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Beam Interlock System @ FLASH

Bedienung und Funktionen

« Aufgaben der Machine Protection
 Komponenten der Machine Protection

e Operation Modes und Beam Modes

e BIS special functions

e Laserinterlock

* Fragen und Antworten, auch zwischendurch!
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e Beschleuniger schitzen

« Operation modes ermitteln

« Erlaubte Strahlpulslange managen
e Subsysteme Uberwachen

e Sicher abschalten im Fehlerfall

» Alarme anzeigen

e Daten speichern in Histories

» Personensicherheit gehort nicht dazu!
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ol "9/ Passive Komponenten Free-Electron Laser

in Hamburg
GEMEINSCHAFT

Fahrbare Kollimatoren
mit 4 Aperturen
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Q@\/ Strahlverlusterkennung (1) Free-Eloctron Laser

GEMEINSCHAFT

Ca. 80 Photomultiplier
gibt es in FLASH
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ot @/ Strahlverlusterkennung (2) Free-Eloctron Laser

GEMEINSCHAFT

4 Toroidpaare
schitzen den
Beschleuniger
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Hinol \ @/ Fast active components e in Hamburg

10 Beam Interlock Concentrators

sammeln Alarmsignale von
e BLMs

« Toroid Protection System

e \Vaccuum Fast Shutter

o Koppler-Interlock

e Quenchdetection

...und schalten direkt
den Gun-Laser und
die ACC1-RF aus nach
ca. 2 Mikrosekunden

Martin Staack, Lars Frohlich 11.0ktober 2007 6



FLASH

HELMHOLTZ in Hamburg
GEMEINSCHAFT

/- f/I‘D\I?S/; |
g@\/ Beam Interlock System (BIS) Rl s

» Auslese und Steuerung der BICs

o Ermittelung der erlaubten Pulslange fir den Gunlaser
e Makropuls-synchrone Datenspeicherung via DOOCS
o Zyklusyeit von etwa 1 Millisekunde

o SPS arbeitet unabhangig vom Kontrollsystem

Martin Staack, Lars Frohlich 11.0ktober 2007 7



FLASH
Beam Interlock System (BIS) Frea Election Laser

SPS sammelt und verarbeitet Uber 300 Digitalsignale
* Magnet-Powersupplies

e OTR-Schirme

o Kollimatoren

e Pneumatik-Mover

o Wasser-Durchflusswachter
e Pilotherme

e Vakuumschieber
 BLMs (Photomultiplier)

e Toroide

e RF
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Die BIS-SPS ermittelt die Operation-Modes direkt aus den
Machine settings (Vakuumschieber und Dipolmagnete):

GUN Mode

GUN
+

ANALYSIS Mode
GUN S

BYPASS Mode

GUN & ACCL 39 BC2  ACCZ ACC3 BC3 ACCA ACCS ACCHE  ACCY Collim, \D\.

FEL Mode

GUM & ACC c39 BCZ  ACCZ ACCE BC3 ACCA ACCH ACCH ACCT Collirn. Undularor -,

Martin Staack, Lars Frohlich 11.0ktober 2007 9
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GEMEINSCHAFT

FLASH

Operation Modes (2)

Free-Electron Laser
in Hamburg

Derzeit befindet sich FLASH im FEL-Mode:

009/
Machine Protection System Overview
- Free Electron Laser in Hamburg .
BYP
SNC
[] - “‘“‘AV‘”'“'“ — (WHE
HNH] pHOTON
GUN IDUMP ACC BCZ ACC2 ACC3 BCZ ACCH ACCE ACCE ACCT TCoL-1 TCOL-2 ECOL MATCH SUND SEED SPHOT UND EXF DUMP

e TNERF] DCK ey e IPEFATTON MO ey e BRAN MO R ey e TOF0A 0 PrOL. SYSTRN sy e SUDSYSTENS  s—— Section displays

Undulator protection
ELWs undulator

Tuning Mode

Laser stand-alone
|:| Laser Adjust

Show Timiting elements

No charge at 3GUN
Single bunch loss
Slice mode alarm
Integrated loss

BIS: ACC4-DUHP

— Expert views

| BIS || BIC |

- Pers. interlock Standard modes Single (nax. 2) Test system | BIS—BLH protection | . BLH a]_arlns
Beam clearance Gun mode Short (nax. 30) No charge at 3GUN green: OK
. Analysis mode L Single bunch loss - red: alarm
HPS interlock d Long (no Timit) 1 de al | BLH overview |
Laser shutter ngassdmo e R t LONG i ::ce mz 3 ? arn Beam limit
Gun RF moce | A L] LS [ BIS: GUN-TCOL | @ short/single
ACC1 RF Seed section dump 3GUN - 12EXP | |

L. Froshlich 2007-08-03
M. Stenck 2007-03-02

Klick auf den Operation mode - History plot...

