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European XFEL Parameters

Electron beam energy:
Bunch charge:

Pulse repetition rate:
Pulse length:

Bunches per pulse:
Bunch repetition rate:

Most electronics located in the tunnel

Injector

Bunch compressor
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Beam dumps

Since there are up to 2700 bunches/train in the machine, the main goal of the BLM system is to cut the bunchtrain as fast as possible

to protect the machine from damage
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BLM System Setup
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Plastic scintillators
HV: 0V — 900V

8 channels/RTM
ADC: 14 bit @ 45MHz
RJ-45 connectors

Bunch by bunch resolution

‘ Scintillator

I B Y European XFEL
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éto Control
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Beam Loss Monitor
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DAMC2, DESY Advanced Mezzanine Card
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13 bunches @ 1.13MHz rep. rate
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BLM System Setup

T3: U1, T5, U2, T5D:
98 BLMs 80 BLMs 20 BLMs
TSD 2 |
11, BCO: BC1, BC1D: BC2, BC2D: - u2 e
24 BLMs 18 BLMs 23 BLMs U1 e a 7
3 g § / TS
I Li T1 -~
=& |
- e
BC0 BC1 BC2 CL TL
11D BC1D BC2D e T4 m
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CL,TL, T1,T2: T4: T4D:
71 BLMs 80 BLMs 48 BLMs 10 BLMs

Most BLMs in undulator area, each undulator intersection equipped with two BLMs
A total of 472 BLMs are installed
Cable-connected to 78 RTMs in 58 yTCA crates located in the tunnel
All BLMs connected to the Machine Protection System (MPS)
= Stops beam production at the photoinjector gun

1 European XFEL

Explanation:

1 - Injector 1

11D - Injector Dump

L1 - Linac 1

BC1 - Bunch Compressor 1

BC1D - Bunch Compressor 1 Dump(Line)
L2 - Linac 2

BC2 - Bunch Compressor 2

BC2D - Bunch Compressor 2 Dump(Line)
L3 - Main Linac

CL - Collimation Section

SA1-3 - SASE Undulator Sections
UN1-2 - Spontaneous Radiation
Undulator Sections (not equipped yet)
T5D - Main Dump(Line) in XTD5/XSDU1
T4D - Main Dump(Line) in XTD4/XSDU2
T1 - (straight) e-beam line

T2 - (straight) e-beam line

T3 - (straight) e-beam line

T4 - (straight) e-beam line

T5 - (straight) e-beam line

T6 - SASE-2 photon beam line

T7 - UN2 photon beam line

T8 - UN1 photon beam line

T9 - SASE-1 photon beam line

T10 - SASE-3 photon beam line

oo O
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BLM Integration Examples

In front of linac 3

BC2 line _ _
BN B 7 European XFEL Undulator intersection # neLmnovtz

‘ASSOCIATIDN




17th International Conference on Accelerator and Large Experimental Physics Control Systems, 10 Thomas Wamsat, The European XFEL Beam Loss Monitor System
October 2019

BLM Integration Examples

BC2 line _ _
BN B 7 European XFEL Undulator intersection # neLmnovtz
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BLM Integration Examples

In front of linac 3'

BC2 line _ _
B W 0 European XFEL Undulator intersection @ weLmmoLtz
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BLM GUIs
p— Main Overview Panels

- BCO/BC1/BC2
Bunch train max: Q for up to B2 dump Personal interlock: XTL Beam Permission .
= Alarms shown by section

Magnets

SASE1 experiment setup [y

) INJECTOR

B-17 11:59:27 Op mode: B2 dump mode

BT 11:58:08 Op mode: B2 dump mode

Bunch train max: é for up to B2 dump Personal interlock Injector Beam Permission
Infrastructure Feedbacks Magnets Infrastructure Feedbacks
Cryo: Compression: @ BCO @ BCo

Orbit L1:
Gun-B2D:

Vacuum:
Orbit L2:

Injector Lasers

P-cell: fi' Traln cut for L2 of Acc Cryo:

Shutter: B2 dump mode release Orbit INJ

Shutter:  Laser 1 closed RECULIR RS
Bunches: 1@1.13 MHz

Charge: On 0.250 nC

1@100 %

22 701.8 MeV
852.71 MV A3.L2
\ 33.5 deg 33.5 deg 33.5 deg

626.63 MV 730.87 MV ASL2  702.84 MV

(-7 L [
o 1@0.25 nC 1@100% 1@100%
=
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uf - - -
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22128.3 MeV

