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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)
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. % 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)
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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

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

-———- Seeding section
LA

energy collimators
(curr. @ 4-6 mm)
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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
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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
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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



r. 5 Slow beam loss protection

HELMHOLTZ
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BIS: BLM slow protection Undulator protection
__(undulator only in FEL mode)
|| BIS BLH protection disabled by virescanners ° IOSS alarms N undUIator
EIS ELH protection disabled by operator . .
= section: too many too long
] EIS stops ACC1-RF and closes laser shutter
@ sef more than & ELM alarms in undulator section _)Iaser/ACC1 Off
s:cu more than 4 BLM alarms in undulator section . .
:-Ecu more than 2 BELM alarms in undulator section * Can be dlsabled for 30 mln
(15) || more than 8 ELM alarms in linac sections
(30} || more than 4 ELM alarms in linac sections
(60} || more than 2 ELM alarms in linac sections Darkcurrent prOteCtlon
(click for history) . .
Oreaoe sme ok | o |0SS alarms in linac: too
RESTART | pestarts beam after BIS-BLM-alarnm many too Iong
DISAELE | disables BIS ELM protection (30 min) _)RF pU|SeS Shortened to
ENAELE re-activates BIS BLM protection 1 OO IJS
511 overvien B * canbe disabled for 60 min

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

[nC] Toroid 2UBC2
1.2

[ncl Toroid 10DEC2
1.2

[nc] Toroid 1UBCT
1.2

[nC] Toroid SDECY
1

2
0.8 0.8 0.8
0.6 0.6 0.6 |
0.4 0.4 0.4
0.2 0.2 0.2 |
0. 0. A

0.
-0.2 =, 2 hiadimibanlmoluntond ol _o_zl Lindnodiawingiln s _0_2! minail hiaal
0. 650. 800, 1050 650,  ROO. 1050 650. 800, 1050
[ usl - [ wsl [ wsl [ wsl
= ‘-\r O-H\ i I:IE__S_:I.—-—D
0.98 ni -0.00 nt 0.00 ne 0.99 n

[nl’.‘]2 Toroid 1TCOL

[nl:I] Toroid TMATCH [nr.‘] 2 Toroid 12EXP [nEI] o Toroid SDUMP
2 . =

[} 0.8
o 0.6 |
. 0.4
0. o 0.2
0. 5 o o. -
=0, 2 Dudissliua diioubosalical =02 udboadusdissluslon b 0,2 Juslual habinik
650. ROO. 1050, 650. ROO. 1050. 650. KOO 1050
[ usl [ wsl [ ws]
R I oW
0.00 nC .00 nt -0.00 .00 nt -0.00 nC
[ncl  Toroid 36um InC]  Toroid Zuscz (ncl  Toroid 10D8CZ InC]  Toroid 1UECH (ncl  Toroid SOBC3
1.2 1.2 1.2 1.2 1.2
1. 1. 1.
0.8 0.8
0.4
0.2
. . . 0. .
0.2 |ttt ~0.2 Juutuguniuadu 0.2 Junlutiduttia 0.z frrrd b 0.2 Jasal el
700. 850, 1050. 700, #50. 1050, 00, #50. 1050. 700, #50. 1050.  Fo0. #50. 1050
Res= 1,Buf= 4 [ ws] Res= 1,Buf= 4 [ us] Res= 1,Buf= 4 [ us] Res= 1,6uf= 4 [ us] Res= 1,buf= 4 [ wsl
— —N_ o e
0.00 ne 0.00 ne 0.00 ne 0.00 ne 0.00 nC
[nt]  Tereid 1TCOL [nc]  Teredd 16EYP [ncl  Terodd THATCH [ncl Tereid 1ZEXP [ncl  Toereld JDUNP
1.2 1.2 1.2 1.2 1.2
1. 1. 1. 1. 1.
0.8 0.8 0.8
0.6 0.8 0.6
0.4 0.4 0.4
. 0.2 0.2 0.2
a. . 0. o 0. 0.
e [T = e I i o ee= vy | I BT
F00. B50. 1050, 700, 850, 1050, 700. 850, 1050. 700. 850. 1050, 700. 850, 1050,
Res= 1,6uf- 4 [ ws) Res=- 1,6uf- 4 [ wusl Res= 1,Buf= 4 [ us] Res- 1,6ulf- 4 [ ws] Res= 1,Buf= 4 [ wsl

Lars Frohlich, DESY-MPY



0®
f: DESY
oz @

Transmission problems
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Main problem: Losses in first 50 us of the macropulse
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. (% Transmission problems
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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
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TSTATUS, V1.0

Charge/Bunch at Gun

0.92 nC

Bunches/Macrop. at Gun

298

Macrop. Rep.-Rate

5 Hz

TTF VUV—FI
File Healp FLASH

TTE 3OV=FEL STATUS
Sun. 19 .Mar.2006 03:24:49

Total Transmission

100 %

End-Energy/Electron

0.47 GeV

Beam Power at Dump

0.64 kW

Thanks for your attention.

FLS 2006, 15-19 May, Hamburg

Lars Frohlich, DESY-MPY
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