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XFpEL Requirements for the Machine protection System

Protect accelerator components from damage
Facilitate easy handling of machine
Impair machine operation only if necessary

Limit activation of accelerator components to preserve
functionality and maintainability

Beam time will be high in demand, the goal should be to
limit downtimes to their necessary extent

MPS should be highly reliable and “user-friendly”

MPS should be as simple and flexible as possible
Incorporate good experience from FLASH MPS

Personal safety is not covered by MPS — separate system
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XFEL ]| Beam loss detection at FLASH

~90 Photomultipliers
distributed over the
accelerator with different
types of scintillators
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XFEL | Beam loss detection at FLASH

4 pairs of toroids with
electronics detect beam
losses in the machine

System complements
beam loss detection by
photomultipliers
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XFEL] FLASH MPS: PLC based system

PLC collects 300 signals
Reaction time in range of ms
Power supplies

Screens, wirescanners
Water flow and temperature
Vacuum Valves

Beam Loss Monitors

Toroid Protection System
Collimators

Low Level RF status
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XFEL | FLASH MPS: Fast alarm signals

E Tl ce—

Fast alarm collectors
Directly connected to injector laser

90 Beam Los Monitors

16 Toroid protection channels
Reaction time of 2 us (cable)

Modules are read out and
controlled by PLC

Input channels can be masked out
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XFpEL FLASH: Operation Modes

ANALYSIS Mode
GUN »

BYPASS Mode

GUM & ACTL c38 BCZ  ACCZ ACCS BC3 ACCA ACCSH ACCE ACCT Collivn, \D\

FEL Mode

GUN & AT 239 BC2 ACCZ ACCI EBC3 ACCY ACCS ACCHE  ACCY Collim. Undulator -,

MPS determines operation mode from machine settings
Operators set magnets and vacuum valves, MPS reacts
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XFEL| XFEL Architecture

-
D o EoosterI EC] Eooster I EC2 Iain Linac Collirnator
T Drurnp
I_10__ gl g1 kiCkEl’B
- |3 &4 SASE 3
Injector I distribution
kicker

2 independant injectors

Superconducting linac with 3 bunch compressors
3 Electron paths with beam dumps

5 Photon beamlines
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XFEL | Reaction times

BC1 160 m -1810 m 7

Linac center 1040 m -930 m 44

Beam distribution 2010 m 40 m 2

~50 bunches are in the accelerator
Signal transport from dump to injector 20 s
~50 bunches generated before laser is blocked

Using beam dump kicker reduces the number of lost bunches in the
SASE undulator sections

06.06.2012, MPS Workshop, CERN '/EE&S&\‘ ﬁ HELMHOLTZ
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XFpEL Machine Protection Architecture

ITaster 1

LJaster 2

i MES slaves
|
—a

| | M 2]
-———----- l,fI Booster I ECl Booster I BC2 Idain Linac Collimater
————— ] —a o~

S | T|_L\I_LI_"I Durap
IR R kicker
Injector IO '

Eeam SASE 3
distribution

kicker 4+

Distributed System with yTCA modules

MPS Master Modules at Gun and switch yard / dump kickers
Optical fiber connections between MPS modules

MPS can act on injector laser to stop production of electron beam
MPS can dump beam if dump beam line signalizes readiness
Defective input channels can be masked out
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XFEL ] MPS topology

MPS distributed system at XFEL

(schematic mixed (star and daisy chain) topology)
3 km, about 100 MPS AMC slave boards }

A

| Digital In Digital outf WMl | Digital In |Digital Outf | Digital In Digital Outf | pigital In Digital outf WMl | Digital In |Digital Outf | Digital In Digital Outf
MPS MPS MPS 1 MPS
module module module module
SFP SFP [ SEP SFP L]

7\ A A A

Y IV 1Y YV VY

SFP|fr [SFP SFPm |SFP
VRS moster | 2km » | WP masie
module module

Master Board 1 Master Board 2

- Switch
InJeC’ror‘ Ve
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XFEL|Beam Loss Monitors

