008 *

*

0.0007

relative energy stability dE/E

e

0.0006

0.0005 +=

-

0.0004 *

*®
-

0.0003 = -t

L Fe 2
t.‘ "y Em
e

0.0002 +—*F—sus—— ———— = =0

0.0001

0 T T T T
0 20 40 60 80
p control feedback gain

Frank Ludwig, DESY

100

120

® |F sampling down converters :

Relative Energy stability dE/E . [%]

0.20

l!IllllIIIIIIIIIIIIIIlllIIIllIIIIlIlIllIllll

0.15 -

0.05

FLASH #2007-10-10T231156-dEE-ACC1-SR-BC2
FLASH #2007-09-24T210803-dEE-ACC1-3BC2 7

Beam stability measurement (pulse-to-pulse):

CW modulation scheme:

—e— LT5527, on chrest, -64 deg phase -
fie=54MHz (bandpass filtered), f,.=81MHz, SIMCON-DSP
+2 deg phase off chrest —
-2 deg phase off chrest
-6 deg phase off chrest =
LT5527, on chrest

fie=9MHz (lowpass filtered), f,=81MHz, SIMCON-DSP g

- HMC483 (passive mixer), on chrest

fie=54MHz (bandpass filtered), f,=81MHz, SIMCON-DSP i

~ before beam based VS calibration

CH4ap

Switched modulation scheme (cross-check): =
—o— ADB8343, on chrest, f-=250kHz, f.=54MHz, SIMCON 3.1

XFEL Specification

0.00

llIIIIlIIIIlIIIIIlIIIIIIIII]IIIIIIIIII!IIIII

0

10

20 30 40 50 60 70 80 90
p controlled feedback gain
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Detuning compensation system

-----

Piezo

r AL TRlctuator

‘Ff‘?"‘_""
1 L}

00000 |

/ a"of

P
. oo
Unm amw _zemm
= -E -
*

Piezo
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8X

Work Package 8 “Tuners”
JRA1 SRF - CARE Annual Meeting, Warszawa 17-19.1X.2007

SRF I3



8 channels Piezo Driver

PCB board Inside PZD box PZD box



Results(1)

Trg =5 Hz)

= 280 kW,

« ACCG6 LFD compensation
— (SP 22 MV/m, Pfor
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Amp: 34V
Dly: -4100 us

T

|

=

| |
o o o o o o o
(=] o o o o o
™ N — - N ™

[zH]Buuniep

[zH]Buiuniep

500 1000 1500 2000

1000 1500 2000
time[us]

500

500 1000 1500 2000

1000 1500 2000
time[us]

500

time[us]

time[us]

caB@acc6

cav/@acc6

o
o
o
N
o
o
0
Y
S 2
2 O]
S E )
=
S -
o
| 0 " —
! —
o o o =) o o o b
o o o o o o
(3] N - .I.. N ™
[zH]Buiuniep m
8 (D)
o
o
o 7))
o
o
g 7))
Y
gz (@©
[9)
” S E
=
I o | -
B o
n
! )
o o o o o o o n
o o o o o o
(32 N — 1.. nd_ ™
[zH]BuuMep u
+—J
o
o
o
& L
8 R
3 " —
%
g2 =
[3]
S E
g m
o
n
8 ()
o
@ —
g @)
, 3
| N r
.18 @]
r\\\:Ou L
| = —
| (%)
| 8=
\\\\\\\\\\ [}
[ S E
| -
| o
- -----48
n
|
o o
o o
7_. ™

[zH]Buiuniep

Work Package 8 “Tuners”
JRA1 SRF - CARE Annual Meeting, Warszawa 17-19.1X.2007

e
E
L

/a0 G
£ ¥

b

)
INFN
(%

ieN



cavs

cavy

cavh

cavh

cavd

cavs

cave

cav]

Piezo Detuning iIn FLASH ACCG6

O piéza on
M piezo off

-

a0

100

150 200
detuning [Hz]
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300
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Single Bunch Transient Detection
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Beam phase measurement with single bunch

Why we need beam phase measurement in cavities :

= linac cavities RF phase setup with low beam charge

= save and stable operation

Two new methods are in research :

* absolute beam phase measurement

= relative beam phase measurement




Absolute beam phase measurement

o | -

Measurement setup :

variable gain amplifier: -70 dB to +50 dB

new downconverter, IF 54MHz
Advanced-Carrier-Board (ACB2.0), based on FPGA
Matlab for I/Q calculation

Cavity



Measurement procedure

1. Measurement conditions :

RF
Beam

- 0on
- off

calculation

2. Measurement conditions :

RF
Beam

- off
- 0N

" caleulation >

Vrf
4

Vb

Beam phase

vb ¥ !




Relative beam phase measurement

» The method is based on measurements of RF generated by klystron (1.3 GHz) and Higher
Order Mode excited by electron beam (2.4 GHz).
= For calibration of this measurement can be used absolute beam phase measurement results.

Beam phase
[
i

[N\
o N\
J_/'/’// \ \\\ \\\\ ™ ‘«
N\

[ N\




Expected results

higher accuracy

faster calibration

single bunch phase measurement

beam phase monitoring in start-up and run time



Alternating Gradient Operation
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Goal

e Establish the possibility of operating the
cavities with two gradient levels (pulse to
pulse and intra pulse) so that they can be run
at high gradient along with (during) SASE
operation.

