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Abstract

The LHC demandshigh intensityprotonbeamswith small transverseemit-
tancefrom its injectors.Theimplicationsof thesedemandsfor beamsteering
andmatchingof thetransferfrom thePSto theSPSandthetransferfrom the
SPSto theLHC areexplored.Injectioninto theLHC, orbit acquisitionandthe
orbit correctionrequirementsof theLHC itself arebriefly addressed.

1. Introduction

High intensity26 GeV/c protonswill be sentvia existing lines from the PS to the SPSfrom where,
after accelerationto 450 GeV/c, transferwill take placedown new lines to the LHC. The beamhas
to fit into the tiny LHC dynamicapertureat injection while providing enoughintensityto ensurehigh
luminosity. The essentialchallengesof the injector chain, of concernhere,are to maintaina small
transverseemittanceandto steercarefullythebeamto avoid materialdamagein thelinesandquenches
or worsein theLHC itself.

In thefollowing therequirementsof theLHC arebriefly outlined,theon-goingwork on thetrans-
fer to the SPSdescribedanda brief overview of the the new transferline provided. Finally a cursory
look at LHC orbit acquisitionandcorrectionrequirementsis afforded.

2. Beam Requirements of the LHC

The requirementsof theLHC of its injectorsarewell established[1]. TheLHC is designedto deliver
high luminosity in the beam-beamregime andnominally requires2835bunchesof 1.1x10

���
protons,

with anultimatefigureof 1.66x10
���

protonsperbunch.During commissioningthebunchintensitywill
beconsiderablysmallerwith ideally thenominaltransversebeamdensity.

To avoid excessive beam-beameffects the transverseemittanceshouldhave a nominalvalueof
��� = 3.75x10�

�
m. Herein lies oneof the major challengesfor the injector chainandbeamsteering:

maintainingthesmalltransverseemittanceof thehigh intensityprotonbeam.

3. Transfer to SPS

The TT2-TT10 transferlines which bring 26 GeV/c protonsfrom the PSto the SPShave alreadyre-
ceivedsomeconcertedattentionin attemptsto minimizetheblow-upat injectioninto theSPScausedby
mismatchbetweenthelinesandthering [3, 4]. TheLHC beamhasa largemomentumspreadmeaning
thatgooddispersionmatchingis particularlyimportant.

A consistentmodel of the completeTT2-TI10 line, for input into MAD, hasbeenestablished
togetherwith preciseknowledgeof the initial conditionsat the startof the line. The hasenabledac-
curatematchingof thebetatronanddispersionfunctions,with themeasurementsperformedon a LHC
like beam. The geometryof the lines hasbeencross-checked with the survey data,andthe magnetic
behaviour of theelementsconfirmed.

For betatronmatching,twissparametershavebeenmeasuredandtrackedbackto thePSextraction
point. Theinput parametersthusobtainedreducedconsiderablethemismatchfactor.
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For dispersionthe momentumof the PSwasvaried(typically 5 values)and,usingtheSPSasa
continuationof the lines, a long rangefit hasbeenperformed.Thesemeasurementshave allowed the
dispersionamplitudeto bebroughtdown to nearits designva lue.

Tuning knobshave alsobeendevelopedto attackthe residualmismatch.SVD techniqueshave
beenusedto generatethe requisitematricesand theseknobswere testedusing OTR screenswhich
provide turn-by-turnbeamsizemeasurements[4].

4. Transfer to LHC

Two new lines,TI2 andTI8, arebeingconstructedto transferthe450GeV/cprotonbeamfrom theSPS
to theLHC [5]. Theselinesarelongandusewarmmagnetswith relatively tight aperture.Fastextraction
takesplaceinto the lines from theSPS.Both lineshave a FODOstructurewith 30.3m half-cell length
with 4 dipolesperhalf cell.

With regardto beamin the lines, of primary importanceis the stability of the extractedbeams,
precisecontrolof thebeamover the full lengthof the line andthesafetyandprecisionof the injection
into theLHC. Thehighintensitybeammuststaywithin theavailableapertureto avoid damage:to enable
this andminimisethe requirednumberof correctorsa 2-in-4 correctionschemehasbeenproposedin
which 2 out of 4 cells arefully equippedwith BPMs andcorrectors[6]. Simulationshave shown the
schemeto beeffective for trajectorycontrol.

