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Abstract
In orderto achieve thedesignluminosityof theNext LinearCollider, themain
linacmustacceleratetrainsof bunchesfrom10GeVto500GeVwhilepreserv-
ing verticalnormalizedemittancesontheorderof 0.05mm.mrad.Wedescribe
a set of simulationstudies,performedusing the programLIAR, comparing
severalalgorithmsfor steeringthemainlinac; thealgorithmsarecomparedon
thebasisof emittancepreservation,convergencespeed,andsensitivity to BNS
phaseprofile. Theeffectsof anATL mechanismduringthesteeringprocedure
arealsostudied.

1. Intr oduction

The Next Linear Collider (NLC) is a single-passelectron-positroncollider capableof achieving a lu-
minosityof �������
	���
�������	�
�� at a center-of-massenergy of 1 TeV [1]. TheNLC usesa pair of X-Band
( ��������� ��� � GHz) linear accelerators,with approximately5,000RF structuresand750 quadrupoles
in eachlinac, to acceleratethe beamsfrom 10 to 500 GeV. The total lengthof eachlinac is over 10
kilometers.

In orderto achieve thedesiredluminosity, eachlinacmustacceleratea270nanosecondtrainof 95
bunchesoneach120Hz machinecycle,andmustpreserveanincomingnormalizedemittancewhichcan
beassmallas0.03mm.mrad.Novel structuredesignscanmitigatetheemittancedilution dueto long-
rangewakefields[2]; this leavesdispersionandshort-rangewakefieldsfrom thestructuresastheprimary
causesof emittancedilution. In bothwakefieldsanddispersion,theemittancedilution canbecontrolled
throughproperalignmentof theaccelerator. The NLC designcalls for an unprecedentedemphasison
measurementandcorrectionof misalignments:

! Eachquadis supportedon a remote-controlledtranslationstagecapableof "#� mm motionsin $
and% , with submicronstepsizes

! EachRF structuregirder(3 structures)is supportedona remote-controlledtranslationstagecapa-
ble of "#� mm motionsin $ and% ateachendof eachgirder, with micronstepsizes

! Eachquadcontainsa beampositionmonitorwith a resolutionof 1 micronin $ and % for a single
bunchwith achargeof ��� �'&

! Eachstructurecontainsa beampositionmonitorat eachendwith a resolutionof 5 micronsin $
and% for asinglebunchwith achargeof ���
�'& .

We considerthreealgorithmsfor convertingbeampositioninformationin thequadandstructureBPMs
into changesin translationstagepositions.

2. Description of the Algorithms

2.1 “Canonical” Algorithm

The algorithm usedto study beam-basedalignmentin the 1996 NLC study divides the linac into (
segmentscontainingequalnumbersof quads(in practice,14 segmentswith approximately50 quadsper
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segment)andusesthequadrupoleBPMsto computeasetof magnetmoveswhichminimizes(in a least-
squaresense)theRMS BPM orbit. In orderto prevent themagnetmovers“rangingout,” thealgorithm
simultaneouslyseeksto minimizetheRMSmagnetmotion,resultingin anoverconstrainedfit. Oncethe
quadshave beenmoved,eachstructuregirderin thesegmentis thenmovedto zerotheaverageof the6
structureBPMson thegirder.

In this algorithmtheleast-squaresengineusesthewake-freeopticsmodelto predicttheresponse
to quadmoves,andassumesthatgirdermovesonly changethereadingsof BPMsonthegirder. Because
the wakefield contribution is not includedin the calculation,it is necessaryin real life to iteratethe
algorithmon eachsegmentseveral timesbeforemoving on to the next segment,andto pick segments
whichareshortrelative to thecharacteristicgrowth distanceof wakefieldinstabilities.

In orderto matchthealignmentfrom onesegmentinto another, themagnetsat theendpointsof
a segmentareheld fixed in position: a steeringmagnetat the first quadis usedto steerthe beaminto
the lastquad,andits valueis determinedaspartof the least-squaresfit. Thusthealgorithmresultsin a
piecewise-straightalignment,with kinks at theendpointsof segments.

2.2 “Canonical” Algorithm with MICADO

Undersomecircumstancesthe“Canonical”algorithmwill leave anRMS orbit which is larger thanthe
BPM resolution.Errorsin positioningof themany quadswill sometimesconspireto producea betatron
componentto theorbit. In orderto further reducethis, the“Canonical”algorithmcanbefollowedby a
MICADO algorithm[3], which attemptsto identify theminimumnumberof magnetmoveswhich pro-
ducethegreatestimprovementin theorbit. For thepurposesof this simulation,theMICADO algorithm
wasconstrainedto useno morethan7 magnets,andto seekan RMS orbit toleranceof 1 micron. In
executionseveral iterationsof the“canonical”algorithmwould beperformedon analignmentsegment,
followedby severalMICADO algorithms.

