7 3% FLASH Machine Protection
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Experience from the commissioning of the FLASH
machine protection system

 FLASH specifics

« Passive protection

 Fast active machine protection

« Slow active machine protection

* First operation with long macropulses

L. Frohlich, M. Gorler, P. Goéttlicher, D. Nolle, D. Pugachov,
H. Schlarb, S. Schreiber, M. Staack, M. Werner (DESY, Hamburg)

A. Hamdi, M. Luong, J. Novo (CEA, Gif-sur-Yvette)

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



. % Temporal structure of the beam
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Bunch frequency:
50 kHz, 100 kHz, 200 kHz, 250 kHz, 500 kHz, 1 MHz, 9 MHz

Repetition rate:
1Hz,2Hz, 25Hz, 5 Hz, 10 Hz

macropulse
-

a2 B

charge

1 Us 200 ms (5 Hz)
(1 MHz)

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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Ir. i Beam power
HELNHELI : i P
Energy: 460 MeV, 700 MeV, with additional modules >1 GeV?
Charge: 1 nC
RF flat top: up to 800 pus
1 30 800 7200
bunch bunches bunches bunches
1 Hz 0.46 W 13.8 W 368 W 3.3 kW
5 Hz 2.3 W 69 W 1.8 KW 16.6 KW
10 Hz 46 W 138 W 3.7 kW 33.1 KW

FLS 2006, 15-19 May, Hamburg

Lars Frohlich, DESY-MPY
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r. i Beam power
HELNHELI : s i
Energy: 460 MeV, 700 MeV, with additional modules >1 GeV?
Charge: 1 nC

RF flat top: up to 800 pus

1 30 800 7200
bunch bunches bunches bunches
1 Hz 0.46 W 13.8 W 368 W 3.3 kW

5 Hz 2.3 W 69 W 1.8 kW 16.6 kKW
10 Hz 46 W 138 W 3.7 kW > 33.1 kW

/-

FLS 2006, 15-19 May, Hamburg Arc Welding: ~10 kW Lars Frohlich, DESY-MPY




r. ::i Passive systems
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BC2
BC3

RF gun
.%;QAC(H} M }AC@HACC'&H@WAC@H%%}_____.

Dispersive arm,
dump

Bypass

(ACC8) (ACC7) Photon
1S V\ASeeding section Undulator beamline
L\

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



7. 3% Passive systems
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BC2 collimator

\gcz
RF gun BC3
.%;@Acm} A’i i\‘\ 'AcczHAccsh@ﬁvL{AcmHAccs}—-___.
)\ 7

Dispersive arm,
dump

Bypass

(ACC8) (ACC7) Photon
1S V\ASeeding section Undulator beamline
L\

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



Dispersive arm, trar]sverse
Vs collimators
(curr. @ 4 mm)
/ W
Photon
(ACCB8) (ACCT7) Undulator beamline

-———- Seeding section
LA

energy collimators
(curr. @ 4-6 mm)

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



r. ;‘: Fast beam interlock

Fast: Stop bunch production for the remaining macropulse
(2 -4 ps)

Beam Interlock Concentrators (BICs)
collect alarms from

« Beam Loss Monitors (BLMs):
Electromagnetic showers

* Toroid Protection System (TPS):
Charge loss

 Fast vacuum shutters
 LLRF quench detection

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



. % Fast beam interlock
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LASER ACC1 RF
e 59308084
4 | | 4
BIC 1 BIC 2
TTTT FV VY V
I [ ) I
BIC3 ||BIC4]| |[BIC9 ||BIC10
T ft__________7
BLIVI Alarm Gen. BLIVI Alarm Gen. Toroid Protection
éééé%%%% éééé%%%% SyStem TPS)
Beam loss monitors (BLMs) Toroids

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



7. 3% Slow beam interlock

Programmable logic control
“‘Beam Interlock System” (BIS)

monitors

« Magnet power supplies

« Screens, diffraction radiators
 Vacuum valves

« Cooling water

« Status from fast system

« eftc.

