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SNS Beam Chopping and its I mplications for Machine Protection *

ColesSibley, OakRidgeNationalLaboratory
andLarry Doolittle, E. O. LawrenceBerkeley NationalLaboratory

Abstract

The SNSfront endhasa high speedchoppingcapability
which hasthe primary purposeof creatingthe250nsbeam
gapsessentiafor safering kicker operation.This chopper
is also predictedto be capableof extinguishingthe beam
completely andholdingit off indefinitely, without damag-
ing or activating ary hardware, and without even chang-
ing the thermalequilibrium of ary RF gear It is, how-
ever, anintrinsically non-fail-safeapproacho blankinga
potentially2 MW averagepowerH~ beam.This papemwill
describethe front endchoppingprocessandthe interlock
systemsthat will allow it to be usedas a convenientini-
tial mechanisnfor on-demandeamblanking. It will also
describetheinstrumentatiorthatwill detectfaultsandini-
tiate slower, morereliable,andlessoperationallydesirable
meanof turning off the beam.

1 INTRODUCTION

One category of shutdavn commandfrom the SNS Ma-

chine Protection System (MPS) requestsan immediate
shutdavn for the restof the 1 ms nominalbeampulse,but

themachineshouldcontinueto operatestartingatthe next

scheduled60Hz nominal) pulse. A typical use of this
modeis for whena beamloss monitor exceedsa thresh-
old. The shutdavn mechanisnshouldbe asfastandmini-

mally invasive aspossible sothe machine$ operabilityon

the next pulsewill not be jeopardized. This implies that
neithercavity RF nor the sourceplasmashouldbe turned
off.

As describedbelow, the LEBT choppercan deflectat
least98% of thebeaminto the 65keV “dump”. Becausef
the vagariesf this choppeythereis no possibleway for it
to be consideredh fail-safeshutof. Thetrick to effectively
usingthis mechanismis to have fastandreliablemeansof
detectingits failure,andto have a fastandreliablebackup
methodto kill the beam. Fastin this casemeansthe to-
tal time from primary shutdavn input to beamshutdavn,
throughthe secondarychannelpeedgo belessthanabout
10us.

The RFQprovidesa satishctorymeango shutdown the
beamreliably. A kill switchin the RF drive line will re-
ducethe field to a non-propagatindevel in about5 pus. If
the systemresortsto this backupmethod,the fault shifts
to the“latching” category, becaus¢hethermalequilibrium
in the RFQ is disturbed. Figure 1 shavs the architecture
schematically
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2 SECOND STAGE BEAM SHUTOFF

The primary meanf detectingfailure of the LEBT chop-
peris to measureandfault-checkeightsignalsat 32MHz:
the four deflectionelectrodevoltages,and the four split-
electrodecurrentsignals. The processof digitizing wave-
forms of currentandvoltageis fail-safe: the chancethat
broken wires, changesin gain, and extraneousrandom
noise cantake an invalid signaland make it passa long
seriesof window testsis vanishinglysmall. All obvious
hardware failure modesare detectedby this arrangement.
Thesencludefailuresin the £3kV powersupply the high
voltage switch, the capacitve coupling network, the tim-
ing generatarand cablesbetweenthe abose components
Thesplitelectrodemeasuremeris designedo detectsmall
amountsof mis-steering.lt is alsotrue that, by looking at
the simplesumsignal, mis-steeringhatis sufficient to let
beamthroughduring the intendedchoptimescanalsobe
detected.

The signal processinghasto happenwith lateny less
than a few microsecondssince the time to melt beam
line (especiallyat the 2.5-7.5MeV segment of the ma-
chine)is in thatrange. Time to clearthe beam. Corven-
tional computertechnology(microcontroller DSP RISC,
and multi-CPU collectionsof the above) may reachvery
high throughputandaveragespeedbut guaranteethteng
behavior is not sogood. The currentgeneratiorof FPGA
chips can, when carefully used,cycle at 50to 200MHz,
andperformsimplecomputationsvith afew cycle lateng.
Parallel, adjustablewindow comparisonf four to eight
channelsountassimplecomputations.

FPGAsare uniquelytestableandall logic circuits and
wiresonthechip arefully testedatthefactory Within lim-
its, thefirmwarethatrunsthe FPGAcanbetestedn a soft-
ware simulator(this is oneof the big reasons/erilog and
VHDL designmethodsareso popular). With the addition
of bench-testlesignverification,usingsuchtime honored
methodsastemperatur@ndfrequeng guardbandtesting,
we expectto meetstandard®f soundengineeringsuitable
for the project's QA-2 level.

3 LEBT CHOPPER OPERATION

LEBT Chopperoperationis explainedin moredetail else-
where. High speedchoppingwaveformsare capacatiely
coupledontoelectrodesvhosD.C. potentialsetsthe static
steeringandfocusingbehaior. Becausef thatA.C. cou-
pling, the choppingwaveformshave to be designedo have
zeroD.C. component. The waveformsshown in figure 2
have thatproperty The only time a smallamountof beam
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Figurel: Schematiof the beamlineandredundantutoff mechanisim.

might leak throughthe chopperis during the 40ns transi-
tionsbetweerdwell points,whenthe deflectionis 1/+/2 of
the designpoint. Theseeventshappenat roughly 1 MHz,
suggestinghatthe overall choppingratiois atleast98%.

The LEBT choppettarget(ontowhich the chopperelec-
trodesdeflectthe beam)are designedto acceptthe full
150Watts of beampower that would arisefrom a having
the whole 1 ms pulseland on the target at 60Hz. The
MEBT chopper on the other hand, can only acceptThe
heatload onthe MEBT choppertargetundercutoff condi-
tionsis no morethanthatduringnormaloperationssoit is
possibleto usethe combinationof chopperdo achieve full
(betterthan10~*) extinction of the beamin thelinac using
the chopperswhile leaving all RF systemsunning.

4 MPSINTERACTION

The Choppercontrolsneedto be ableto shift to model
with microsecondateng, sothe FPGAthatcontrolsthese
waveformsmusthave a direct connectionfrom the MPS.
The fault detectionsubsytemslsoneedsucha directcon-
nection. Finally, the fault detectionsubsystemseedto
be able to communicateébackto the MPS, with a similar
low lateng, sothatbackupshutof canbetriggeredif this
methodfails. Additional levels of protectioncanbeincor-
poratednto theMPS,suchasfromthecurrenttransformers
andbeampositionmonitorsinstalledin the MEBT.
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Figure2: LEBT choppemwaveformsat the mini-pulsescale..





