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Abstract

In orderto achieve the designluminosity of theNext LinearCollider, themain
linac mustacceleratérainsof bunchedrom 10GeVto 500GeV while preserv-
ing verticalnormalizedemittance®n theorderof 0.05mm.mrad.We describe
a setof simulationstudies,performedusing the programLIAR, comparing
severalalgorithmsfor steeringhe mainlinac; thealgorithmsarecomparedn
thebasisof emittancepreseration, convergencespeedandsensitvity to BNS
phaseprofile. Theeffectsof anATL mechanisnduringthe steeringporocedure
arealsostudied.

1. Intr oduction

The Next Linear Collider (NLC) is a single-passlectron-positrorcollider capableof achieving a lu-
minosity of 103*cm~2sec™! at a centerof-massenegy of 1 TeV [1]. The NLC usesa pair of X-Band
(f = 11.424 GHz) linear acceleratorsyith approximately5,000 RF structuresand 750 quadrupoles
in eachlinac, to acceleratehe beamsfrom 10 to 500 GeV. The total length of eachlinac is over 10
kilometers.

In orderto achieve thedesireduminosity eachlinac mustaccelerat@é 270nanoseconttain of 95
bunchesoneachl120Hz machinecycle,andmustpresere anincomingnormalizedemittancenhich can
be assmallas0.03mm.mrad.Novel structuredesignscan mitigatethe emittancedilution dueto long-
rangewakefields[2]; thisleavesdispersiorandshort-rangavakefieldsfrom the structuresastheprimary
cause®f emittancdilution. In bothwakefieldsanddispersionthe emittancedilution canbe controlled
throughproperalignmentof the accelerator The NLC designcalls for an unprecedentedmphasison
measuremerdndcorrectionof misalignments:

e Eachquadis supportedn a remote-controlledranslationstagecapableof 2 mm motionsin x
andy, with submicronstepsizes
e EachRF structuregirder (3 structures)s supportedn aremote-controlledranslationstagecapa-
ble of £2 mm motionsin x andy ateachendof eachgirder, with micronstepsizes
e Eachquadcontainsa beampositionmonitorwith aresolutionof 1 micronin z andy for asingle
bunchwith achage of 10*°
e Eachstructurecontainsa beampositionmonitor at eachendwith a resolutionof 5 micronsin x
andy for asinglebunchwith achageof 101°.
We considerthreealgorithmsfor corvertingbeampositioninformationin the quadandstructureBPMs
into changesn translationstagepositions.

2. Description of the Algorithms
2.1 *“Canonical” Algorithm

The algorithm usedto study beam-base@lignmentin the 1996 NLC study divides the linac into NV
sgmentscontainingequalnumbersof quads(in practice, 14 segmentswith approximatelys50 quadsper

Work supportedby the Departmenbf Enegy, contractDE-AC03-76SF00515.
Email:quarkpt@slac.stanford.edu

111



sggment)anduseghe quadrupoleBPMsto computea setof magnetmoveswhich minimizes(in aleast-
squaresensethe RMS BPM orbit. In orderto preventthe magnetmovers“rangingout; thealgorithm
simultaneouslyeekgo minimizethe RMS magneimotion,resultingin anoverconstrainedit. Oncethe
guadshave beenmoved, eachstructuregirderin the segmentis thenmovedto zerothe averageof the 6
structureBPMson thegirder

In this algorithmtheleast-squaresngineusesthe wake-freeopticsmodelto predicttheresponse
to quadmoves,andassumeshatgirdermovesonly changehereadingsof BPMsonthegirder Because
the wakefield contritution is not includedin the calculation,it is necessaryn real life to iteratethe
algorithmon eachsegmentseveral timesbeforemoving on to the next segment,andto pick segments
which areshortrelative to the characteristigronth distanceof wakefieldinstabilities.

In orderto matchthe alignmentfrom one segmentinto another the magnetsat the endpointsof
a sgmentare held fixed in position: a steeringmagnetat the first quadis usedto steerthe beaminto
thelastquad,andits valueis determinedaspart of theleast-squareft. Thusthealgorithmresultsin a
piecavise-straightalignmentwith kinks atthe endpointof sggments.

2.2 *“Canonical” Algorithm with MICADO

Undersomecircumstanceshe “Canonical” algorithmwill leave an RMS orbit which is larger thanthe
BPM resolution.Errorsin positioningof the mary quadswill sometimegonspireto producea betatron
componento the orbit. In orderto furtherreducethis, the “Canonical”’ algorithmcanbe followed by a
MICADO algorithm[3], which attemptgo identify the minimum numberof magnetmoveswhich pro-
ducethegreatestmprovementin the orbit. For the purpose®f this simulation,the MICADO algorithm
was constrainedo useno morethan7 magnetsandto seekan RMS orbit toleranceof 1 micron. In

executionsereraliterationsof the “canonical”algorithmwould be performedon analignmentsegment,
followed by severalMICADO algorithms.