FLS 2006, 15-19 May, Hamburg

Lars Frohlich, DESY-MPY
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. % Slow beam interlock

Slow: Action between macropulses (>1 ms)

Programmable logic control
“Beam Interlock System” (BIS)

The BIS is the brain of th |
8 machine protection.
monitors ! It can switch off

_ * injector laser
 Magnet power supplies "

f « gun RF
« Screens, diffraction radiators '_" « ACC1-5 RF
 Vacuum valves ! and defines
* Cooling water  operation mode
« Status from fast system B

eam mode

¢ etc.

| 't .'_.‘_i_‘ o X Tiin

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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. % BIS: Operation Modes

The operation mode is determined from the state of
valves and magnets.

GUN Mode
o o Basic rule:
ANALYSIS Mode No operation mode, no beam.
GUN ‘
BYPASS Mode
N 2

BC1mH 1] \g\
GUN * ACCL C39 BC2  ACC2 ACCS EC3 ACCA ACCS ACCSE ACCT Collim,
FEL Mode

[ T ]
GUN 'S ACC 39 BC2  AQC2 ACCE BC3 ACCA ACCS ACCE ACCT Collim.

Undulator

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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. % BIS: Beam Mode

There are three beam modes:

« Single pulse mode (up to 2 bunches, no fast protection)
« Short pulse mode (up to 30 bunches, no fast protection)
* Long pulse mode (unlimited bunches, fast protection)

long pulse mode
Operator —— chooses <
short pulse mode

Operation mode short pulse mode
. s > limit to <
Screen/collimator positions

single pulse mode

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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HELMHOLTZ
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,_
[1] 5
sSeC sSeC
30
Sec

120
soac

=i Slow beam loss protection

BIS: BLM slow protection Undulator proteCtion

(undulator only in FEL mode)

EIS ELM protection disabled by wirescanners ° IOSS alarms in undUIator
EIS ELH protection disabled by operator .
section: too many too long
EIS stops ACC1-RF and closes laser shutter
more than 8 ELM alarms in undulator section _)Iaser/ACC1 Off
more than 4 BLM alarms in undulator section o Can be d|Sab|ed f()r 30 m|n

more than 2 BLM alarms in undulator section

(15) || more than 8 BLH alarms in linac sections
(30} more than 4 BLM alarms in linac sections
(60} || more than 2 ELM alarms in linac sections Darkcurrent prOteCtIOI’]
(click for history) . .
Odreadouc s ok | o |0SS alarms in linac: too
RESTART restarts beam after BIS-ELM-alarm many too Iong
DISAELE | disables BIS ELM protection (30 min)
—RF pulses shortened to
ENAELE re-activates EIS ELM protection 100 IJS

BLM Overyiew

e can be disabled for 60 min

M. Stoack 2006-04-35

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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Up to March 2006
max. 30 bunches/macropulse

18—20 March 2006
300 bunches/macropulse in
bypass line

FLS 2006, 15-19 May, Hamburg

Long pulse operatio

B —

0.99 nC

0.99 nC

o M Q

0.99 nC

0.99 nC

= d-—

0.99 nC

Inc]l  Toroid 3GUN
ez
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1.2
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1.2
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1.2
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0.98 ni -0.00 nt 0.00 ne 0.99 n
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— —N_ o e
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Lars Frohlich, DESY-MPY
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9. " "
r. Transmission problems S