A distributed system of detectors to monitor secondary
particles originating from lost beam electrons

Signal above threshold leads to an alarm — MPS
2/3 of detectors in Undulator Areas

N T _H-:.
Injecter I A '
. bl - —

= Boosier | : = Booster I A, Linac Linac U4
= ! [] = [ _--'_| E:"':-_ .l
o '-'E H 'ﬂﬂ g = B oah- Bl
‘"“hb SASE * \

Injectar |
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XFEL ] Toroid System: TPS principle

Machine Protection System (MPS)

] Beam

‘ abort

. alarm
M‘fereme X Toroid < (RS422)

Bunch pattern:
demanded

(fibre link) 4 charge per bunch

Check difference

Check difference

Control and Timing System

“Toroid Protection System® (TPS) is one application of the Toroid system:
Compare charge (bunch by bunch) of neighbored Toroids: abort beam if difference is too large

Compare beam intensity with requirements from control system: abort beam if charge too high or too
low (too low can mean beam loss at previous section)

,’;‘g;ﬂ ﬁ HELMHOLTZ
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XFEL | Toroid system: Redundancy, Availability

Chain A

First Toroid K\ m Last Toroid

U u Check difference

Chain B

Redundancy for the TPS functionality is added by interleaved fibre
chains.

If one Toroid fails (except the very first or very last device), the
accelarator can still be operated with full TPS protection. This
results in high availability.

06.06.2012, MPS Workshop, CERN ,_’;5?\ # weLmnoLrz
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XFEL | Stop beam with acousto-optical modulator

Possible solution: cw pulse train conversion into UV, then definition of
pulse trains with UV pulse picker — stable temperature of BBO crystal

= Important: pulse picker must not show same effect as BBO crystal
Candidate for pulse picker: Acousto-Optic Modulator (AOM)

= Principle: Diffraction of laser beam at acoustic wave

Diffracted Beam

Incident Beam
15 Order Output

Transmitted Beam
0t Order

Transducer

RF Input —_

Acousto-optical Modulator deflects laser beam

Good method to stop beam in XFEL without affecting laser
temperature stability

06.06.2012, MPS Workshop, CERN L.’E:SE ﬁ”‘iéé‘o"c?ﬂ&
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XFEL | Operation Mode

Operation mode, sent to timing master

SASE line
I-T 2 1 2 3 = 5 3] T 2 =] 10

L1 Bl L2 BC2

Operation Mode is determined from magnet currents, vacuum
valves and photon beamline status

Operation Mode describes paths electrons can take
Status is sent to Timing System

06.06.2012, MPS Workshop, CERN ,_’gg;\ # weLmnoLrz
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XFEL ]| Beam Modes (1)

MPS collects limitation signals from accelerator components
BC beam dumps allow only few bunches

Inserting screens into course of beam — limit to single
bunch operation

Experiments and photon beamlines have to inform MPS
about limitations — how many bunches allowed?

MPS can not calculate yJd into number of bunches
MPS forwards this information to the timing system

Timing system processes this information and distributes
bunch patterns to injector lasers, LLRF, TPS, TDS, beam
switch yard and other important systems

06.06.2012, MPS Workshop, CERN (38)  wewnourz
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XFEL | Beam Modes (2)

Fooster I EC2

Booster I BC1

[) ]_]I]]_P

kickeT pean SASE 3
distri bution
kicker 4
6: SASE 6 et al (future)
Beam mode (32 bit vector): 7: SASE 7 et al (future)
1 2 3 4 5 5 7
11 I2 L SASE 1 SASE 2 SASE 6 SASET not used

[1]1]1]1]cloolo]a]a]a]a]a]a]1]ol1]ele]c]c]o]o]o]a]a]e]a]a]a]a]a]

Single bunch —f
<=30 bunches

< 300.. 1500 bunches
Full bunch train
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XFEL | Beam Modes (3)

O

MPS needs to know which branch is active - 14 505
MPS needs to know where pulse lases (requires R&D)