* This will allow for
— Galning operating experience at high gradient
over long periods of time
— The possibility of working on the second ramp

during FEL runs (needs to be shown that we can
do this without disrupting experimental program)



Two Ramp Modes

o Alternate SASE (lower gradient ramp) with a
high gradient ramp

e Have a ramp with two levels, 1st for SASE,
then going to higher gradient on the same
pulse (but usually shorter flat time)

e Possibility of combining both of these (though
not clear would want to)



Two Ramp Modes (2)

Alternate SASE, standard
mode of operation

_ Ramp with two levels, 15t for
SASE
Variable RF pulse length




11.08.2006 12:59

SASE level with alternating pulses. First pulse with beam, second pulse without
beam and with 2 level of gradients. The SASE level is the same as with one pulse
mode operation (see picture at 12:51).

[T IVIS

LAV LV I
Res= 1.Buf= 5

THATCH
01 19.481 92.824  37.261  0.366  0.926  0.027
— |0z 21,810 85.257 38629 0.371 0.936  0.0%5
[ 0.%17 | 0.674%8 Start Stop All ||Hist N3  47.421 93.406 42.879 0.358  0.950  0.022
04 60,809 94.570 44.010 0.334  0.947  0.022
05 52.078 88.167 42.751 0.334  0.936  0.022
[ 1530 |50 [0 |0 06 86.421  87.003 41.587 0.339  0.928  0.023
- 07 56.153  99.809 40.191 0.364  0.924  0.024
[ 1530 [ 1 { 015713 /SN 08 ©28.795 85.839 41.8l6 0.352  0.913  0.022
09 59.645 98.645 41.778 0.351  0.897  0.022
10 31.123 89.913  40.970 0.355  0.888  0.023
<20 pulses > 11 45,675 99.809 42.550 0.358  0.875  0.022
[ ) ! ! - 4 }% ) Camera_control: TTF2.EXP/PD.CAMERA/CAMERA!
LA DU W BN TASUURR W YRR SRR & Y I BRI T I FUR 4 14
15
= ap LGP T R e T N L e 4 16
17
s K 4 18
19
1 1 1 1 1 20
13:18:05 13:19:05 13:20:05 13:21:05 13:22:05 13:23:.05
: 21
time [hh:mm:ss]

i] 5 10 15 20 25 30 Frame # = 37878 13:23.01 11. Aug.
Bunches Camera:

.




Controller
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Controller

Cavity signals

ﬁ Computation Pipe of the controller

Field detection - detection of the components of the field

module -1-Q .
- Amplitude-Q

A 4

Feedback - parametrized control function
module - P-1
- MIMO
Output - output corrections
module - klystron chain linearization
- beam load compensation
- AFF
- etc.

To Vector Modulator



Controller

supported features

Normal mode: The prototype version of the FPGA
- I-Q field detection based controller have been
- A-Q field detection permanently installed in ACC1 and is

working more than 1 year

- Adaptive Feedforward

- klystron linearization

- beam load compensation

- embedded platform integration
- DSP processor support

Measurement mode:

- Self Excited Loop (SEL) with amplitude limiter
- frequency sweep mode

It Is also possible to use CW mode.



Vector sum control of 7 cavities (MST)
Feed Forward and Feedback mode (gain=100)

rad

Cavity output envelope

cavity

— klystron

Klystron output

time [107 5]

time [10° s]

WARSAW , October, 2007

Institute of Electronic Systems




Schematic View of the LLRF Control System

oAG oFF 1
F_RAW_I
RAN - —
| >
>
FF_RAW_Q
Q [S— >
. s
>
oAG_oFF 0

— e | R
MIMO-Controller

{7

——"T

Figure: Control system Schematic with Feedforward,Setpoint and Gain
Table additions. P denotes our plant providing system information and
supports the analog part of the control system

35‘55
Christian Schmidt < 5/13 »pl N O %



MIMO-Controller Structure

m so far a decentralized P Controller is used
m new FPGA implemented controller is given by:
Ki1(z) Ka(z) )
K(z) =
(=) ( Ki2(z) Kao(2)
with the elements

Ki(z) = k; 212t bz
i = Kj — 5 -
v JC,'J"Zl—i—d,'j-Z2

m tuning 20 manually is not possible for users

m parameter estimation can be found by solving Hy, with
HIFOO!

1J. V. Burke, HIFOO - A matlab package for fixed-order controller design
and H. optimization, Proceedings of 5th IFAC, 2006

Christian Schmidt < 9/13 » N



Design Objectives

RF field flatness during the flattop is the desired goal

m perfect tracking (reference = output)
m only possible for low frequencies due to system physics
m high loop gain amplifies also disturbances
m complementary sensitivity T(s)

m disturbance rejection
m high frequency noise is filtered by lowpass characteristics
m good suppression demands small feedback gain
m sensitivity S(s)
but
S(s)+T(s)=1
~ therefore weighting filters need to be introduces to shape the
closed loop behavior

Christian Schmidt M« 10/13 »»l SO




Automation
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Proposed Approach PlwL

Required capabilities of the automation: Specifies finite-state model

. To automate routine operators tasks. of the automation scheme for

. To adapt to unpredictably changing conditions of underlying operator's tasks.

hardware. Allows for definition of formal
« To recover the subsystem from known faults. safety and liveness properties
of the model.
Specifies patterns of system readouts Is automatically translated
that are categorized as an exceptions. to the input language of the
Tﬂtler.? ar: reci)grlljllzed warr: nes, d Assures deadlock-free cooperation NuSMV model checker for
tierrup ;1.(5}? Y[a ihexcef 1onts.) an of both software modules (Verified verification of formal properties
e with the SPIN model checker)

|

Specification

—» for
<« ‘@ ¥ planner

Cooperation protocol

Exceptlon handler Plan ner
- - -

Supervised plant

exception
handler

Recovers the subsystem from specified faults. Automates routine operators tasks.
when something critical happens. Adapts to unpredictably changing
Warns the operators about incomming problem:s. conditions of underlying hardware.