Again the needto preserve the transverseemittancerequiresvery goodbetatronanddispersion
matching,andthereareindependentlypoweredquadrupolesin matchingsectionsat thestartandendof
thelines.Adequatebeaminstrumentationis, of course,required.

The LHC hasa small availableaperture,both dynamicandphysical,andthe risks of quenches
becauseof beamlossarehigh. Thisputsstringentrequirementsonthequalityof injectioninto theLHC.

Giventheseneedsthefollowing requirementsof abeamsteeringsystemmaybeidentified:

� Threadingof low intensitybunchesto establisha trajectory. Measurement,displayandcorrection
of trajectories.

� Measurementanddisplayof opticalparameters,emittancesandprofiles.Matchingof betatronand
dispersionfunctions.

� The trajectoryin the line must be stableand if necessarya feedbacksystemshoulddeal with
temperatureand/orpower supplydrifts.

� Injectionoptimizationrequiresorthogonalsteering.
� Threadingwill alsoberequiredin theLHC to establishcirculatingbeam.
� Theorbit in theinjectionregionsmustbevery stable.Thedumpsandcollimatorswill needto be

adjustedto theclosedorbit.
� Surveillance,interlocksandpost-mortemanalysiswill becritical.

Theneedfor trajectory, injectionandorbit stability from pulseto pulseimplies theneedfor au-
tomationwith feedbacksystemsin placeto effect thenecessaryadjustments.

5. Orbit correction in the LHC

The orbit and trajectorysystemof the LHC will consistof some500 BPMs per ring with a 40 MHz
acquisitionsystemthat will acquireanddigitise consecutive turnsof all 2835bunches[7]. 250 local
systems(4 BPMsperstation)will returntheclosedorbit or turn-by-turninformation. Theclosedorbit
will beavailable,if required,at somethinglike 20 Hz.

Closedorbit feedbackwill be requiredat somethinglike 1 to 10 Hz andwill beparticularlyim-
portantduringtheso-called“snapback”at thestartof theramp. Higher frequency local orbit feedback
might be necessaryin the cleaningsections.The usualsetof applicationswill, of course,be required
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includinga threader, toolsfor 1000turnanalysis,fitting. interpolationetc.Of particularimportancewill
betheability to performpost-mortemanalysis.

6. Conclusion

Oneof themainrequirementsthatLHC hasof theinjectedbeamsis a small transverseemittance.This
impliesa very tight emittancebudgetandmeansthatdispersionandbetatronmatchingbetweentheline
andringsmustbenighonperfect.Happily thetechniquesandinstrumentationrequiredfor thisarebeing
actively developedalreadyandhaveseenconsiderablesuccessin optimizingthetransferbetweenPSand
SPS.The importanceof an accurateopticsmodelis clear, asis theneedfor a diligent anddisciplined
approachto theproblem.

The transferto the LHC from the SPSwill be via new transferlines (TI2 andTI8), theselines
arelong andhave a smallaperture.Thedangersof beamlossarehigh with theconsequencethatbeam
steeringwill have to befastandvery reliable.Surveillanceandinterlockswill becrucial. In additionthe
injectioninto theLHC mustbevery well controlledto reducebeamlossto anabsoluteminimum.Good
matchingwill againbe important.Remotecontrolof steeringin the linesandof injectionoptimisation
is likely to benecessary.

Orbit acquisitionin theLHC will bevia approximately500beampositionmonitorsperring, and
thesystemwill acquireanddigitiseconsecutive turnsof all 2835bunchesperbeam.Both global (1 to
10 Hz) and,perhapsevenfaster, local feedbackis envisaged.Again reliability will becrucial, therisks
to themachineof inadvertentbeamlossareseriousin theextreme.

In conclusion,the two mainrequirements:respectinga tight emittancebudgetandthecontrolof
theexplosive power of theLHC beamsdemandreliablefacilities for threading,steeringandmatching.
Matchingwill bevery importantif beamsizesareto becontrolledproperly. Thesmallapertureinvolved
demandfastandrigorouscontrolof trajectories,injectionandorbit. Theroomfor error is minimal and
reliableautomatedfeedbackfacilities will be required.Effective monitoringfeedinga robust interlock
systemwill alsoberequired.Thedemandsof theLHC posea toughsetof challengesfor beamsteering
andassociatedapplications.
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