15 SCS

15 experiments in 5 SASE beamlines, 5 experiments with
different beam requirements operated at the same time

SASE 1 and SASE 3 get the same electron beam

06.06.2012, MPS Workshop, CERN ._}E‘S;} # veLmnovrz
Martin Staack, DESY
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XFEL ] Signals to MPS from accelerator

Cold Magnets 200
PS Master 50
Modulator 25
Klystron 25 25 and additional:
LLRF 25 50 Dump
Cryo / Vacuum 25 Watercooling
_ Collimator temp
Coupler interlock 120 120
OTR screens 160
Wirescanner 80 20

Toroid protection 160

BPM 120
BLM 350
Laser / Switchyard 20 20

~2000 alarm signals are collected, RS422 technology
Coupler interlock: distribution of vacuum and cryo information

06.06.2012, MPS Workshop, CERN (587 werwwourz
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XFEL ]| MPS modules in cold section

SectionjBuilding |Room Z[m] |ACC |Rackiype IT _|IT |MPS |RTM |Patch |Timing [IN OUT-B [OUT

" SE UG04-024 0 DIAG F 2 2 1 53 ContrSys WP28 1xBPM BLM: 2x4 2xOTR: 11x4

" XTIN 30 1[LLRF Master |HV |F 1 1 3 7 1 8|ContrSys WP28 PinDiode 1 Out LLRF 1In/10ut Coupler-Int 5In/60ut

n XTIN 33 1[RF F Klystron 1In/10ut I
1] XTIN 36 1[LLRF Slave F 1 1 2 2 1 7|PinDiode 1 Out LLRF 1In/10ut Coupler-Int 2In/60ut

n XTIN 47 DIAG F 1 1 1 25 ConirSys WP28 1xBPM BLM: 2x4 TPS: 4x4

n XTL 100 DIAG F 1 1 1 42 ConirSys WP28 2xBPM OTR: 2x4 BLM: 4x4 TPS: 2x4
L1 XTL 117 PS /Wac F 1 ‘BxMagnet GP & TSP

L1 XTL 123 2|Cryo / Vac F Is0 & Schieber 2xBPM Kryogenik 2xCouplerMot

L1 XTL 127 2|LLRF Master F 1 1 1 1 1 1[PinDiode 1 Out LLRF 1In/10ut

L1 XTL 131 2|LLRF Master [HV |[F+O 1 1 3 T 1 8|ConirSys WP28 PinDipde 1 Out LLRF 1In/10ut Coupler-Int SIn/G0ut

L1 XTL 138 2|RF F Klystron 1In/1Qut

L1 XTL 160 2|LLRF Slave F 1 1 2 3 1 7|PinDiode 1 Out LLRF 1In/10ut Coupler-int 2In/60ut

L1 XTL 163 2|LLRF Slave F 1 1 1 1 1 1|PinDiode 1 Out LLRF 1In/10ut

L1 XTL 167 2|Cryo/Vac F Cryo 10 & Schieber

B1 XTL 177 DIAG F 1 1 1 14 ConirSys WP17 2xBPM TPS: 1x4 BLM: 2x4

B1 XTL 179 SDIAG F BAM1 EOD1

B1 XTL 188 SDIAG E-BPM SREM

B1 (XTL 204 SDIAG F 1 [ContrSys WP18 BAM2Z EOD2 IT/Patch

|B1 XTL 208 DIAG F 1 1 1 26 ConirSys WP17 2xBPM TPS: 1x4 BLM: 2x4 OTR: 3x4
[B1 [XTL 211 SDIAG F Pyro TDS