24.2 deg

22 130.4 MeV
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BLM GUIs

1:27 Op mode: B2 dump mode

SASE1 experiment setup [y

Bunch train max: (@) for up to B2 dump Personal interlock Injector Beam Permission

Injector Lasers Infrastructure Feedbacks Magnets

P-cell: fi' Traln cut for L2 of Acc Cryo:
Shutter: B2 dump mode release
Shutter: Laser 1 closed

Bunches: 1@1.13 MHz

Charge: On 0.250 nC

Vacuum: Orbit INJ:

’ e o
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58.0 MV/m
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) BCO/BC1/BC2

AT 11:58:08  Op mode: B2 dump mode

SASE1 experiment setup E

Bunch train max: ° for up to B2 dump Personal interlock: XTL Beam Permission

Infrastructure Feedbacks Magnets
Compression: @ BCO @ BCo

Orbit L1: Permit:

Vacuum: -B2D:
Orbit L2- Gun-B2D:

Cryo:

1@100 % 1@99 %
23 701.8 MeV
£52.71 MV A3.L2

25 2404 MeV
_ TDS

626.63 MV | | A4.L2 730.87 MV A5.L2

24.2 deg \ 33.5deg 33.5deg 3.5 deg

702.84 MV

22 130.4 MeV

BLM & toroid Alarm Overview

Thomas Wamsat, The European XFEL Beam Loss Monitor System

Main Overview Panels
Alarms shown by section

= Shows alarms from all BLMs and toroid (bunch charge

monitor) based transmission Interlock
= Each BLM selectable from this panel
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BLM GUIs

127 Op mode: B2 dump mode Bunch train max: (@) for up to B2 dump Personal interlock Injector Beam Permission

SASE1 experiment setup [y

BCO/BC1/BC2 SASE1 experiment setup E Main OverVieW Panels

BT 11:58:08 Op mode: B2 dump mode Bunch train max: Q for up to B2 dump Personal interlock: XTL Beam Permission

Infrastructure Feedbacks Magnets u AI a rm S S h OW n by Se Cti o n

Cryo: Compression: @ BCO @ BCo

Injector Lasers Infrastructure Feedbacks Magnets

P-cell: A' Train cut for L2 of Acc Cryo: Charge: On 0.250 nC
Shutter: B2 dump mode release
Shutter: Laser 1 closed
Bunches: 1@1.13 MHz

Orbit L1: Permit:

Vacuum: -B2D:
Orbit L2 Gun-B2D:

Vacuum: Orbit INJ:

1@100 % 1@100 % 1@98 %
25127.7 MeV 25 701.8 MeV 25 2404 MeV

deliime 18100% 12100 % A2L1 65271 MV A3L2  62683MV| A4L2  TI0.87MV| ASL2 70284 MV R

158 us
58.0 MV/m

[= =]
y, TDSIn
— Al 143.43 MV AH1.1 18.57 MV [=] o I o o

11.7 deg e aieg 231283 MoV \

24.2 deg \ 33.5 deg 33.5 deg 33.5deg

XFEL BLM.180R.B1

BLM.180R.B1/SIGNAL.TD; Buf=203382211
16

22 130.4 MeV

» A beam loss

A

N W BLM & toroid Alarm Overview 08 darkcurrent producged in
& e superconducting cavities

S———— S o e B » Shows alarms from all BLMs and toroid (bunch charge .
e : : : 02
s - —— o monitor) based transmission Interlock i —
555555 e . 400 600 1000 1200 Mﬂﬂ
i = Each BLM selectable from this panel e
T T S Single ADC Thes | 8000
Single Slow protection ~ Cnt Thrs 3000 2

13 of allowed 309

B L IVI P I Mult ADC Thvs | 80001
a n e Multi Slow protection Cnt Thrs | 3000 >

nsec [suizsrsme | sunzsrse) . . . Integral ADC Thrs [" E 23M ADC Thrs ‘ 40}:14‘
e e A A 3 1 . e A Bt = Device settings (current consumption, HV readback) et S proteion_en 1 |_So]
Single2 Slow Protection Cnt Thrs | 10000 0
= Alarm thresholds Comsars ]