Main problem: Losses in first 50 ys of the macropulse

2BYP 15BYP 35BYP / S57BYP 74BYP [ 94BYP
[1 L1 [1 L1
0.006F qtooiiTononn ] ONETR T WY | P |1 (1] [ 0.035 | 0.018 ~ "
] I 0.025F . [T | —— 0.012-
0.004 TR IR | 0.01— 0.025 T —— 0.008 -
0.003 0.008 — — 0.015 & L 14, - 0.004
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0.001 -~ - 0.004 0-035 -0.004
0. 0.002 o -0.008 -
-0.005 -
-0.001-"f ——— 0. —W 0.012-
-0.002, 1 | | | | -0.002, 1 | | | -0.015, AR R -0.018, , , |
600 . 800, 1000. 1200. 600 . 800. 1000. 1200. 600. E00. 1000. 1200. 600 . 800. 1000. 1200.
Res= 1,Buf= 1 L[] Res= 1,Buf= 1 [1] Res= 1,Buf= 1 L[] Res= 1,Buf= 1 [1]
[1 L1 [1 L1
0.07 TWEARRARRN AN 0.01'_— L ] 0.01 1777 g I Ul | 7 0.012° "+
3 0.008 +— e
ML ] 0.006 -
g'gz 0.006+— — 0.004- Lollies
: U LTI 3 0.002 0.
0.03 L - 0.004 +— 0. 0 004
0.02 0 002_' -0.002 - :
0.01- : -0.004 - -0.008-
0. - 0. —W ~0.006 - 0.012; -, = . Lo
o.01f 1 | 1 | | —0.002p 1 | 1 e -0.009 y Lb Ll —0.016],r i 8 L. e
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FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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Transmission problems

N\,
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Main problem: Losses in first 50 ys of the macropulse

ZBYP 15BYP
[1 L1
0.006F qtooiiTononn ] ONETR T WY | P |1 (1] [
0.004 —_— 0.01+— ——
0. - 0.008 — —
0. ——— 0.006
0. 0.004
. 0.002
-0.002} ! | ~0.002] 1 | . .
600 . 800, 1000. 1200. 600 . 800. 1000. 1200.
Res= 1,Buf= 1 [] RPes= 1,Buf= 1 [1
[1 L1
Sl ((NARRRARRNRNND 0.01'_— L ]
| S
o nc 1
uo - 356
5 bunches at 100 kHz
R
— = Metant = 3°88
= H Hmax= 26
Ymax= 33
~700 keV VetiiEn  tasiaacs
®sig= 15.0567
Frame # = 11794 19:45_17 17. Mar. 2006 IR 2.5628

| | o, o by |

Courtesy
Ch. Gerth

0. 20.
Res= 1_.Buf=94

BO. 100. 15. 25.
L1 Res= 1_.Buf=94

35.

45.

55. 65 .

(]

74BYP [ 94BYP

35BYP / S57BYP

{ RF vector sum alnplitude, ACC1
[ 520, 1
o MMMWMW “WII'I'\UMMMWWWW MWW

FLS 2006, 15-19 May, Hamburg

Lars Frohlich, DESY-MPY
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Fast beam stops seen on a BPM (induced by quenching cavity)

i cal splitter y. could not cal x-same par as y NB JLN 27feb0&
X BPM 9DUMP %= 1.683 y= —4.244 z= 249.12 n
TTF2.DIAG/EPM/9DUMP /R [ nml & BPM 9DUMP

10.
- 950 —
by
_2__
_E_-
m -10. |||||||||!|||||||||!|||||||||||||

&
|

650. 750. 850. 1000,
1953706 1973706 1923706 19°3 06 Res= 1,Buf= 5 [55]
[mq% TTF2.DIAG/BPM/9DUMP/Y I gp] Y EPM 9DUMP
0. f
_2_: g
Y —4. 7
_E_:
_E__
—-10. _||||||||| 1 .|!|||||||||!||||||||||||||
3 h 4 h 6_h 600. 700. 800.  900. 1050,
19.3.06 19.3.06 BRI res— 1.Buf= 5 [5s]

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



. % Conclusion and outlook
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Past
* Frequently >100 Gy/shift in undulator

« Several false alarms of the fast system (photomultiplier HV failure
detection), but mostly fixed

Present

« Undulator protection accepted by operators, dose rates mostly below
detection limit

« Slow system (BIS) well-tried
« Fast machine protection system operational, not yet accepted

Future

« Tight tolerances on beam losses may be relaxed
« Make operation with long pulses the default

« Lasing with long pulses (August 2006)

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



7. % pY
T, b R

= ———
TR UVAFEL- STATUS
Sun. 19 .Mar.2006 03:24:49

Charge/Bunch at Gun Total Transmission

0.92 nC 100 =
Bunches/Macrop. at Gun End-Energy/Electron

298 0.47 GeV
Macrop. Rep.-Rate Beam Power at Dump

5 Hz 0.64 kW

Thanks for your attention.