Martin Staack, Lars Frohlich 11.0ktober 2007 10



FLASH

Free-Electron Laser
in Hamburg

Operation Modes (3)

HELMHOLTZ
GEMEINSCHAFT

FEL-Mode, zeitweise mit
eingeschaltetem Tuning-Dump:

VP UTIL/B 800
Machine Protection System Overview
- Free Clectron Laser in Hamburg i
B
SHC
[:] T T T [I[I[I
T Y W TVNT TN TN
.]]] FHOTCN
GUN IDUHP A B2 - tadal] [Tadad] O AcC ACCE ACCE  ACCT  TCOL-1  TOOL-2 ECoL MATCH  SUND  SEED SPHOT  UND ExP DUMF
= Plot_Togic: ZUTIC/BISIDW I227STATU 000
= Interlock = (peration node [ bit] status word TTF2.UTIL/BIS/DW.122/STATUS Section displays
Pers. interlock Standard nmodes Tuning Mode i: = ELM alarms
™ gean clearance Gun mode @ LenE TEEHns E i green: 0K
. Analysis mode i 9 red: alarm
HPS interlock . _
Bypass mode » FEL-Mode | e
Laser shutter FEL mode @ Beam Timit
Gun RF re BYPASS-Mode CoL | short/single
ACC1 RF Seed section dump e ANALYSIS-M.

Undulator protection

ELMs undulator

Tuning Hode

Laser stand-alone
|:| Laser Adjust

» GUN-Mode

9 h
10.10.07

13 h
10.10.07

17 h 21I h
10.10.07 10.10.07

e
LKP |
EIC |

L. Froshlich 2007-08-03
M. Steack 2007-03-03

Klick auf die Fragezeichen bietet Hilfe...
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| DESY | Operation Modes (4) Free-Electron Laser

m\ /
HELMHOLT?Z \\’:/ "/ in Hamburg

GEMEINSCHAFT

FLASH

...und der Operateur kann sehen, in welcher Sektion
fur den gewuinschten Mode noch Fehler anstehen:

BIS: How to get FEL mode BIS: How to get BYPASS mode
BIS 1.) nagnets on, get Strahlfreigabe BIS 1.) switch on nagnets
EEE;CATH 2.) om.an valves for FEL mode GUN+CATH 2.) open valves in bypass path
BC2 3.) switch DIBYP off, DEDUHMP on 3251 3.) load magnet currents for BYP
ggg% 4.} FEL required turns to green ACC2 4.) BYPASS mode should turn green
BC3 5.) HASYLAB Vacuum should be green ACC3
ACCH (try reset in Yac-win) 2534
ACCS . .
ACCE 6.) toggle CLOSE/OPEN in Vac-win ACCE
ACC7 will open the valve VO AEEE
TCOL—1 Accq
TcOL-2 7.) V0 should be open now TCOL-1
ECOL if BEIS-box is completely green EE;P
MATCH
SUND Wod) U WEIEE GIIAEIES {fuly (L I B¥p valves onen BYPASS-Mode
SEED
D1EYP ON
35301— FEL- e I DEDUMP OFF gz
EXP TEDUMP ON
DUMP /I" . Beam clearance -

[ valves FEL open 35 ANALYSIS-Moda
DIBYP off BIS 4|>-
DEDUNP on = GUN+CATH o
TEDUHP on FEL } TDUMP ON