DNES




Working Out the Specification

® Procedure targets
® Procedure prerequisites - functional

asserted throughout

The truths that must be
Iﬁ— the whole sequence

® Procedure prerequisites - not functional (e.g. safety) .
® Independent conditions guarged by the exception har;dler

[LLRF drive allowed]

<<Prerequisites>>
LLRF drive allowed

<<Remedy procedure>>
<<Atomic action>>
Open rf-switch

[LLRF drive prohibited]

S

[Modulator is off]

<<Prerequisites>>

Modulator is off
LLRF drive prohibited

/\

<<Atomic action>> L
Turn on modulator

PO

Definition of target operation
mode T

Modulator is on AN
LLRF drive prohibited

Automation enabled

Operators action Iz independest
n

from uxtaptinns

S enperatars duty=
_Enabie sitemation

[ = =Frem]
| Automation snabied

Automation bypassed

el
IE—‘amm i [automation ulum-‘}]
|

By 55 Betamation

restded] w
il

Ol:leraﬁor."EHqineer

<<Asserted by EH>>

Modulator interlock not reported
Klystron interlock not reported
Personal interlock not reported
Modulator unlocked

SPS accepts HVsetpoint

<<Procedure purpose=>=> |ﬁ

"|LLRF drive prohibited

<<Procedure purpose>>
“IModulator is on

| Modusistor is an

[Modulator is on]

Shutdown

& | X
3 |Perzanal interlock nok
v |Muoduilelar iibecked
[Miose

|
.
|.'|'|rl oft sodulaol .l

[T wehasericd by Eew
Inbor

DNG

Ready for LLRF

R ..




RF-Power Station — EH Specification

System readouts

HV readout

HV setpoint

HV sps setpoint

Klystron error

Modulator status register 1
IGCT timing applied

Manual mode

HV target setpoint

RF-gate status

HV is generated

Modulator is locked

Klys interlocks register 0-23
Klys interlocks register 24-47
Klys interlocks register 48-71
Personal interlock signal
Personal interlock backup
LLRF is inhibited

RF leakage detected
General modulator error

Data types
int
int
int
bool
bool
bool
bool
int
bool
bool
bool
int
int
int
bool
bool
bool
bool
bool

Faults

Personal in terlock reported
RF-leakage reported

Unrecoverable modulator fault
Modulator power supply fuse tripped

Interrupt

Modulator interlock reported
SPS does not accept setpoint
Modulator locked

Klystron interlock reported

Remedy procedures
Restart modulator
Wait 5 min

Reset interlock

Open RF switch

ﬂ

s
tﬂ“




RF Gun operation without probe

LLRF 07, Knoxville, TN, Oct. 22-25, 2007 —



Injector beam control studies winter 2006/07 FLASH Seminar, June 19™ 2007

Rf control by SimCon 3.1 and sophisticated algorithms

Implications of missing probe: Ugun' S
0 0 =
e calculation of probe form M
forward and reflected rf klystron ADC
e calibration and linearization / .Z —
is an issue - ]ylrtugl
set point proportional "1 Probe
Algorithms: table gain 0 @
e P(I) control with recursive +X‘+—<<—E) A :
20 kHz low-pass (IIR) for q ] IR '
stability at ‘high' gain (>b) >0 MHZ; ; integral : low-pass
e Adaptive feed forward (AFF) . gain - AFF ®
from rf pulse to rf pulse 1MHz Hpy ga:Im track|,_[7 J
+ back | N N
table 9 - Q
? LO

reset

presented at FLASH seminar by E. Vogel, June 19™ 2007



RF-Gun Control with 10MW Kilystron

— O ® —

il

electron bunches
gun

1.3LGHZ 1.3lGHz
fpre% Analog 1/Q _i_ Analog 1/Q
2l 1 detector T-combiner I:: detector
master Pior2Q analog 11Q Analog 1/Q
: <Lfor2l | detector detector  |—
oscillator pre-amplifier Is
1.3 GHz 1.3GHz 1.3GHz
Vector 10MW
modulator klystron
A A
| DACL [* «— ADCA I oy |
«10MW Klystron with 2 arms DAC2 |* <« ADC3 " " o
_2xPfor and 2xPref FPGA B ﬁggi Pford |
field in the gun calculated from 4 Xilinx . [Apce [&ef2Q
signals Virtex Il Pro |__[apcy feref2h
complex calibration procedure « I ADCS 4%0—
compensation of T-combiner « | ADCB [¢ 25—
asymetries SIMCON 3.1 control board
teststand at DESY-Zeuthen




Injector beam control studies winter 2006/07 FLASH Seminar, June 19™ 2007

Virtual probe signal calibration (method established at FLASH by A. Brandt)

circle fitting after frequency variation DOOCS panel for
[ Figure 1 =0 X calibration parameters

File Edit View Insert Tools Window Help

DeE&E| k| ®fama || 0E

¥ input_calibration: PITZ.RFRF2_FPGA/RF2/ =0 X
Acal: 1.1591 ¢Ca|:?3.5209 [deg] $:0.92914 P callore - e ;
_ ; _ _ _ POW FOR I|POW FOR Q|POW REF I|POW REF Q
AL AL AL o R o N NSO ab Ak A
OFFSET + 1210 + B30 + 1580 + BBO
IEI TP TITW TYV¥PVPVW L TTFPYFEWT
=
: Ad A Ay oo By & Oy B Oy B A b A A b A
3 GAIN + 1.8 + 1.80 + 1.55 + 1.55
a—. TTEY TT TTY T TV TV TTEY TTEY
E ab b oo
= cal MW HV +,0.330
:E &AM Foyr. 8 oA s A A
s PHASE i 300 g f52
g Uy £y
> LOOP PHASE +.,3.00 deg
4%
£
N
o KLYSTRON 1
E
; ;

-1 -0.3 -0.6 : -0.4 -0.2 0
real part [arbitrary units]