MPS testsignal O

= Y-axis normalized to single alarm threshold o1 P oupu
Slow Protection Reset

BLM power subsystem Testpuls LED
[ BLM Voltage: 555 v sp _off|
Current 5.9 480=] TP stat TPlength  Pedestal

FeedbackHV): 4448 JONJOFE| | 35000 [ 100f] |43
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BLM GUIs

127 Op mode: B2 dump mode Bunch train max: (@) for up to B2 dump Personal interlock Injector Beam Permission

SASE1 experiment setup [y

BCO/BC1/BC2 SASE1 experiment setup E Main OverVieW Panels

BT 11:58:08 Op mode: B2 dump mode Bunch train max: Q for up to B2 dump Personal interlock: XTL Beam Permission

Infrastructure Feedbacks Magnets u AI a rm S S h OW n by Se Cti o n

Cryo: Compression: @ BCO @ BCo

Injector Lasers Infrastructure Feedbacks Magnets
P-cell: A' Train cut for L2 of Acc Cryo: Charge: On 0.250 nC
Shutter: B2 dump mode release
Shutter: Laser 1 closed
Bunches: 1@1.13 MHz

Orbit L1: Permit:

Vacuum: -B2D:
Orbit L2 Gun-B2D:

Vacuum: Orbit INJ:

1@100 % 1@100 % 1@99 %

1@0.25 nC 1@100% 1@100%

.7 MeV 25 701.8 MeV 25 2404 MeV

168 us TDS B2

A2.L1 852.71 MV AZ.L2 B26.63 MV | A4L2 730.87 MV A5.L2 702.84 MV
58.0 MV/m 1

24.2 deg \ 33.5 deg 33.5 deg 33.5deg

[= =]
y, TDSIn
— Al 143.43 MV AH1.1 18.57 MV [=] o I o o

11.7 deg e aieg 231283 MoV \

XFEL BLM.180R.B1

BLM.180R.B1/SIGNAL.TD; Buf=203382211

22 130.4 MeV

» A beam loss
> i

N W BLM & toroid Alarm Overview 08 darkcurrentproduged in

S———— ——m———— . i superconducting cavities
e oo et e o e = Shows alarms from all BLMs and toroid (bunch charge
e : : : 02
e - e e monitor) based transmission Interlock i )
,,,,,,, s . 400 600 1000 1200 1400 —7600
A I = Each BLM selectable from this panel e
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— ———— BLM Panel PRt | ——
Bt e = Device settings (current consumption, HV readback) s sonpomcen_oxrl oot [ 3 §
Single2 Slow Protection Cnt Thrs | ‘.\,.,w: [0
= Alarm thresholds oo

HVtoo low disable
MPS testsignal O
9th MPS output

» Y-axis normalized to single alarm threshold
Slow Protection Reset

BLM power subsystem Testpuls LED
[ BLM Voltage: 555 v sp _off|
Current 5.9 480=] TP stat TPlength  Pedestal

FeedbackHV): 4448 JONJOFE| | 35000 [ 100f] |43
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BLM GUIs

1:27 Op mode:

Thomas Wamsat, The European XFEL Beam Loss Monitor System

SASE1 experiment setup

BCO/BC1/BC2

BT 11:54:08  Op mode:

XFEL

Main Overview Panels
= Alarms shown by section

SASE1 experiment setup E

B2 dump mode Bunch train max: (@) for up to B2 dump Personal interlock: () Injector Beam Permission B2 dump mode Bunch train max: () for up to B2 dump Personal interlock: () XTL Beam Permission

Injector Lasers
P-cell: fi' Traln cut for L2 of Acc
Shutter: B2 dump mode release
Shutter: Laser 1 closed
Bunches: 1@1.13 MHz

Infrastructure
Cryo:

Vacuum:

Feedbacks Magnets Infrastructure Feedbacks

Compression: @ BCO

Magnets

Charge: On 0.250 nC Cryo: @ BCo
Orbit L1: Permit:

Orbit L2:

Orbit INJ: Vacuum: Gun-B2D:

1@100 %
25 701.8 MeV
€52.71 MV

1@99 %

25 2404 MeV
~ TDS.B2

1@100 %
—F .7 MeV

1@0.25 nC Fong

100 %
158 us eI

58.0 MV/im

A3.L2 702.84 MV

626.63 MV | | A4.L2 730.87 MV A5.L2

y, TDSIn

1@100%
g _ N 5 FE

\.