[ Beam clearance - required valve 3GUN open E

& 1ACC1 closed DG,
EEAH VALVE [ eean clearance s = GUN--Mode

l FEL_LAR. ENABLE [ OFF —|>.
LINAC_READY Vac V0 open

| [ nasviag vacuun ok |———> |
. Steeck 2006-04-20 . Steeck 2006-04-19

Martin Staack, Lars Frohlich 11.0ktober 2007 12



Operation Modes (5)

i -ree lac
HELMHOLTZ . ¢ n Har
GEMEINSCHAFT —
Im Vakuum-Panel mit einer Freigabe geklappert werden:
L}
OVErview 0 B 20,8
Machine Protection System Overview
2089 = ocle L B
(under construction) BIS: How to get FEL mode control by
|:| FEL required HASY-Lab
8D LT BEIS 1.) nagnets on, get Strahlfreigabe
O Sarsaaen |[f] | B Gun+caTh 2.) open valves for FEL mode N
= "E’Eg1 3.) switch D1BYP off, DGEDUMP on
4DUMP : ACC2 4.) FEL required turns to green I:l:|/ \
/ HRS‘&D“B ] gggg 5.) HASYLAE Vacuunm should be green S o | sy
T2E%F L | ACC4 (try reset in Vac—win)
T4 /gnump | accs 6. ¢ q q [}
ACCE .) toggle CLOSE/OPEN in Vtac-win
- -
_ _ L | ACC? will open the valve V0
5-ELM-info window | 130UMP — 188:::; 7.) V0 should be open now q vac_ok
E [p—— 1 Dl P DUKP : | ECOL if BIS-box is conpletely green PHDTOND:?] G
o 23 e Py — ;‘ﬂ;g“ #.) load magnet currents for FEL hd
211DUMP 1 SEED boe 5.5,05
E EUND] -5 P[SBDUMP | sPHOT EEL- a =
§BUND1_5 §9EKP L | UmD
SUNDE 10EXF = oTr S0uMP
GUNDE 11EXF Pile win | EXP 7’
E mg E&EE;P Ffllow goﬂe L1 DUMP -
Tow Dump
UHD EEXP Hla agilwp [ valves FEL open i)
; _ [ p1eve off
IS (el BIC Status ] beoune on =
—— L] TEDUHP on S C—
require
BIS MKK bits | W, SEamch 2007-08-28 [ gean clearance i
EEAM VAILVE
FEL_LAE. ENAELE {>
| ELM Overview LINAC_READY \fac YO0 open
15 h
[ HasYLAE vacuum 0K ——>BYP 1010707
| SR ==Ll | ey

Martin Staack, Lars Frohlich
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'\ /I;,E:{l ) Beam Modes (1)

HELM HOLTZ
GEMEINSCHAFT

in Hamburg

Beam Modes werden aus den Machine settings ermittelt:

= S 2908

Machine Protection System Overview

- Free Efectron Laser fn Hamburg

BYF
SYHC
O M —
PHOTEN
Gun IDUMP ACC1 BC2 ] ACC3 BC3 Acca ACCE ACCE ACC7  TCOL-1 TCoL-2 ECOL MATCH  SUND  SEED SPHOT  UND EXP DUMP
e TNTRF]OCK ey e (IpRFATT 0N MO =y e Beam mode = Toroid prot. SYSten = e Subsystems Section displays
Pers. interlock Standard modes g Test system T = ELM alarms
- Bean clearance Gun mode ::Inglte Emax. gln] No charge at 3GUN | I [ EEE | . green: OK
. Analysis mode ol [=Hp & Single bunch loss A red: alarm
MPS interlock d Long (no Timit) Ti de al | BLM overview |
Laser shutter Bypassdmn ° Slice no 3 ? arn Beam Timit
Gun RF FEL mode | Reauest (LONG LS U | BTS: GUN-TCOL | @ Shesnr
ACC1 RF Seed section dump 3GUN - 12EXP | |