Plots taken at PITZ - the plots and panels look similar at FLASH!

presented at FLASH seminar by E. Vogel, June 19™ 2007




Injector beam control studies winter 2006/07 FLASH Seminar, June 19™ 2007

Action of control loops - the case without control

[V uns <=y Beam based emission phase measurement:

-
klystron Gun - laser rf stability; cal= =0.066nC/deg 2007 -02-14T163113-detuning-gun
pre-amp >.?E:§ 1 : :

-/—I— DAC 5 = Bunch o bunch rma = 017 0deg
: I —e— Repeletive intra=train rms = 2.857deg
set point *  Shat=to=shot intra=train rma=2.857deag
table =3

Fhase gun versus laser [deg]

100 200 300 400 s00 E00 700 B00
fime [us]

e gun heats up within rf pulse

e gun resonance frequency changes > the emission phase changes by 8.5°

presented at FLASH seminar by E. Vogel, June 19™ 2007



Injector beam control studies winter 2006/07 FLASH Seminar, June 19™ 2007

The case with P control only

1y S Beam based emission phase measurement:

un [

g ->
klystron ADC Gun - laser f stability; cal= -0.066nC/deg: 2007 -02-14T 161800~ detuning-gun
pre-amp EI%’,SI - _ag _ ; .

+
—/_I— 1 + BAC§ D virtual _3a} Bunch to bunch rms = 0.083deg
. rf probe —a— Repealetive intra—irain rms = 0.580deg
Settag%nt propor_tional 7 +  Shot-to-shot intra—train rma= 0.5B85deg
gain @
L X @ _d 2
< r ~> 4—\_ "
IR _a.4l
low-pass

Phase gun versus laser [deg]
A
[ ]

-5.2

-5.4

0 1:110 200 300 400 500 &00 T00 8OO
bme [us]

e proportional control with gain 4
e emission phase change suppressed > the emission phase changes by 1.7°

presented at FLASH seminar by E. Vogel, June 19™ 2007



Injector beam control studies winter 2006/07

FLASH Seminar, June 19™ 2007

Case with P control and adaptive feed forward (AFF)

gl.ln5 S
klystron
pre-amp 4 ‘E:;‘:G:%
_/_I_ “+ + EAC >.?‘ .F/”rtugl
, rf probe
set;g%nt proportional P
gain
4 I: @ A
IR
50 MHz low-pass
.'fJI AFF ®
1 MHz FIR gain —
Dl Y rack |, ]
4122 back| N I N
T o £
table | 99° =
reset

e AFF corrects systematic errors
e AFF gain of 0.4

Beam based emission phase measurement:

-6.9

-56.85

-7.2

Fhase gun varsus laser [deg]
. ~
m —r
£n £n

1
=l
£

-7.35

SR
o

Gun — laser stability; cal= -0.065n(/deg 2007 -02-14T151906-detuning-gun

/’/\v

Bunch 1o bunch rms = 0,117deg
—4— Hepetative intra~train rms = 0.044dag |
Shal-la-shat irra-trsEn rms= 0.091de g |

300 400 500 &600 700 BOO

imea [us]

> the emission phase changes by 0.14°

presented at FLASH seminar by E. Vogel, June 19™ 2007



Injector beam control studies winter 2006/07

FLASH Seminar, June 19™ 2007

Long term stability

Gun = laser f stabildy; cal= ~0.066ndeg; 2007 -02-14 T163113-detuning-gun
1 . r

| E nns-[lh_‘rEEtdegj

(1) o 2 4 timeﬁimin] 8 10 12

phase gun [deg]
=]
= o

1
=
o

e

B

]
M3

e -
u'“f"% P, f,w#“-m{.w&u@ f

i H

2 4 & g 10 12
time [min]

phase reflected power [dag)
(=]

A

b=

Observed emission phase stability:

(1) RF drive only: peak-to-peak 1.3°
(2) P control only: peak-to-peak 0.4°
(3) P and AFF control: peak-to-peak 0.4°

(2)

Gun = laser rf stability; cal= -0.066nCdeg; 2007 -02-14T 161 800-datuning-gun
0.2 T = =

| . = 0.057deg|
T T

: T
i i . ]
: N | L
r 3 t, I.-"i.i-_r;':ﬂ' Lo 1

phase gun [deg]

time [min]
Sl | R B )
| ooy kﬂf @
gl E .. .
e 9 2 4 3] ] 10 12

time [min]

Gun = laser f stability; cal= =0.065ndag; 2007 =02-14 1151 306=dstuning=gun
04 T

i | . rrr‘rs-lzlj_ﬂﬂ?dagl

phase gun [deg]

timme [mmin]

10

o

i

]
en

phase reflacted power [deg]
=

ke {)\/Jwﬂ\-ﬁf"“r‘”‘h .

& 8 10 12
timsa [min]

I

—

e ]
==}

presented at FLASH seminar by E. Vogel, June 19™ 2007



Beam Loading Compensation
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FLASH Progress Report SRF2007 Workshop, October 15™ 2007

Proportional control with beam Beam energy measured
based beam loading compensation with synchrotron light
spot at BC2

beam , =N
. |

5MeV 127 MeV

RQ, klystron
J—‘ L[ %= + Dpact ADC 5@(@;%0&?
feed R ‘ACCT’
forward /L
table proportional set point
gain table Resolution AE/E = 10-4
>~

presented at SRF 2007 by E. Vogel, October 15™ 2007



FLASH Progress Report SRF2007 Workshop, October 15™ 2007

'Ideal’ gain for proportional
rf control at ACC1

Gain giving most stable beam:

e small gain: error suppression

—a— Klystron linearisation off 10/2007 e large gain: noise amplification
—o— Klystron linearisation on 10/2007
—o— scan 2/2007 e best single bunch stability:
z 150 AE/E = 1.6x10-4
3 ] T
s - } - Gain limitations:
@ | / e
-% | E\ %% j jjl TT O/O/% e noise at pick up signal?
E e OOO Fgs /O\cro‘o/ | e w/o paying attention to the
| ﬂ‘o oo;iA OOO# L T 8/9 m mode: G = 40
T[] e paying attention to the
1E'4 frrrryrrrrrrrrryrrrrrrrrryrrrryrrrrryrrrryrrrrrrrrr T T T rTT 8/9nm0de:G>loo