24.2 deg 33.5deg 33.5 deg 33.5deg

[= =]
18.57 MV [=]

Al 143.43 MV AH1.1

European

XFEL
BLM.180R.B1/SIGNAL.TD; Buf=203382211

Gun |-

BLM.180R.B1

Lz]ce0 (283 e 251283 MeV 22 130.4 MeV

A beam loss

- I\

13

= B ToRae e —— BLM & toroid Alarm Overview SELSHTIET TR
— - ) C8 superconducting cavities
S———— S o e B » Shows alarms from all BLMs and toroid (bunch charge .
e : : : 02
p— i — S—— monitor) based transmission Interlock gun X N
””””” ™ . 400 600 1000 1200 Mﬂﬂ
i = Each BLM selectable from this panel darkcurrent | S8 = e
B e e e e e e e s E BRI s000 —
I BLM Panel “[2 - i’i
s T ST e 0 T Bt = Device settings (current consumption, HV readback) s sonpomcen_oxrl oot [ 3 ¥
Single2 Slow Protection Cnt Thrs | 10000 | 0
= Alarm thresholds Comparts s
= Y-axis normalized to single alarm threshold e .
Slow Protection Reset
%%Lzogﬁ;ngbgy:?em - Spsoa‘ 'IT':S::;_]?EUED TP length  Pedestal
Feedbac:(r:-levn; 4448 _wngFJ [ 35000 [ 100 T4
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BLM GUIs

NJECTOR

M8-08-17 11:58:27 Op mode:

SASE1 experiment setup BCO/BC1/BC2

B2 dump mode Bunch train max: (@) for up to B2 dump Personal interlock Injector Beam Permission 711:58:08 Op mode: B2 dump mode

Injector Lasers
P-cell: fi' Traln cut for L2 of Acc
Shutter: B2 dump mode release
Shutter: Laser 1 closed
Bunches: 1@1.13 MHz

Infrastructure
Cryo:

Vacuum:

Feedbacks Magnets Infrastructure

Charge: On 0.250 nC Cryo:

Orbit INJ: Vacuum:

1@100 %
25127.7 MeV
AZ.L1

1@100 %

1@0.25 nC 1@100% 1@100%

158 us
58.0 MV/m

852.71 MV

y, TDSIn

\.

[= =]
Al 143.43 MV AH1.1 18.57 MV [=] 24.2 deg

Gun |
11.7 deg 164.9 deg

251283 MeV 22 130.4 MeV

Bunch train max: Qfor up to B2 dump

25 701.8 MeV

Thomas Wamsat, The European XFEL Beam Loss Monitor System

Feedbacks

Compression: @ BCO
Orbit L1:
Orbit L2:

A3.L2

626.63 MV | | A4.L2

33.5deg

@ BCo

730.87 MV A5.L2

33.5deg

SASE1 experiment setup E

Personal interlock:

XTL Beam Permission

Magnets

Permit:

Gun-B2D:

1@99 %

702.84 MV

33.5deg

25 2404 MeV
TD

Main Overview Panels
Alarms shown by section

European
XFEL

BLM.180R.B1/SIGNAL.TD; Buf=203382211

BLM.180R.B1

:: ~ beam loss
-~ A
— BLr & 1080 sl overve —— BLM & toroid Alarm Overview darkcurrent produc
o . 0.6 s-u'p—e-rc—o-n-d'u'c'trn-g—c
e oo S o e B » Shows alarms from all BLMs and toroid (bunch charge .
e : : : 02
. T —— e = monitor) based transmission Interlock gun )
,,,,,,, N . %o 600 1000 1200 1400 —7600
e e sz = Each BLM selectable from this panel darkcurrent i
_———,—————_—,————————_S < i : Afx;'rnrs[ 8000} I
- -_-— BLM Panel :::::SIowproteciion A:::::[ iﬁzﬁ; ? °'a"°We°WE-
Bt = Device settings (current consumption, HV readback) e Sowprocon_coe| 3000 |
Single2 Slow Protection Cnt Thrs | 10000— | 0
= Alarm thresholds oo

= s |

e n

ek o 8 <t 1w o cormaponing BLNS

1 European XFEL

XFEL BLM Overview
Shows maximum amplitude from each BLM
Fast overview of losses along the machine