Undulator protection
I eiis undulator

Tuning Mode

Laser stand-alone
|:| Laser Adjust

No charge at 3GUN

BIS: ACC4-DUHP

Single bunch loss
Slice mode alarm —

Expert views

| Show limiting elements | Integrated loss |

BIs  |[  BIc

L. Froehlich 2007-08-03
N, Stonck 2007-08-0F

B ; VPTTTFZ.UTIL/ Soo
CUN Mode (under construction)
| i BIS panel for operation ACC4-DUMP reruetion
FEL Mode 35BYP 38BYP T uAR AR
single Fulsae 21B¥p rd PBA I S}EVP ’
i {[ 1
! Tong Bunch EEYP O Fenremdiae
PheeEer 2
3BYE
14 r WSF\CC? aTCoL
} i f SECOL PMATCH 3S“ND;SUND3 5 89 14SEED -
- -
. ‘-__1_‘ LT £ sEED o/ i
15“%5 11.«:(73‘1 2Tc0L ETCOL2ECOL 1 g 1ZEXP 7
ACC4/5: g E E E HASYLAE ]
ﬁﬁé e [ BIS-BLM—info window | 130UMP
10accs | | acce-TCoLT Err T1BTF B P T148YF 1 7ETF 7B TP ssavr [ gz OTR 3SEYF D10UMP DUMP :
T i’} H TEETE %EDBYP 158 7 §1BEYP gassw §?SBYP ST eawe QTR 38ETF ADUHE o
S"DRCCS B @apccT D1BYF SSEYP TO0BYP al=:h IS6E VP A EYP 2B YF [3:1:] OTR S7B%P EOMP $
1 0ACCS B @z1coL Q11DUMP
riEss CTR 148007 ECOL: §BTCOL HATCH/SUND : AMATCH SEED-UND: P:
HA1DACCE OTR 1BACCT G STCOL B TCH 1BSEED EUND -5 DECUIMHF
SACCE QTR 17aCCT| COLL _8TCOL 1 =FECOL| OTR FMATCH AMATCH OTR B5EED 185EED N D1 —5) SEXF
I 10ACCE QTR 18ACCT o aTCoL H1ECOL I QTR ZSUNDA EMATCH Z20SEED I §5UND5 §1UEKF = oTrR BDUMP
10ACCE COLL 2TCoL ggtt ggggt SEEggt QTR 2SUNDZ 1552”2101 ?R‘WEEEEB %%EEEB EUNDE 11EXP P%"
OTR SECOL GECOL 3-5UND2 I W [ Eﬂ“;e
Fls b
GUN-TCOL
0 Enable GUN-RF FEL-Mode:  D6DUMP on, DIBYP off, Hasylab-Vo open SIS
[ strahlfreigabe BLM Bypass-Mode: D1BYP on, D6DUMP off
[CEIS Test win ]
[ enable Laser Shutter (B i]
X enable ACCI-RF [Screens in?|[  MPS Overview |[ BIS I/0 bits |[ BIS MKK bits | . seecu 207052

Martin Staack, Lars Frohlich
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= KQB/ Beam MOdeS (2) Free-Electron Laser

HELMHOLTZ
GEMEINSCHAFT

in Hamburg

... hier gibt’s grad mal — Bean node

Y e o= 2
keinen Strahl; das BIS Long_(no 1imi0
zeigt an, woran’s liegt:

| Show Timiting elements

Beam mode 1imiting elements

———" T
EA]
[[sece | [svecs | [116cs | [eew | [1zee |
[=see | EENE N [18ccr] [oww |
Screens
Magnets
Wirescanners While wires are in the beam pipe, the beam mode is Timited to short.

Elenents that limit the beam mode to short (30 bunches)
or single (2 bunches) are shown in yellow.

Martin Staack, Lars Frohlich 11.0ktober 2007 15



FLASH

HELMHOLTZ in Hamburg
GEMEINSCHAFT

(0@ | .
ﬁ ‘\9);1; ) Specialfunktionen (1) Eree-Eloctron Laser

Das BIS schaltet die Gun-RF aus, wenn bei offenem Ventil
zum Modul ACC1 Gun-Schirme gefahren werden — es ware
sonst durch Dunkelstrom das Vakuum in ACC1 in Gefahr:

BIS

(protects cold vacuum)

SCREENS

GUN OUT
IDUKP OUT Dt.
1ACC]

Don' t move the
gun Screens now!

GUN EF

Martin Staack, Lars Frohlich 11.0ktober 2007 16
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Specialfunktionen (2)

RN -Electron
HELMHOLTZ () S e
GEMEINSCHAFT

Das BIS schutzt die Undulatoren vor Aktivierung...

288
Machine Protection System Overview
- Free Electron Laser in Hamburg _
BYF
Bls BLIV O F2.U B S0
n SYNC
BIS—BLM undulator protection (N
BIS ELM protection disabled by wirescanners HEN] GHCICH
BIS BLH protection disabled by operator B E B B i
0d DAY U AT o008
BIS stops ACCI-RF and closes laser shutter ) 0 .
1 more than 8 BLM alarms in undulator section _T_'l“ ays
sar more than 4 BLM alarms in undulator section | mnl alarms
sec more than 2 BLM alarms in undulator section I en;] gEm
(15} i i i
more than 8 BLM alarms in linac sections ] Timit
(30) more than 4 BLM alarms in linac sections t/single
(60) more than 2 ELM alarms in Tinac sections
(click for history) 1l
. . |
30 bunches request 30 bunches during disable 1T .l |
hlHich 2007-08-09
RESTART restarts beam after BIS-BLM-alarn ] faacie] 2007508508
[~ DISAELE disables BIS ELM protection (30 min) [ 4]
ENAELE re-activates BIS BLM protection
<
| ELH Overview
M. Stenck 2007-10-01 0 0.0 0 0.0 0 0.0