2.3 “FrenchCurve” Algorithm

The*“canonical”algorithmincorvenientlyrequirescorrectormagnetsat the endpointof eachsegment.
An algorithmwas soughtwhich would not require suchmagnets but still permittedthe segment-to-
segmentalignmentmatchingprovided by the correctors.The “FrenchCurwe” algorithmis very similar
to the “canonical”algorithm;however, no correctorsaareused,andinsteadaftera segmentis alignedthe
next sggmentis selectedstartingin the middle of the mostrecentone. Thusthe alignmentis performed
on full sgmentsbut advancesdown thelinac in half-sgments resultingin a smoothalignmentwithout
correctors.

3. Simulation Studies

Eachof the 3 algorithmswasstudiedwith LIAR [4], alinearacceleratosimulationprogramwhich per
formstrackingwith transerseandlongitudinalwakefieldsfrom RF structures.The generalconditions
of thesimulationaredescribedn the sectionabove andin Tablel.

Tablel: Generaparametersisedin thesimulations.

\ Parameter \ Value |
BunchChage 1.1 x 10%°
Quad-BPMOffset 2 microns
Structure-BPMOffset 0 microns

Incoming e, 0.04mm.mrad

112



3.1 Mover StepSize

Figurel shavs the emittancedilution of eachalgorithmasa function of the magnetmover stepsize. In

eachcasethe algorithmwaspermittedto iterateto corvergence(seenext section).While MICADO can
improve the performanceof the “canonical” algorithmat large stepsizes,it cannotreducethe residual
emittancegrovth whichoccursfor smallstepsizes.The“frenchcurve” algorithmhasasmalleremittance
growth for perfectmoversthanthe“canonical;”its emittancedilution is alsoawealer functionof mover
stepsize.
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Fig. 1. Emittancedilution asa functionof magnetmover stepsizefor 3 mainlinac steeringalgorithms.

3.2 ConvergenceSpeed

Figure 2 shavs the numberof iterationsrequiredto reachconvergencefor “canonical” and “french
curve” algorithms. While the latter algorithm requiredfewer iterationsper sggment, it also requires
twice asmary sggmentsasthe“canonical”algorithm,andis thussomevhatslower in termsof time.

3.3 Energy Overhead

In orderto reducethe impactof incoming beamijitter on emittance the NLC linacswill be operated
with a substantiahead-tailenegy difference[5], which is parameterizetiereaslinac enegy overhead
(linac voltagein excessof thatneededo achieve the desiredenegy at extraction). Figure 3 shavs that
theemittancalilution increased$inearly for both“canonical’and“french curve” algorithmswith enegy
overheadnotethatthis is contraryto thejitter behaior: moreenegy overheadesultsin lessemittance
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Fig. 2: Emittancedilution asa function of numberof iterationspersegmentfor “canonical’and“french curve” algorithms.

dilution for a bunch executinga betatronoscillationdown the full length of the linac). However the
“french curwe” performancas betterfor all valuesof enegy overheadconsidered.

4. Diffusive Ground Motion

In recentyears,Shiltsey [6] hasoffered evidencethat acceleratoralignmentdegradesaccordingto a
diffusive processTheso-called’ATL Law” stategshatcomponentsvhich areab initio perfectlyaligned
will bemisalignedby anRMS distancer whichis relatedto thedistancebetweerthecomponentd. and
theelapsedime T by:

0?2 =A-T-L. (2)

The coeficient A is a comple function of site geology cultural noise, and constructiontechniques.
FurthermoreA is not preciselyconstantin time, but is subjectto changeover the courseof mary years.
Howeveronthescaleof secondsgays,or months Equationl mayrepresenalowerboundonachieable

alignmentperformance.

In orderto simulateATL misalignmentsn the context of acceleratosteeringit is necessaryo
assumavaluefor A andatime 7" over which alignmentoccurs.For this studywe assumehatthe NLC
will have avalueof A of 5 x 1077 u? /meter /second, which is low but not unachigable. We assume
thatthe initial steeringof the acceleratofrom a coarsestateof alignment(50 ;. RMS misalignments)
to corvergencerequiresl minuteperoperationof quador girderalignment(thusapproximately3 hours
for thefull linac), while subsequerdteeringoperationgequireonly 1 iterationpersegmentandonly 30
secondgperoperation.We assumehatsteerings performedconstantly
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Fig. 3: Emittancedilution asa functionof enegy overheador “canonical”and“french curve” algorithms.

Figure4 shaws the performanceof the “french curwe” algorithmwhenATL misalignmentsccur
duringsteering.Passl in Figure4 is the 3 hour, multi-iterationpass:the emittancedilution is increased
from 34%to 65% by ATL misalignmentsThe subsequenfastpasseschieze anequilibriumemittance
dilution of 50%.

5. Conclusions

We have evaluatedseveral algorithmsfor steeringthe NLC mainlinac to reduceemittancedilution due
to short-rangevakefieldsand dispersion. We find that a relatively robust algorithm exists which pro-
ducesacceptablysmall emittancedilution. Furtherstudiesof the algorithmarerequired. Theseinclude
multibuncheffects,improved modellingof the structureBPMs, interactionwith steeringfeedbacksand
additionaldilutionsfrom othersources.
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Fig. 4: Performancef “french curve” algorithmwith diffusive groundmotionincluded.
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