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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. (3% Slow beam interlock M

The BIS is the brain of the MPS.

. L (under construction)
E##tae ]| BIS panel for operation GUN-TCOL O t ts .
Single Fulse u u []
Eh\lrt Bllll(ll
Ll 382 Shutter
1GUN 2GUN 3CUN /4  4DBCZ  BD 8D 9D 10DBC2 JUBC3  BBCI 4ppc3SDBC 1ACCE 1418 1713»\&;
;oo . TNy AN 77 Lws7ee, °
screens = ' 3 -
v V2 v3 3sgc2 W s B ’ w? g 11ACCY 2TCOL
16uN 14CC1 17801 60BC2 1ACC2 15403 11803 14CC4 15405
GUN/IDUNP : ACCY: Errors in BC2 section: ACC2/3: Errors in BC3 section: ACC4/5: ACCE-TCOL1: L a S e r p u I S e CO I Itro I I e r
3 soLAMCUN SERCC1 E gll.lBCZ DB 2 OTR 3BC2 E RCCZ E g'ﬂJBCS E §1DBC3 SBRCC‘I E gSRCCE
10RCC 1 2UBC2 1, 1DBC2 OTR 35EC2 1ORCC2 2URBCE 2DBC3 10ACC S M OACCE
1GUN MIRRGR E 10RCC 1 FUBC2 2DEC2 OTR 4DECZ HIOACCE | | 3 pr—tapes 3DEC3 E 10ACCH O qsacc?
2GUH MIRRGR 10RCEH | | B p1-ascz 2, 2DECE OTR EDECZ 0RCCH
ZGIJN/SLIT 30BC 2 OTR SDECZ SACCS H1BC3 ©TR ZUEC3 O eatcoL . M .
2GUHF R H1ECZ 4-100BC2 OTR 10DECZ 10RCCE HaBC3 OTR BBC3 FACCE TR 1980CT
3GUH/COLLIMQTOR HzZBCZ2 10, DBC QTR _SDBCZ M ORCCS HSEC 3 OTR 11BC3 10ACCS OTR 1BRCCT
3GUI| Fﬁ H3BCZ2 11 DECZ coll Temp MO0RCCS H1OBCS 10ACCS OTR 178007 .
HaBCE 1 2DECE Coll water H11BCZ [ ©TR SpBCI M0RCES S1f 188555
H136C3 ColL 276l
= FEL-Mode: DEDUMP on, DIBYP off, Hasylab-V0 open ACCA-DUMP -->
Enable GUN-RF
= scranic - . Bypass-Moda DIBYP on, DEDUMP off . . .
ranlfreigabe
[ test win ]
[ Enebie Lecer Shutter UIER A ° -
[ enabie acci-re ‘ Screens in? | ‘ Overview | | BIS I/0 bits | ‘ BIS MKK bits | W, Stenck 2006-01-31

« Configuration of the fast

(under construction)

Short EBunch pernission
FronRstiad

GUN Mode . - [
E m:'fs“"1d Ll Brs panel for opel-atlo;1iggygp-£l,l P - e et Syste m ( mas kl N g