0O 10 20 30 40 50 60 70 80 90 100110120

gain of proportional control

presented at SRF 2007 by E. Vogel, October 15™ 2007



FLASH Progress Report

SRF2007 Workshop, October 15™ 2007

Actual status of the ACC1

Status:

0.0

e not yet ideal, but... 9

o sufficient for SASE with &
more than 400 bunches E 0

5
Next steps: e -0.2

o

. . . )

e improvement of calibration 2
e further qualification by 2 03

beam measurements

beam loading compensation

—o—p control only results in
bunch to bunch rms = 0.021%
repetitive intra train rms = 0.070%
—e— p control and beam loading
compensation result in
bunch to bunch rms = 0.020%

i %%W%{Wm%ﬁ

0

10 20 30 40 50 60 70 80 90 100

bunch number /1 us bunch spacing

presented at SRF 2007 by E. Vogel, October 15™ 2007



Klystron Linearization
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FLASH RF stations
High power amplifiers diagnostic

Tt T T T T T T T T T T O Tt T TT T T T T T T T T i
| ¥ ;
1 DSP controller ADC !
! DAC cutput channels

First Second (tube)
preamplifier preamplifier

| I 4]

| LA i

} Wector

i I Modulator att at att
I

|

I =

| S

= J10 Down
Converter

DAC

,,,,,,,, output of ADC channels
* P L0 Funct.

Generator

Master
| Qscillator

"@DC

. On-line amplifiers diagnostics

Vector Modulator Preamplifier 1

Preanplifier 2

Klystron output

[snrsl(kn)] [:;nrl,(l:w}] Kly5 Prednpl output [sﬁurv(ku}] K1y5 Preanp2 output [!‘sq:l(kl!}] K1y cutput
3 z = -5
4. 0.4
-]
: 3 ‘; bis
-5 2 = 0.2
K 1 1 0.1
0.4 - 0. { ST S ! P el T . 0. il 1
0. 400. 1000, 2000. 0. 400, 1000. 2000, 0. 400, 1000, 0. 0. 1000. 2000
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. Transfer characteristic measurements

Klystron 2 — characteristics
(and current OP)

¢ The amplitude (left) and phase (right) transfer characteristic

for the klystron operation with HV level 122kV.
* Blue curve — nonlinear amplitude transfer characteristic

* Red curve — transfer characteristic after linearization
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Klystron 5 — characteristics
(up to the OP)

* The amplitude to amplitude (left side) and phase to
amplitude (right side) characteristics for klystron 5
(HV=121kV, Simcon 3.1 operation).

Dutput mignal ampHude 1o inpul sigral amplitude chamcieristic

Qirnpt signal phase Woinput sgnal ampfde characiernistic

o~
ik] Lt
s E R
0= =T
E .
o7 L
. " i
o0&} N ET TR
os e E Tt .
= H
04 A oA Prag
= ..
03 e E A
. = H
0z : E -mp -
B
QAf- =2
P S T S SN S S S S S0 [ OO SOUOUN ST AOPORC OO VUL DUV SO WO
[ ni oz o3 o4 ne 086 07 0g oe o1 02 0F 04 0§ 08 07 OE 08 1

Momabzed input =ignal magqniuds wmbie Homrmedized input sigral magriude value



FLASH RF stations
High power amplifiers chain linearisation

Main tool window

Amp nonlin — CURR_CHAR_AMP

. Linearisation of the HPC of RF A ame e A

Stati O n S TOM. CONTROL 5 \:‘LIIUDE THARACTERISTICS - correction table T
S+l 5

. DOOCS integrated operator RN |
GUI for linearisation tool R |
management O et

Set parameters

I 2. W, G. 8.
CHARACTERI X RFThome/ttflinac/use
; . . e —
‘ HPC characterization Lin atatus
33

Transfer anplitude characteristic LIN ON [
AMP SP Linitation [sqrt(w)] 300 __ 0. 0. 40
ol Res= Bu [ [o
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r11.04 Dand SOCFT arrer .-"' TTEI OCA IDC COFRAGFET fEIOD FLAD DL
Phase nonlin - — CURR_CHAR_PHAS
Steps guant iy Phase lin. " -KLY_CH_LIN_PHASE
bR current RF phase - KLY_OUT_PHASE
vvvvv i
Pulse duration
AAAAAA
+ 1000.0
vvvvvvv
. " .
Customize characteristics
asna a °
1000 0. |

S

R measurements tool,

nnnnnn Transfer phase characteristic
vvvvv v [q]eg]
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SAVE CURRENT PARAMS

. Correction coefficients
calculations,

SET CUSTOM FF

RUN CHAR TOOL

RUN LIN CHAR TOOL

CORR CAL. NEXT ITERATION

O b

| | | . Characterization for different
e HV levels.

