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Abstract

The LHC demandshigh intensity proton beamswith small transerseemit-
tancefrom its injectors. Theimplicationsof thesedemandgor beamsteering
andmatchingof the transferfrom the PSto the SPSandthetransferfrom the
SPStothe LHC areexplored.Injectioninto the LHC, orbit acquisitionandthe
orbit correctionrequirement®f the LHC itself arebriefly addressed.

1. Introduction

High intensity 26 GeV/c protonswill be sentvia existing lines from the PSto the SPSfrom where,

after acceleratiorto 450 GeV/c, transferwill take placedown new linesto the LHC. The beamhas
to fit into thetiny LHC dynamicapertureat injection while providing enoughintensityto ensurehigh

luminosity The essentialkchallengesof the injector chain, of concernhere, areto maintaina small

transerseemittanceandto steercarefullythe beamto avoid materialdamagen the linesandquenches
or worsein the LHC itself.

In thefollowing therequirement®f the LHC arebriefly outlined,the on-goingwork onthetrans-
fer to the SPSdescribedanda brief overviewv of the the new transferline provided. Finally a cursory
look at LHC orbit acquisitionandcorrectionrequirementss afforded.

2. Beam Requirements of the LHC

The requirement®f the LHC of its injectorsarewell establishedl]. The LHC is designedo deliver
high luminosity in the beam-beanegime and nominally requires2835bunchesof 1.1x10! protons,
with anultimatefigure of 1.66x108! protonsperbunch. During commissioninghe bunchintensitywill
be considerablysmallerwith ideally the nominaltransersebeamdensity

To avoid excessie beam-beaneffectsthe transerseemittanceshouldhave a nominalvalue of
€, = 3.75x10°% m. Hereinlies one of the major challengedor the injector chain and beamsteering:
maintainingthe smalltranserseemittanceof the high intensityprotonbeam.

3. Transfer to SPS

The TT2-TT10 transferlines which bring 26 GeV/c protonsfrom the PSto the SPShave alreadyre-
ceivedsomeconcertedhttentionin attemptgo minimizethe blow-up atinjectioninto the SPScausedy
mismatchbetweenthelinesandthering [3, 4]. The LHC beamhasa large momentunmspreadmeaning
thatgooddispersiormatchingis 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 the betatronanddispersionfunctions,with the measurementgserformedona LHC
like beam. The geometryof the lines hasbeencross-cheaéd with the surey data,andthe magnetic
behaiour of the elementonfirmed.

For betatrormatching twissparameterbave beenmeasure@ndtracked backto the PSextraction
point. Theinput parameterghusobtainedreducedconsiderabléhe mismatchfactor
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For dispersionthe momentumof the PSwasvaried (typically 5 values)and, usingthe SPSasa
continuationof the lines, a long rangefit hasbeenperformed. Thesemeasurementsave allowed the
dispersioramplitudeto be broughtdown to nearits designvalue.

Tuning knobshave also beendevelopedto attackthe residualmismatch. SVD techniqueshave
beenusedto generatethe requisitematricesand theseknobswere testedusing OTR screenswhich
provide turn-by-turnbeamsizemeasurementgl].

4. Transfer toLHC

Two new lines, TI12 andTI8, arebeingconstructedo transferthe 450 GeV/c protonbeamfrom the SPS
totheLHC [5]. Thesdinesarelongandusewarmmagnetswith relatively tight aperture Fastextraction
takesplaceinto thelinesfrom the SPS.Both lines have a FODO structurewith 30.3m half-cell length
with 4 dipolesperhalf cell.

With regardto beamin the lines, of primary importanceis the stability of the extractedbeams,
precisecontrol of the beamover the full lengthof the line andthe safetyandprecisionof the injection
into theLHC. Thehighintensitybeammuststaywithin theavailableaperturdo avoid damageto enable
this and minimisethe requirednumberof correctorsa 2-in-4 correctionschemehasbeenproposedn
which 2 out of 4 cells arefully equippedwith BPMs and correctorg[6]. Simulationshave shavn the
schemdo beeffective for trajectorycontrol.