2.3 “Fr enchCurve” Algorithm

The“canonical”algorithminconvenientlyrequirescorrectormagnetsat theendpointsof eachsegment.
An algorithm was soughtwhich would not requiresuchmagnets,but still permittedthe segment-to-
segmentalignmentmatchingprovidedby thecorrectors.The“FrenchCurve” algorithmis very similar
to the“canonical”algorithm;however, no correctorsareused,andinsteadaftera segmentis alignedthe
next segmentis selectedstartingin themiddleof themostrecentone.Thusthealignmentis performed
on full segmentsbut advancesdown thelinac in half-segments,resultingin asmoothalignmentwithout
correctors.

3. Simulation Studies

Eachof the3 algorithmswasstudiedwith LIAR [4], a linearacceleratorsimulationprogramwhichper-
forms trackingwith transverseandlongitudinalwakefieldsfrom RF structures.Thegeneralconditions
of thesimulationaredescribedin thesectionabove andin Table1.

Table1: Generalparametersusedin thesimulations.

Parameter Value

BunchCharge ���+�-,.���
�'&
Quad-BPMOffset 2 microns

Structure-BPMOffset 0 microns
Incoming /1032 0.04mm.mrad
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3.1 Mover StepSize

Figure1 shows theemittancedilution of eachalgorithmasa functionof themagnetmover stepsize. In
eachcasethealgorithmwaspermittedto iterateto convergence(seenext section).While MICADO can
improve theperformanceof the “canonical” algorithmat large stepsizes,it cannotreducethe residual
emittancegrowth whichoccursfor smallstepsizes.The“frenchcurve” algorithmhasasmalleremittance
growth for perfectmoversthanthe“canonical;”its emittancedilution is alsoaweaker functionof mover
stepsize.
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Fig. 1: Emittancedilution asa functionof magnetmover stepsizefor 3 mainlinacsteeringalgorithms.

3.2 ConvergenceSpeed

Figure 2 shows the numberof iterationsrequiredto reachconvergencefor “canonical” and “french
curve” algorithms. While the latter algorithm requiredfewer iterationsper segment, it also requires
twice asmany segmentsasthe“canonical”algorithm,andis thussomewhatslower in termsof time.

3.3 Energy Overhead

In order to reducethe impactof incomingbeamjitter on emittance,the NLC linacswill be operated
with a substantialhead-tailenergy difference[5], which is parameterizedhereaslinac energy overhead
(linac voltagein excessof thatneededto achieve thedesiredenergy at extraction). Figure3 shows that
theemittancedilution increaseslinearly for both“canonical”and“frenchcurve” algorithmswith energy
overhead(notethatthis is contraryto thejitter behavior: moreenergy overheadresultsin lessemittance
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Fig. 2: Emittancedilution asa functionof numberof iterationspersegmentfor “canonical”and“frenchcurve” algorithms.

dilution for a bunch executinga betatronoscillationdown the full lengthof the linac). However the
“frenchcurve” performanceis betterfor all valuesof energy overheadconsidered.

4. Diffusive Ground Motion

In recentyears,Shiltsev [6] hasoffered evidencethat acceleratoralignmentdegradesaccordingto a
diffusive process.Theso-called“ATL Law” statesthatcomponentswhichareab initio perfectlyaligned
will bemisalignedby anRMSdistance4 which is relatedto thedistancebetweenthecomponents5 and
theelapsedtime 6 by:

4 � �87:9 6;9
5<� (1)

The coefficient 7 is a complex function of site geology, cultural noise,and constructiontechniques.
Furthermore7 is not preciselyconstantin time,but is subjectto changeover thecourseof many years.
Howeveronthescaleof seconds,days,or months,Equation1 mayrepresentalowerboundonachievable
alignmentperformance.

In order to simulateATL misalignmentsin the context of acceleratorsteeringit is necessaryto
assumeavaluefor 7 anda time 6 overwhichalignmentoccurs.For thisstudyweassumethattheNLC
will have a valueof 7 of =>,:��� 
�?A@B��C �D��E���F C ����	HG�IKJ , which is low but not unachievable. We assume
that the initial steeringof the acceleratorfrom a coarsestateof alignment(50 @ RMS misalignments)
to convergencerequires1 minuteperoperationof quador girderalignment(thusapproximately3 hours
for thefull linac),while subsequentsteeringoperationsrequireonly 1 iterationpersegmentandonly 30
secondsperoperation.Weassumethatsteeringis performedconstantly.
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Fig. 3: Emittancedilution asa functionof energy overheadfor “canonical”and“frenchcurve” algorithms.

Figure4 shows theperformanceof the“french curve” algorithmwhenATL misalignmentsoccur
duringsteering.Pass1 in Figure4 is the3 hour, multi-iterationpass:theemittancedilution is increased
from 34%to 65%by ATL misalignments.Thesubsequent,fastpassesachieve anequilibriumemittance
dilution of 50%.

5. Conclusions

We have evaluatedseveralalgorithmsfor steeringtheNLC main linac to reduceemittancedilution due
to short-rangewakefieldsanddispersion.We find that a relatively robust algorithmexists which pro-
ducesacceptablysmallemittancedilution. Furtherstudiesof thealgorithmarerequired.Theseinclude
multibuncheffects,improvedmodellingof thestructureBPMs,interactionwith steeringfeedbacks,and
additionaldilutionsfrom othersources.
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Fig. 4: Performanceof “french curve” algorithmwith diffusive groundmotionincluded.
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