\ |
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\ CORR CALCULATION |
\ |
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Klystron Saturation (10MW, Toshiba)

Toshiba MBK, June 2006
U=115,8kV, | = 134A, Trf = 1500uS
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P|n NV) Courtesy: V.Vogel, DESY



The current operating point for
FLASH klystrons

. Klystron 4 — 10 MW tube:

- supplies ACC 4 & 5 & 6: 8 cav. in each module
- operating HV: 110 kV

- LLRF controller: DSP system

- current operating point (data from 11.09.07):

. Klystron output: about 5.3 MW (max. 5.4
MW)
(max. Acc4C1=170kW, AccdC2=150kW,
Acc6C1=350kW)



Summary - FLASH status

. Current FLASH RF stations operating points are far from
the operational limits:

- K2 ~ 20% of SMW, - K3 ~ 62% of 5 MW,
- K4 ~53% of 10MW, - K5 ~60% of 5 MW.

. Current OP already are placed in the region where
transfer characteristics of High Power Chain are non-
linear

. The output power margin is well balanced concerning the
LLRF field controller range and HV level. For current OP
levels the LLRF controller has sufficient output signal
range to provide (non-saturated) operation of the
modules even for the feedback gain that corresponds to
operation near to the loop instability.



Dosimetry
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Radiation monitoring real-time system

The aim of the system:
Real-time dosimetry of gamma radiation and neutron fluence in a few
different spots of XFEL

i Accelerator tunnel

Gamma | Y
sensor

Radiation «—
: tolerant
3l read-out systema

Detectors:
Neutron radiation — modified SRAM-based dosimeter 2 MB
Gamma radiation — RadFET 1000 nm



Distributed n/y radiation monitoring system

Neutron and gamma DAQ system Main
dosimeters in ATCA crate database
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Gamma Dose Measurement along

FLASH during Routine Operation at
a gradient of ~21 MV/m

1.0E+H14 T

= 1.0EHI3

DeripnGy.

1.0E+HI2

1.0E+H

DLOLLDULOLLLLL UL LO0LLODLL0LL L0000 0LL0

Accelerated dark current from RF gun is the prime source of gamma dose
Gamma dose rate drops with the distance from the RF gun

Gamma dose rate at the cryomodule (ACC 1) near bunch compressor (BC #1)
IS two orders of magnitude higher than the distant module ACC 5

The dose distribution pattern along the module surface is non-homogeneous

The radiation dose at modules far away for the RF gun caused by the
accelerated field emission electrons



In situ Dosimetry of Neutron and
Gamma Radiation Fields

INn FLASH Environment
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Neutron kerma Rate at ACC 5 with BF Gun OFF

Gamma dose rates along ACC 5

running in field emission mode
(RF gun off)

= along ACC 5 running in

ACCHC1

ACCHL2

ACCHC4 ACCHSLCG  ACCS-CH

1l Field-Emission mode

Gamma Dose rate is 4 orders

of magnitude higher than
neutron kerma (Si) rate.



SEU Immunity
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SEU tolerant IQ detection algorithm
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|Q detection algorithm - simulation

Randomly generated SEUs é
were affecting all registers e
A

Almost all errors were PCS

ADC

| MAC (SI) ﬁ MAC (SQ) || MAC (SPCS)

MAC (SQCS)

corrected (except errors in acs % #% &
output registers — R RQ RPCS RQcs
application of error 3y 3 3 !
correcting codes is Correction module
required) SEU ‘
« Only double hardware | Q
redundancy
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Automatic generation of redundancy

(estimated on the base
of simulation results)

Critical component \

Voting
circuit




LLRF Planning for the XFEL
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The European XF E L

X-Ray Laser Project iray#

Overall XFEL Schedule

- We have the overall schedule promising first beam
through the linac before end of 2013; this schedule can
be used to determine earlier project milestones

y2007 y2008 y2009 y2010 y2011 y2012 y2013 y2014 y2015

Civil construction

Linac (XTL)
Accelerator sub-systems (components)

Technical infrastructure
Operations & control

Undulator & photon beamlines (XTDs)
1st beam injector O
1st beam linac @

SASE1 gain at 0.2 nm O
all beam lines oper.

Hans Weise, DESY @" HELMHOLTZ
XFEL Cold Linac, July 2nd, 2007 | GEMEINSCHAFT




—1 ____Improvements needed for XFEL  |—

/0@~

Field regulation :
— Short term: Improve by factor 3 (0.03 deg. = 0.01 deg.
— Phase drifts: Improve by factor 10 (2ps = 0.2 ps)

High Availability
Increase computational power (FPGA,DSP, CPU)
— Support advanced applications and automation

Need modular design (also define standards)
— Upgradeability, maintenance
— Useable by other WP, support collaborative efforts

Automation
Diagnostics
Documentation (initially: good requirements)

)

m DESY |juum low level radio frequency LLRF 07, KnOXVi”e, TN, Oct. 22'25, 2007 —
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— New WBS for LLRF under Discussion —

Risk . Major System
Assessment 1 LLRF PI‘O]eCt Management r Requirements

| | | |

Infrastructure Commissioning/ Special
Hardware Software : . .
Inst/Maint. Operation Topics
] ] ] ] ]
] _ 4.1 Operation and 5.1 Transients
1.1 MO & distr. 2.1 Controller 3.1 Cabling L .
- - — — Evaluation in — detection
FLASH/MTS
|| 1.2 Digital Feedback 2.2 Low Level || 3.2 Racks and crate | | 5.2WGT Control
— Applications 4.2 Procedures
1.3 Field det. & _ 3.3 Documentation 5.3 Interfaces to
] Actuators 2.3 High Level and Operation i ] other systems
- Applications - Manuals .| 4.3 Automation
1.4 Piezo Control sac cati SITrr?n;:ﬂlnaii;(/m
] .4 Communication —
| 34QAandQC || 4.4 Diagnostics
— protocols
1.5 Radiation 5.5 Calibration
— monitoring 2.5 Control system L— parameters database
L (DOOCS) 3.5 Redundancy, L 4.5 Simulation
Availability Analysis
1.6 Communication
— interfaces
| |3.6 System integration
L | 1.7 Slow control
3.7 Installation in
— |1 FLASH/MTS/XFEL
/ l‘/ \ J I .
m DESY |juum low level radio frequency LLRF 07, KnOXV”Ie, TN, OCt 22'25, 2007 —
\ A ‘l / |