Long Eunch EBYP

?EHEE

aTcoL [
Vi SECOL PHMATCH 3SUND;SUNDS S 89 145EED
Sy ;474 sER / Hasne [ ]
3 1 1 o
T1ACCY  2TCOL 12ERP
L /5o
15ACCS 4 )
H
a
1z [ BIS-BLM-info window | 130UMP
ACCA/5: ACCE-TCOLT: Err T1BYS BE TP T18BYP 17B 7P 37BTP 538 VP 3B TP ©TR 35BTP L1DUMP DUKP : ‘ ’a l I I O ‘ E
figid % SE P 5B TP 156 TP 358 TF 7SE VP T B8P OTR 3ETE SDUNP qloour
3RCCa B s ihd SEETF i 1EE TR 3EE TP 476 TF 526wk [ PR &TR EFETE EDUHP
10ACC S 10ACCE e
1oacsd | |23 qaecer? 0= = Q
10RCCH ECOL: ] garcoL HATCH/SUND: [ qitmTcH SEED-UND: P:
= czrcoL IBTF O gatcar O gematcH 1 BSEED 51D 5| CEDUMF
GRCCE. CTR 14ncc7] COLL @Teal [ t-7EcoL OTR TMATCH [ GamaTch OTR ESEED 1 BSEED E1ND1~E| SRR
10ACCS STR 1anecs OTR 9TCOL [ H1ECOL OTR 35UNDT [ GGMATCH 205EED SUNDE TUEXP 1 OTk SDume
10ACCS ST 1ehees COLL ZECOL [ s2ECoU OTR 25UNDZ [ Gisunot n, SSEED ZT5EED GUNDE 11EXP 1o win o
0ACCE oI 18=sg) COLL 3ECOL [ QEecor £ gs-sunpt TR135EED 225EED 31 6Tk 12e%F g i,
oL Breal GTR SECOL [ GAECOU £ Ga-3unpz Flow buip [
B H7ECoL pilo bump
in
- mLUEEL [ Enable cow-mr FEL-Mode DEDUMP on, DIBVP off, Hasylab-V0 open
= Bypass-Mode: DiBYP on, DEOUMP off BIC Status
Strahlfreigabe BLM
= BT5 Eest win
Enable Laser Shutter
[ enabie acci-rre ‘ Screens in? | ‘ Overview || BIS 1/0 bits | ‘ BIS MKK bits | M. Stenck 20080171

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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7. 3% FLASH overview

BC2
BC3

RF gun
.%;@Accﬂ A/V_V\/\—\ IACCZHACC3H@WACC4HACC5}_____.

Dispersive arm,
dump

Bypass

Photon

(ACC6) (ACCT) W beamline

_——— 75 v\&Seeding section

Undulator

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



. % HF-Pulslangen
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Kurze Pulslangen
Gun: reduzieren [sqrt(kW)]1 GUN Pforw. Ampl.
800 us Dunkelstrom! "

Kalte Module (ACC1-5):
800 ps e

Der ,flat top” bietet Platz fur [1, VECTOR.SUM. awpL
* bis zu 800 Bunche (1 MHz) ™|

3000, +

* bis zu 7200 Bunche (9 MHz) ...

3000, +

2000,

1000, +

0. L

1 1 1 1 1 1 1 1
0. 400. 800. 1200. 1600, 2200,
Res= 1,Buf= 0 L1

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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7. %  Beam Interlock Concentrators

HELMHOLTZ A
GEME IHSCHAST g =

Ein BIC ist ein logisches
L,ODER" mit Zusatzfunktionen.

« Je 16 Eingange (RS-422,
galvanisch isoliert)

« Je 2 Ausgange (RS-422)

« Eingange maskierbar

< 3 us Reaktionszeit
(inkl. Laufzeiten im Kabel)

* Auslese u. Steuerung per
Profibus

 Redundanz durch FPGA +
diskrete Logik

f BIC --._:__. = | e : ‘__ r‘.:r:

— M. Werner

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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7. ;:i Beam Loss Monitors

18 Sekundaremissions- 49 Photomultiplier (PMs)
Multiplier (SEMs) mit Szintillator-Panels

\ 7 A'.
L

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



F. 3% BLM-Alarmerzeugung
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L 0] e ! TTFZ_DIAG/BLM/2BCZ/CHOD.TD
B R e LR PP ---- “fast high” threshold
0.014 | (Single bunCh)
0.012 1
L Y L e e e e R LR RLEEE ---- “fast low” threshold

. (several bunches)
0.008 ?ij‘ ii

0.004 | / integl’ation threshold
/ (over RF gate)

-0_002 Tt ! (i) ! | ! [ 1 et bl 1 [ 1 ] 1 ! el !
500. 550. GO0, 630. 700. 730. 800 . 850. 900. 930.
RBes= 1,Buf= 3 [l