» Y-axis normalized to single alarm threshold

9th MPS output

BLM power subsystem
[ BLM Voltage: 555
Current: 5.9

Feedback(HV): 4448 JONN OFE( |

HV SP

[ as0F
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Slow Protection Reset

Testpuls LED
Lot

TP start

350001

TPlength  Pedestal
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BLM Alarm Generation: Beam Based Alarms

MDI4TCA1/SIGNAL.TD; Buf=195795572

1.6
14
1.2
1.0
0.8
0.6
0.4
0.2 T T T T
400 600 800 1000 1200 1400 1600
[us]
Alarm OR >> MPS ) -
Single ADC Thrs | 8000
Single Slow protection  Cnt Thrs 200: ]
Multi ADC Thrs | 6000— 81 of allowed 30—
Multi Slow protection Cnt Thrs 200: 0
Integral ADC Thrs (000000 | 35M ADC This | 401
|| Integral Slow protection  Cnt Thrs 100: 0
|| Single2 not cutting ADC Thrs | 12000—
Single2 Slow Protection Cnt Thrs 200: 0
Comparator ZOOj
|| HVtoo low disabled
|| MPS testsignal ]
|| 9th MPS output

Slow Protection Reset

BLM power subsystem Testpuls LED

[ LM Voltage: 907  Hv sP Jon| foff| ®
Current 113 [ 780 TPstat TPlength  Pedestal
Feedback(HV): 7316  LONI| JOFF| 36900 | 500/ | 6%
I . European XFEL

Beam loss, alarm threshold exceeded, alarm active until end of bunchtrain
= comparator alarm triggers additionally
Latency: up to 28us — ~130 bunches @ 4.5 MHz run through
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BLM Alarm Generation: Beam Based Alarms

e m penm Beam loss, alarm threshold exceeded, alarm active until end of bunchtrain

., e = comparator alarm triggers additionally

Latency: up to 28us — ~130 bunches @ 4.5 MHz run through

Slow protection threshold reached, alarm active until reset

= Slow protection counter started to increment by 1 per consecutive bunchtrain with loss
= Beam switched off, reset necessary
Slow protection prevents continously losses of consecutive bunchtrains with loss

I European XFEL ﬁ HELMHOLTZ \/Blz.sa
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BLM Alarm Generation: Beam Based Alarms

e B o Beam loss, alarm threshold exceeded, alarm active until end of bunchtrain
= comparator alarm triggers additionally
Latency: up to 28us — ~130 bunches @ 4.5 MHz run through

Slow protection threshold reached, alarm active until reset

. - Slow protection counter started to increment by 1 per consecutive bunchtrain with loss
= Beam switched off, reset necessary
Slow protection prevents continously losses of consecutive bunchtrains with loss

MDI4TCA1/SIGNAL.TD; Buf=195795572

Beam loss, alarm thresholds exceeded
= Two terms to trigger alarm
1. Signal exceeds threshold
“ 2.  Number of allowed bunches over threshold reached
— = Slow protection counter increments

%
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BLM Alarm Generation: Beam Based Alarms

MDI4TCA1/SIGNAL.TD; Buf=195795572

MDI4TCA1/SIGNAL.TD; Buf=195792657

MDI4TCA1/SIGNAL.TD; Buf=195795572
1.

MDI4TCA1/SIGNAL.TD; Buf=195795572
1

T T T
1000 1200 1400 150;1
N

BLM power subsystem  Testpuls LED
[ BLuvotage: 907  wvsp Jon fofr| &
urrent 1.3

Current 7.80} s edestal
FeedbackHV): 7316  LONI JOFE| 36000/ | seor JTE

1 | European XFEL

Beam loss, alarm threshold exceeded, alarm active until end of bunchtrain

comparator alarm triggers additionally

Latency: up to 28us — ~130 bunches @ 4.5 MHz run through

Slow protection threshold reached, alarm active until reset
Slow protection counter started to increment by 1 per consecutive bunchtrain with loss

Slow protection prevents continously losses of consecutive bunchtrains with loss

Beam switched off, reset necessary

Beam loss, alarm thresholds exceeded

Two terms to trigger alarm

1. Signal exceeds threshold

2. Number of allowed bunches over threshold reached
Slow protection counter increments

Slow protection threshold reached

Beam switched off, reset necessary
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BLM Alarm Generation: Darkcurrent Alarms, Device Alarms