— Defining Deliverables (1) —
Total
Phase Phase description Month/ mont Date
phase hs

Ph. 0 | Project plan (MS Project) Om Om |09/2007
Ph. 1 | Requirements (Rhapsody, Doors) |1-2 m 1m | 09/2007
Ph. 2 | Conceptual design 1-2 m 2m | 10/2007
Ph. 3 | R&D of critical components 1-6 m 6m |2/2008
Ph. 4 | Specification 2-3m o6m |2/2008
Ph. 5 | Detailed design (documentation) 1-6 m 8m |4/2008
Ph. 6 | Prototype 1-3'm 12 m | 8/2008
Ph. 7 | Evaluate prototype in lab. test 1-2m 14 m | 10/2008
Ph. 8 | Evaluate prototype in accelerator | 1-2 m 14 m | 10/2008
Ph. 9 | Improve design 1-2 m 17 m | 01/2009
Ph. 10 [ Repeat 7-9 until design is finalized | nx(1-3)m | n=0 n=0

LLRF 07, Knoxville, TN, Oct. 22-25, 2007 —




— Defining Deliverables (2) —

Month/ Total
Phase Phase description month Date
phase S
Ph. 11 | Procure components 1-2m 18 m | 02/2009
Ph. 12 | Produce several pre-production 1-6 m 20 m | 04/2009

systems
Ph. 13 | Perform quality control of fab. systems | 1-2 m 26 m | 10/2009
Ph. 14 | Evaluate systems in test stand (report) | 1-2 m 28m | 12/2009

Ph. 15 | Full production run 1-6 m 30m |[02/2010
Ph. 16 | Quality control 1-2 m 32m |04/2010
Ph. 17 | Install systems 1-4 m 36 m |08/2010
Ph. 18 | Commission systems 1-4 m 40m |12/2010
Ph. 19 | Operate systems not spec. ? ?
Ph. 20 | Maintain systems not spec. ? ?
Ph. 21 | Upgrading systems not spec. ? ?
= 89 fropeeden | LLRF 07, Knoxville, TN, Oct. 22-25, 2007w
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The European

Free-Electron Laser

X-Ray Laser Project xray

Examples for basic design vs future upgrades

Item

Basic

Upgrade

M.O. and Distribution

* MLO as diagnostic for
MO stability

Automatic failover with
MLO.

Downconverters and
Digital Feedback

 Partially redundant FF

e Cal. Ref. for selected
reference channels

 Fully redundant
feedforward

e Calibration reference for
all channels

Controller * Field detection from  State estimator using
Probe forward/reflected wave
* GDR and SEL mode « Downconverter
e FF and Fdbck linearity correction
Automation » Basic fault recovery * Intelligent fault recovery

» Applications to assist
operator

» Automated state
transition

Stefan Simrock, DESY
IKRC Meeting., Sept. 24, 2007

gHELMHGLTZ

I GEMEINSCHAFT 32



The European

Free-Electron Laser

X-Ray Laser Project xray

Examples Basic/Upgrade (C’tnd)

Item

Basic

Upgrade

Diagnostics

» Diagnostics for HW/SW
component failures

» Diagnostics for
component degradation

» Sophisticated problem
diagnostics incl. locating
problems in other
subsystem

High availability

» Basic exception
detection and handling

» Basic SEU immunity
in IPMI

» Advanced exception
detection and handling

 SEU immune controller
* Robust applications

Stefan Simrock, DESY
IKRC Meeting., Sept. 24, 2007

gHELMHGLTZ

I GEMEINSCHAFT 33




The European XFEL

X-Ray Laser Project xray

Examples: Basic and Advanced Use Cases Acc. Section

Basic Use Cases

« Set and maintain beam end energy or energy gain and phase of
accelerator section

« Stabilize end energy with use of beam based feedback
* Monitor radiation levels (neutrons and gammas) in real time

Advanced Use Cases

 Limit field emission and cryo heatload

* Provide rf pulses for machine studies

« Conditioning of cavities/couplers

» Assess performance and limitations of accelerator section

 Diagnose problems and identify the source especially if beam
guality Is unsatisfactory.

Stefan Simrock, DESY g HELMHOLTZ
IKRC Meeting., Sept. 24, 2007 IGEMEIHSCHAI-‘I‘ 34



The European XFEL

X-Ray Laser Project xray

Examples: Basic and Advanced Use Cases RF Station

Basic Use Cases

Establish moderate RF power and cavity gradients
Enable and perform measurements of all LLRF relevant signals
Stabilize fields for beam operation

Advanced Use Cases

Stefan Simrock, DESY g HELMHOLTZ

Set parameters to maximize availability during beam operation
Optimize parameters for best beam stability

Assess performance and performance limitations of rf station
Diagnose problems and identify the source (hardware/software)
Detect and handle exceptions

IKRC Meeting., Sept. 24, 2007 IGEMEIHSCHAI-‘I‘ 35




The European XFEL

X-Ray Laser Project xray

Examples for Scenarios

Coarse tuning of cavity resonance with motor tuner
Compensate Lorenz force detuning

By-pass (and un-bypass) cavities

. Adjust klystron HV for sufficient power margin

. Set correct timing

.. If gate, rf pulse, klystron HV, flat-top with respect to beam
6. Limit field emission in cavities

7. Apply adaptive feedforward

8. (Re)-start missing or faulty lIrf servers

9. (Re)-calibrate rf station

10. Calibrate vector-sum with full beam loading

11. Correct downconverter linearity

12. Klystron linearization

g wN e

Stefan Simrock, DESY g HELMHOLTZ
IKRC Meeting., Sept. 24, 2007 IGEMEIHSCHAI-‘I‘ 36



LLRF System based on ATCA
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ATCA crate pictures

Physical Atfributes of ATCA Platform

Redungant mulfin fane [ placey)
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WEERN Depicted hers is an outline of the physical atiributes of the ATCA platform. ATCA
provides: higher capacity and the ability to i various types of modules and technokgies
to shable the convergence of multiple types of squipment and multiple applications in ane
platiorm. It atso allows rearmountsd medules. parmitting added unctionality par slot or
raar interface cabling.