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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9 VME-Karten in Gebrauch

« Je 8 Eingange fur BLM-
Anodensignale

« Je 8 Alarm-Ausgange (RS-422)

« Je 8 Ausgange zum Anschluss
von ADCs

« Verschiedene Alarmtypen

» Uber VME-CPU direkte
Anbindung ans DOOCS 74
- Timingmodule und Testpulsgeber {3
als VME-Karten vorhanden

=
~

o
e WA
-

i

— P. Gottlicher, M. Reinecke (FEB)

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



. %  Toroid Protection System

HHHHHHHHH

GEME IHSCHAIT

Uberwacht Ladungsverlust im Linac durch Auslese von
Toroid-Paaren

Alarmtypen:

« charge validation (Erster Toroid < 0.05 nC)

 single bunch mode (Transmission < 75 % fur 1 Bunch)
 slice mode (Transmission < 99 % fur 100 Bunche)
 integration mode (Verlorene Ladung > 10 nC)

— A. Hamdi, J. Novo (CEA/Saclay)

~ o PROG/RUN
e UART = N
e a | |
£ :-_-_-—x.-.-_ng;--.{ O o ulg )
- ] RCFG RESET b E
- T34 TOROID PROTECTION SYSTEM | SIR
= r ; .

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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« Toroid-Signale werden mit

14-Bit-ADCs abgetastet
« FPGA zur schnellen —4
Alarmerzeugung - [ ) [
« 4 RS-422-Alarmausgange %ﬁ Jlaﬂ {
« Statusbits zum BIS uber
Optokoppler

 Mikrocontroller fur
Kalibration, RS-232

* Einstellung von
Alarmschwellen uber RS-232

9MHz bunch control leds UART
L cocks gme &swiches pon

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY



7. %%,  Beam Interlock System
Das BIS ist das ,Gehirn“ des MPS.

« SPS

* 192 Eingange

« 32 Ausgange

« 256 dezentrale Eingange

« Auslese u. Steuerung der
BICs uber Profibus

» Ethernet-Anbindung
« Zykluszeit 1.2 ms
* Modularer Aufbau

— M. Staack (MVP)

FLS 2006, 15-19 May, Hamburg Lars Frohlich, DESY-MPY
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X BIS_mode_BYP: TTF2.UTIL/BIS// - 03| | XBIS_mode_FEL: TTF2.UTILMBIS/ M= =
BIS: how to get BYPASS—Mode BIS: how to get FEL-Mode
BIS 1.) switch on magnets — EIS 1.) switch on magnets
] GUN+CATH S wy) arEn rElEs e o || ggg-{-CATH ™ 2.) open valves in undulator path
— EE? 3.) load magnet currents for BYP | BC2 3.) load magrllet currents for FEL
| accz 4.) BYPASS mode should turn green — ggg% 4.) FEL required turns to green
| | ACC3 | BC3 if BIS-box is completely green
— 5534 || acca 5.) HASYLAE Vacuum should be green
| | accs — EEEE (try reset in Yac-win)
] ﬂEEg | accz 7.) toggle CLOSE/OPEN in Vac-win
L | TCoL-1 — ¥Egt:% will open the valve VO
— [B]EE'IP || ECoOL 8.) ¥0 should be open now
— | | MATCH
' T°1 BYP valves open BYPASS-Mode || glélr'élg
] D1BYP ON —
| D6DUMP OFF & DEI —| ghhoT
| Tecumr on — Exp FEL-Mode
[] strahlfreigabe | .- | DumMmP [
ANALYSIS-Mode ] uND valves open .,
GUN+CATH [ DGEDUMP ON &
IDUMP ON TEDUME &N FEL™ p
GUN valve open ] strahlfreigabe | . require
B g 1acct closed & ["oimouw N
[ strah1freigabe |. ]| GUN--Mode EEAMVALVE
OFFL__ [~ FEL_LAB. ENABLE -
LINAC_READY |'U'ar.: Y0 open
vac OK Hasylab =
M. Steeck 2006-03-19 -~ N. Stepck 2006-03-12
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