1 | European XFEL
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BLM Alarm Generation: Darkcurrent Alarms, Device Alarms

o PSSO e Integral alarm due to darkcurrent, alarm threshold exceeded

= Slow protection counter increments

BN BN 5 European XFEL £ wemnortz (382
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BLM Alarm Generation: Darkcurrent Alarms, Device Alarms

o RIS s Integral alarm due to darkcurrent, alarm threshold exceeded
JrE— D = Slow protection counter increments

Slow protection counter reached threshold
= Alarm still there since it is not a beam based loss
= Reset necessary

I . European XFEL ﬁ HELMHOLTZ 3;7
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BLM Alarm Generation: Darkcurrent Alarms, Device Alarms

BLM.180R.B1/SIGNAL.TD; Buf=203382211
1.4

Integral alarm due to darkcurrent, alarm threshold exceeded
Ij Ry W = Slow protection counter increments

Slow protection counter reached threshold
= Alarm still there since it is not a beam based loss
— = Reset necessary

BLM power subsystem Testpuls LED
[l BLmvoitage: 555 v sp Lonl _onl
Cu 80,

urrent: 5.9 4 TP start gth edestal
Feedback(HV): 4448  JONII JOFE( 350000 | 100 462

MDI4TCA1/SIGNAL.TD; Buf=195799099
1.

High Voltage (HV) alarm, PMT cannot work, BLM not functional
= No beam possible
= Can be disabled

BLM power subsystem  TestpulsLED
[l BLuvoitage: 002 HysP on| off

Current 13 800] TPstar TPlength  Pedestal
FeedvackHv): 558  LONI IOFE| 360001 | 100/ T84
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BLM Alarm Generation: Darkcurrent Alarms, Device Alarms

BLM.180R.B1/SIGNAL.TD; Buf=203382211
1.4

BLM.180R.B1/SIGNAL.TD; Buf=203382211
1.

BLM power subsystem Testpuls LED
[l BLmvoitage: 555 v sp Lonl _onl
Cu 80,

urrent: 5.9 4 TP start gth edestal
Feedback(HV): 4448  JONII JOFE( 350000 | 100 462

MDI4TCA1/SIGNAL.TD; Buf=195799099
1.

MDI4TCA1/SIGNAL.TD; Buf=195799690
1.

T
1400 1600
1s]

BLM power subsystem
[l s voitage:  0.02
Curr

Tes|
HV P Lol
urrent 1.3 800 TP
FeedoackHV): 558  JONI JOFE(

Current 114 8@7 TP start TPlength  Pedestal
FeedbackHv): 7539  LONN IOFE| 36000 | 1007 [TE

1 European XFEL

Integral alarm due to darkcurrent, alarm threshold exceeded
= Slow protection counter increments

Slow protection counter reached threshold
= Alarm still there since it is not a beam based loss
= Reset necessary

High Voltage (HV) alarm, PMT cannot work, BLM not functional
= No beam possible
= Can be disabled

MPS testsignal, can be switched on to check BLM alarm response
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BLM Alarm History Plot s BLM.180R B

BLM.180R.B1/SIGNAL.TD; Buf=203382211
6
14
1.2
1.0
0.8
0.6
Comparator 0.4
Single2 Slowr Protection 0.2
0
400 600 800 1000 1200 1400 1600
[us]
Alarm OR >> MPS
Single ADC Thrs soooj
Single Slow protection  Cnt Thrs | 3000 2
Multi ADC Thrs 80005 13 of allowed 3094
Multi Slow protection Cnt Thrs | 3000 0
Integral ADC Thes 2000001 23 |accTns |40
|| Integral Slow protection Cnt Thrs 3000— 0
| | single2notcutting e Ths 160005
Single2 Slow Protection Cnt Thrs | 10000 0
Comparator 700?
| [ HVtoolow ,Fable?
2:25 2:35 2:45 2:55 3:05 3:15 3:25 MPS testsignal m
8.8.2018 8.8.2018 8.8.2018 8.8.2018 8.8.2018 8.8.2018 8.8.2018 — =
L | 9th MPS output
Slow Protection Reset
BLM power subsystem Testpuls LED
[B] BLM Voltage: 555 v sp Jon| jof|
Current 5.9 [ asof TPstart ~ TPlength  Pedestal
Feedback(HV) 4448  JONI JOFF| 350000 | 100/ | 463