Martin Staack, Lars Frohlich
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Specialfunktionen (3)

) Electron
i =\~ ge o Fiamou
HELMHOLTZ In Hambu
GEMEINSCHAFT ~—
- - - |
...bel zu vielen BLM-Alarmen wird abgeschaltet.
v overview [ =] g g 9'.
Machine Protection System Overview
- Free Electron Laser {n Hamburg -
B*%P
959
. SYNC
BIS-BLM undulator protection (N
BIS ELM protection disabled by wirescanners NN GHEICH
— o B 8 5 B N = W
BIS BIM protection disabled by operator =50 0] BSIDWED AT - 200
0 D 0 .
BIS stops ACC1-RF and closes laser shutter _
more than 8 BLM alarms in undulator section _ ays
nore than 4 ELM alarms in undulator section - ] alarns
- : E—— .
more than 2 BLM alarms in undulator section e
oy [ e o e T e s — | i
(30) more than 4 ELM alarms in linac sections _ t/single
o> [ nore than 2 64 alares in linac sections —
(cTick for tistory) ]
request 30 bunches during disable O _=_
8 UND I s B b1vch 2007-0-08
restarts bean after BIS-BLM-alarn . I I s MO B - -
|| D I e Y e B
B disables BIS BLM protection (30 min) : I e R
re-activates BIS ELM protection ] 171 1 (BB
ELH Overview
| M. Stesck 2007-10-01 0 0 0 0 0 0 0 0 0 0 0 0
Martin Staack, Lars Frohlich 11.0ktober 2007 18




FLASH
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\ DESY ) Specialfunktionen (3 _
HEL.\Q <9)/ p ( ) FreeinEllileg}trl?:Tl I%;laser

GEMEINSCHAFT

Hier sieht man, wer es denn war...

VI VerveEw ' =

Machine Protection System Overview

- Free Efectron Laser in Hamburg

] -T ' =
BIS-BLM undulator protection |

=E

BIS BLM protection disabled by wirescanners
BIS BLM protection disabled by operator . . . . . . i
Mo T H ul’\ EET HHT Ilw\ EYE n||m|
BIS stops ACCI-RF and closes laser shutter | s — - 208
sac sef more than 8 ELM alarms in undulator sectiol 0SS Mon-l tors 1
0 . .
15;; more than 4 ELM alarms in undulator sectiol | BLM audio varning I .
ser more than 2 BLM alarms in undulator sectio Hardvare i
as5) more than 8 BLM alarms in linac sections configuration | CIEHU PrOEEEHIT I n
q q q 1GUN - 3BC2
(20) more than 4 BLM alarms in linac sections ]
4BC2 - 2DBC3 | save & Restore |

(60) - more than 2 BELM alarms in linac sections

(click for history) 1ACC? - 3GEYP

S9BYP - 2.1ECOL
2ECOL - 17SEED | BIC status |
22L.SEED — 1R.UND3
1UND3 - SUND4 |
1UND5S - SUNDE | Dpevelopments |
1R.UND*, 3R.UND*

request 30 bunches during disable

] RESTART restarts beam after BIS-BLM-alarm

Expert tools I [

a1

DISABLE disables BIS BLM protection (30 n

ENAELE re—activates BIS ELM protection | S | :
ELM Overview Acel cbung DLMESRT SOUHE W. Gozrlar, L. Froshlich |

| l (e fse | [oefef [acfouf [aefse] o] [aefst) |
’— ’— l— I— l— I— UnduTator |

L ND ,— |— ,— l— ,_ I— |

i (R | [arJis| [tRJ/sR| [1R/aR| [1R[/3R] [1R ]3| R |

Martin Staack, Lars Frohlich 11.0ktober 2007 19



: FLASH
Laserinterlock-SPS i Hamburg

Last, but not least:

UL U

Laserinterlock

« Managt das Turinterlock

e Uberwacht Wasserdurchfluss
o Checkt Laser-Temperaturen

e Uberwacht den VME-Rechner
e Schaltet ab im Fehlerfall

Martin Staack, Lars Frohlich 11.0ktober 2007 20