TCA=  LLRF System Based on ATCA
the Carrier Board

Ny

\ <N/

Characteristic signals for the
LLRF system

J
AMC Boards: |
»ADC (8 inputs) §
*Timing § )
*VM \ K
- X
*Communication § )
module § )
*Piezo controller N %
*Diagnostic ADC :,.
»Digital 1/0 S
o'
(X)
RTM Modules: | | :
»32 ch. down-converter ’f
)
(<)
pro2to )

Santa Clara, CA USA Tomasz Jezynski — DESY
October 2007 email: tomasz.jezynski@desy.de 12



TCA=  LLRF System Based on ATCA

surmmil

the Connector

- Connector A+B+ (Yamaichi)

. Attenuation: <1dB at 8GHz and
<2dB at 12GHz

. Return Loss: <20dB at 5GHz
and <13dB at 8GHz 7L pon

Style A+B+

- Separation of analog and Cék' 10 diff. pairs

digitals signals | Trig. for low
Analog signals DSP 3@”85 sigpals latency link

e RR Inin NN [E] [BEM [BEs] [Es] [ CC CcC CC PP PP PP PP PP
P (NN | O B In Ip [ In Ip e In Ip @ In I BBl n p np np np np np mnp np
n p n.p 1 1 2 2 3 3 4 4 11 Bz (2 B3 (3 [SHGHIE e S
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Santa Clafa, CA USA Tomasz Jezynski — DESY
October 2007 email: tomasz.jezynski@desy.de



A= LLRF System Based on ATCA
the Carrier Board

S = Analog and digital lines are
- 6 x 10 differential lines for IF (p-t-p)

- 6 RF output 1.3 GHz for VM separated
- reference clock — 1.3 GHz (multi drop)
- coded clock — 2.6 GHz (multi drop) )
— #« @ For analog signals and fast

digital lines strip-lines are
designed

Analog signals

PPPPP

NN I OHAIIN)

25x25
User FPGA mm
FF1513

g DEEA .mm

- m m m m
Power |8 Power (§f Power |i§| Power
reg. reg. reg. reg.

Santa Clara, CA USA Tomasz Jezynski — DESY
October 2007 email: tomasz.jezynski@desy.de

S e

A\ =N/

15



TCA=  LLRF System Based on ATCA

the Carrier Board — clk. distr.
3 x clock & 3 x trigger signals generated

at any AMC slot must be distributed to
each AMC slot and others carrier boards

s. VDS bus
* bidirectional buffers
~ OE
-~ DIR
ZXXXXZXXYER% XX KX XX XX XX XX
|:] CCCCC ﬂBDQ
U ccccc ﬂ]sm
|:] CCCCC ¢BDQ
0 CCCCC ﬂBDﬂ
- I | | [ Iy
N SR cl. <.
HeAdvamd::d: aaaaaaa ” [[AMC ][ AMC | [ AMC | [ AMC | [ AMC ] AMC
Santa Clara, CA USA Tomasz Jezynski — DESY 20

October 2007 email: tomasz.jezynski@desy.de




Research on Software for ATCA-LLRF
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Future LLRF development at FLASH
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Distributed Control System

SIMCON 4
Concentrator board

8xOptoLinks

*Distributed control system for ACC1 at
FLASH

3xSIMCON-DSP for probe signals, forward
and reflected power

1XSIMCON-4 as a concentrator board for
DAQ and data processing

Universal optical communication links for
data transmission

2x0OptoLinks

SIMCON-DSP
Controller

BxADC - Probe |

2xOptoLinks

SIMCON-DSP
Data Recording

2xOptoLinks
SIMCON-DSP
Data Recording

BXADC — Power For

| BXADC — Power Ref |

In cooperation with: Wojciech Jalmuzna and Adrian Antoniewicz



ACB2 — test board for new DWC
aqd ﬁBeam Based Feedback

N

sl >N I 1 *Universal carrier board with QSE

[ aoc2 Y|l connectors
g I — I VRTEX 17RO | (|8 Daughter boards: vector modulator, down
5 [ ancs U] PO i converter, 1Q detectors, fast ADC board
#| [_soce ] Test bench for new 1Q detection schemes

ADC7 | _ ]
| [ ancs SEM SEM with higher IF (10-100MHz)
LEE Platform for test of beam diagnostic and

beam based feedback

daughter board carrier board

in cooperation with:

Wojciech Jalmuzna, Adrian Antoniewicz, Karol Suchecki,
Frank Ludwig, Matthias Hoffmann




DSP - FPGA Interface and tools

TigerSharc — Virtex Il Pro

Fast DSP links (1.2Gb/s) for massive “after pulse” data
transmission

Diagnostic console forwarded through VME

Remote DSP booting and configuration

Integration of DSP memory space with existing FPGA
memory description




RF cavity simulator status

Based on SIMCON DSP board (10 input ADC, 8 DAC, bigger
Xilinx — 2vp50, DSP, PPC)

Cavity model with LFD, probe, forward and reflected power
signals

Simulation of klystron nonlinearity
CW operation

Beam loading

Fast response (<100ns)

Quenches and piezo (under development)