Alarm history plot for each BLM
= Kind of alarms traceable

Complete traces stored for two weeks in DAQ system (reduced data from ADC sample rate of 45 MHz to 4.5 MHz)
- For all BLMs roughly 1TB/day
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BLM Alarm Latency Decrease

11 .1 L2 L3
B T
BCO0 BC1 BC2
Sl BC2D TL dump T4D -
D A 7 TG,
A % % n %

Max latency for the hole machine 28us
BLM Alarm in one of the SASE branch
= Bunchtrain redirected to TL dump
= Decreases cut latency to 7us for branches
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BLM Alarm Masking of Dedicated Losses

Streaked bunch by TDS and kicked to off axis screen (in Injector or in BC2 section)

Fast Wire scan (Scan of complete train with up to 2700 bunches, masking necessary not to cut

the bunch train during measurement)
See also WEPHAO086 ,,A Fast Wire Scanner System for the
European XFEL and its Impact to Safety Systems”

Alarms get not masked when
= Screen inserted (only single bunch possible)
= Slow wire scan (single bunch), in case wire gets stuck
- Slow protection will stop beam after 5 minutes at the latest

NJECTOR SASE1 experiment setup

17 11:59:27 Op mode: B2 dump mode Bunch train max: (@) for up to B2 dump Personal interlock: ‘\’} Injector Beam Permission

Injector Lasers Infrastructure Feedbacks Magnets
P-cell: J\' Train cut for L2 of Acc Cryo: W) Charge: On ® 0.250 nC
shutter: [ B2 dump mode release
Shutter: Laser 1 closed
Bunches: 1@1.13 MHz

vacuum: Orbit INJ:

o 1@0.25 nC 1@100 % 1@100 %

58.0 MVIm = =)
143.43 MV| [ AH1.11 18.57 MV =\ Tosn
———— | ——— tnnany
11.7 deg| 164.9 deg .-
25128.3 MeV
=

1 European XFEL
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MDI4TCA1/SIGNAL.TD; Buf=195802402

14
1.2
1.0
0.8
0.6
0.4
0.2
0 T T T T
400 600 800 1000 1200 1400 1600
[us]
Alarm OR >> MPS
e ADC Thrs 8000%
Single Slow protection  Cnt Thrs 200(— 0
! ° ¢ =] =]
Multi AccThs | 60005 [0 ofallowed| 30}
Multi Slow protection Cnt Thrs ZOOi 0
Integral ADC Thrs (130000 90.3k ADCThis | 40—
- L 1 1=
Integral Slow protection Cnt Thrs 200 0
Wl singlez2notcuting  Aoc s | 8000
|| Single2 Slow Protection Cnt Thrs 500i 0
Comparator -1
- =
|| Hvtoo tlow _enabled |
|| MPS testsignal -
L | 9th MPS output

Slow Protection Reset |

BLM power subsystem Testpuls LED
[ BLMVoltage: 9.41  Hvsp 1ol ol *
Current 118 [ 810F] TPstat _  TPlength Pedestal

Feedback(HV): 7589  JONI| JOFE(

369001 20— 635

Alarm not redirected to MPS
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BLM Calibration Concept

No absolute calibration

Get activation results from
=  Measurements from radiation department:
Activation profile of the machine
= Additional information from RadFet dosimetry system
= Thermoluminescent dosimeter (TLDs)

Strategy for the warm beamline
= Use activation profile, look for non tolerable increase
and tighten BLM threshold or step up PMT voltage
at these positions
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BLM Calibration Concept

No absolute calibration

Get activation results from
=  Measurements from radiation department:
Activation profile of the machine
= Additional information from RadFet dosimetry system
= Thermoluminescent dosimeter (TLDs)

Strategy for the warm beamline
= Use activation profile, look for non tolerable increase
and tighten BLM threshold or step up PMT voltage
at these positions

However:
Main goal of the BLM system is not to keep activation low but to switch off as fast as possible
within a bunchtrain to prevent machine from substantial damage (within seconds at max. bunch

number and charge)
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Conclusion

472 BLMs installed

78 RTMs in 58 MTCA Crates

Different independent configurable alarm thresholds
Automatic masking of dedicated losses

Slow protection prevents permanent high losses
Dump kicker decreases bunchtrain cut latency

Fast reaction to losses within max. 28us
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Thank you
for your

attention
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