[B1 XTL 213 WVacuum F GP & TSP Is0 & Shutter

|B1 XTL 216 DIAG F 1 1 1 33 4|ContrSys WP17 1xBPM WS :4x2In/10ut BLM: 2x4 OTR: 4x4
|B1 XTL 218 KICK HWV |F 1 ConirSys WP28 Kicker

|B1 XTL 221 DIAG F 1 1 1 25 8|ContrSys WP17 1xBPM WS: 8x2In/1Out OTR: 2x4

B1 XTL 223 DIAG F CRD

L2 XTL 238 3[Cryo / DIAG F 1 1 1 14 ConirSys WP17 2xBPM TPS: 1x4 BLM: 2x4 Cryo
L2 XTL 244 3[Vacuum F GP & TSP

L2 XTL 246 3[LLRFMaster |HV |F+O 1 1 3 7 1 8|ConirSys WP28 PinDiode 1 Out LLRF 1In/10ut Coupler-Int SIn/60ut

L2 XTL 253 3|RF F Klystron 1In/1Qut

L2 XTL 276 3|LLFRSlave F 1 1 2 3 1 7|PinDiode 1 Out LLRF 1In/10ut Coupler-Int 2In/&0ut

L2 XTL 280 3|Spare

L2 XTL 283 3[PS / Vac F 1 ‘@xMagnet GP & TSP

L2 XTL 294 4|LLRFMaster |HWV |F 1 1 3 12 1 8|ConirSys WP28 PinDipde 1 Out LLRF 1In/10ut Coupler-Int 2In/60ut

Lz XTL 302 4|RF F Klystron 1In/1Qut

L2 XTL 324 4|LLFR-Slave F 1 1 2 11 1 7|PinDiode 1 Qut LLRF 1in/10ut Coupler-int 2In/60ut

L2 XTL 331 4|PS F 1 ‘BxMagnet

L2 XTL 334 4|PS F 1 ‘BxMagnet

L2 XTL 342 S[LLRF-Master |HV |F 1 1 3 12 1 8|ConirSys WP28 PinDipde 1 Out LLRF 1In/10ut Coupler-Int 2In/60ut

L2 XTL 350 5|RF F Klystron 1In/10ut

Lz XTL 37z S[LLFR-Slave F 1 1 2 3 1 7|PinDiode 1 Out LLRF 1In/10ut Coupler-int 2In/60ut

L2 xTL 379]  5|Cryo/Wac F Cryo Iso & Schieber

B2 XTL 388 DIAG F 1 1 1 14 ConirSys WP17 2xBPM TPS: 1x4 BLM: 2x4

|BZ XTL 390 SDIAG F BAM1

MPS modules modules in LLRF Master and Slave Racks

ﬁ HELMHOLTZ

‘ ASSOCIATION

06.06.2012, MPS Workshop, CERN
Martin Staack, DESY




Experience from Machine Protection in FLASH, lessons for XFEL

European

MPS in undulator sections

[SASE2 [XTD1 2217 Rack

SASE2 [xTD1 2223 DIAG I 1 1 17 ContrSys WP17 1xBPM BLM: 4x4
SASEZ |XTD1 2229 Vacuum

SASE2 [xTD1 2235 DIAG MBU EPM

SASEZ2 [xTD1 2242 T F Patch

SASE2 [xTD1 2248 DIAG MBU EPM

[SASEZ |XTD1 2254 Vacuum

|sasE2 [xTD1 2260 DIAG MBU BPM

[saSE2 [xTD1 2266 Rack

|sasE2 [xTD1 2272 DIAG | 1 1 17 ContrSys WP17 1xBPM BLM: 4x4
[sASE2 [xTD1 2278 \Vacuum

|sasE2 [xTD1 2284 DIAG MBU BPM

[sasE2 [xTD1 2290 Rack

|sasE2 [xTD1 2296 DIAG MBU BPM

|sasE2 [xTD1 2303 \vacuum

|sasE2 [xTD1 2309 DIAG MBU BPM

|sasE2 [xTD1 2315 T F Patch

|sasE2 [xTD1 2321 DIAG | 1 1 17 ContrSys WP17 1xBPM BLM: 4x4
|[sasE2 [xTD1 2327 \vacuum

|sasE2 [xTD1 2333 DIAG MBU BPM

|[sasE2 [xTD1 2339 Rack

|sasE2 [xTD1 2345 DIAG MBU BPM

|[sase2[xTD1 2351 \vacuum

SASE undulator section: MPS modules are hosted by
diagnostic crates with BLM, TPS and BPM electronics