Again the needto presere the transerseemittancerequiresvery good betatronand dispersion
matching,andthereareindependentlypoweredquadrupolesn matchingsectionsat the startandendof
thelines. Adequatebeaminstrumentatioris, of coursefequired.

The LHC hasa small available aperture both dynamicand physical,and the risks of quenches
becaus®f beamlossarehigh. This putsstringentrequirement®n the quality of injectioninto the LHC.
Giventheseneedghefollowing requirement®f a beamsteeringsystemmaybeidentified:

e Threadingof low intensitybunchedo establishatrajectory Measurementlisplayandcorrection
of trajectories.

¢ Measuremeranddisplayof opticalparametersgmittancesndprofiles. Matchingof betatrorand
dispersiorfunctions.

e Thetrajectoryin the line mustbe stableandif necessana feedbacksystemshoulddeal with
temperature@nd/orpower supplydrifts.

e Injectionoptimizationrequiresorthogonakteering.
e Threadingwill alsoberequiredin theLHC to establisicirculatingbeam.

e Theorbit in theinjectionregionsmustbe very stable.The dumpsandcollimatorswill needto be
adjustedo the closedorbit.

e Suneillance,interlocksandpost-mortemanalysiswill becritical.

The needfor trajectory injection andorbit stability from pulseto pulseimpliesthe needfor au-
tomationwith feedbacksystemsn placeto effect the necessaradjustments.

5. Orbit correction intheLHC

The orbit andtrajectorysystemof the LHC will consistof some500 BPMs perring with a 40 MHz
acquisitionsystemthat will acquireanddigitise consecutie turns of all 2835bunchesg[7]. 250 local
systemgq4 BPMs per station)will returnthe closedorbit or turn-by-turninformation. The closedorbit
will beavailable,if requiredatsomethindike 20 Hz.

Closedorbit feedbackwill berequiredat somethindike 1 to 10 Hz andwill be particularlyim-
portantduringthe so-called'snapback”at the startof the ramp. Higherfrequeng local orbit feedback
might be necessaryn the cleaningsections. The usualsetof applicationswill, of course,berequired
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includingathreadertoolsfor 1000turn analysisfitting. interpolationetc. Of particularimportancewill
betheability to performpost-mortenanalysis.

6. Conclusion

Oneof the mainrequirementshat LHC hasof theinjectedbeamss a smalltranserseemittance.This
impliesa very tight emittancebudgetandmeanghatdispersiorandbetatronmatchingbetweertheline
andringsmustbenigh on perfect.Happily thetechniquesndinstrumentatiomequiredfor thisarebeing
actively developedalreadyandhave seerconsiderablsucces# optimizingthetransfeetweerPSand
SPS.Theimportanceof an accurateopticsmodelis clear asis the needfor a diligent anddisciplined
approacho the problem.

The transferto the LHC from the SPSwill be via new transferlines (TI12 and TI8), theselines
arelong andhave a smallaperture.The dangersof beamlossarehigh with the consequencthatbeam
steeringwill haveto befastandveryreliable. Sunweillanceandinterlockswill becrucial. In additionthe
injectioninto the LHC mustbe very well controlledto reducebeamlossto anabsoluteminimum. Good
matchingwill againbe important. Remotecontrol of steeringin the linesandof injection optimisation
is likely to benecessary

Orbit acquisitionin the LHC will bevia approximatelys00 beampositionmonitorsperring, and
the systemwill acquireanddigitise consecutie turnsof all 2835bunchesperbeam.Both global (1 to
10 Hz) and,perhapsvenfastey local feedbackis envisaged.Again reliability will be crucial, therisks
to themachineof inadwertentbeamlossareseriousn the extreme.

In conclusionthe two mainrequirementsrespectinga tight emittancebudgetandthe control of
the explosive power of the LHC beamsdemandreliablefacilities for threading,steeringandmatching.
Matchingwill beveryimportantif beamsizesareto becontrolledproperly The smallaperturénvolved
demandastandrigorouscontrol of trajectoriesjnjectionandorbit. Theroomfor erroris minimal and
reliableautomatedeedbackacilities will be required. Effective monitoringfeedinga robustinterlock
systemwill alsoberequired.Thedemand®f the LHC poseatoughsetof challengegor beamsteering
andassociate@pplications.
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