06.06.2012, MPS Workshop, CERN %) # LT,
Martin Staack, DESY o
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XFEL | XFEL MPS will be tested at FLASH i

Maater

LLEF
ACCASA
ACCES]
MFE slaves
Laser | Gur/ACC1 LLRFE BLM
ACCIA
_.'.J i ’—/‘B\ TS, FLC Collimator
FLASH
. [ ]
I
GUN ACC1Rg BC2 ACCAS B3 ACCAS ACCES
Beam Undulators
distobution
acker FLASHIO

XFEL MPS modules take care of new beam line and LLRF, Laser
XFEL MPS will be master of the system
2 years before XFEL startup we will gain experience at FLASH Il

06.06.2012, MPS Workshop, CERN ,./ggg\‘ # weLmnoLrz
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XFEL | Beam Modes for FLASH Il
Laser
]_ Collimator 3
E%EIBEHB et BT LA
SN ACCL1MRY BC2 ACCAS EBEC3 ACCAAS ACCEST
2 Beam Tndulaters

distribution
Kicker FLASHII
Beam mode (32 bit vector):
1 2 3 4 5
SN ANATYEIS FEL 1 FEL 2 FEL 3 not used not used not used

1]1)1]1]olololol1]1]1]a]1]1]1]0]l1]o]o]ololo]lolo]ololalo]olala]o]

Single bunch —,
<= 30bunches
< 3001500 bunches

Full bunch train

Beam Modes similar to XFEL — only 1 system to be maintained

06.06.2012, MPS Workshop, CERN (382 weLmnoirz
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XFEL ]| Radiation monitoring

! slable frondend :
- of channels
external
J—_ - - of resdout
v dosimetry e odules
SENS0rs - i ir.;
(e.g. at
T undulators) B
R — analog -
BRNs0r-
signals
Fhamor /e
— = o IE
readout
%E._'% 5‘.:.‘.':‘:3 module E__:'E.E External
o - T - | [ {outside of
1' f 1‘ f RS483 RS4835 1‘ 'r electronic rack)
Yy v Internal
{nMa"hPS-r] Alarm s internal {inside
Host-System - dosimetry electronic rack)
TIiozin DAMG 2 SENsOrs
connection MPS) 1*C | | ——
to the XFEL b - Saome
control FMC-Modula
system

Frontend module connections and cabling

Radiation monitoring hosted by MPS module
Detection inside Racks and external in XFEL tunnel
Alarm generation via MPS

06.06.2012, MPS Workshop, CERN (38 vermnoLrz
O | ASSOCIATION
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XFEL | Hardware status and schedule

Production of first series of DAMCO02 board has started

MPS Rear Transition Module goes into production mid of May
Tests at FLASH in 2012, installation and commissioning in 2013
Installation at XFEL injector in 2013, commissioning in 2014
Installation in XFEL tunnel and experimental hall in 2014
Commissioning and start of operation in 2015

MPS DAMC2, FPEA madules

SFP 1

SFP 2

SFP 3

SFP 4

06.06.2012, MPS Workshop, CERN (5%) # weLmnorz
Martin Staack, DESY \
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XFEL | Summary

MPS for XFEL is a distributed system

FLASH MPS is a centralized system

Simple and flexible structure of logic has proven
Automatic detection of operation and beam modes
Remote configuration and masking of defective channels

XFEL MPS will be used for FLASH after upgrade, we will gain
experience before applying MPS to XFEL

MPS at FLASH did not appear in failure statistics

Same philosophy, different technology

FLASH converted from a Test Facility to a User Facility
We learned a lot from High Current Runs for ILC
Important subsystems have to be “inhouse developments”

06.06.2012, MPS Workshop, CERN HELMHOLTZ
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XFEL

Thank you for your attention!
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