
TUNING KNOBS FOR THE PS-SPS TRANSFER LINE

G. Arduini, K. Hanke
CERN,Geneva,Switzerland

Abstract
Transverseemittancepreservation will bean importantissuefor theLHC in-
jectorchain.Minimisationof theblow-upat injectionby tuningindependently
Twissparameters,dispersionanddispersionderivative is thereforemandatory.
Theopticsof thetransferline betweenthePSandSPSmachineswasmodelled
andmatchedusingtheprogrampackageMAD. Tuningknobsweredeveloped
usinga singularvaluedecomposition(SVD) algorithm. Coupledto themea-
surementof theTwissparametersatagivenpointdownstreamof thecorrection
elementsthey provide a fastcorrectionalgorithmfor thebetatronmismatch.

1. Introduction

The transferline betweenthe PSandthe SPSmachineswill be an importantpart of the LHC injector
chain[1]. In order to optimisebeamandemittancetransport,the line mustbe matchedaccuratelyto
the measuredlattice functionsat the PSextractionpoint and the nominal lattice functionsat the SPS
injectionpoint.
Thetransferline opticswasmodelledusingtheprogrampackageMAD [2]. Thegeometryof themodel
wasverified versusthe official CERN survey data[3], while the correctmagneticbehaviour wasver-
ified in a seriesof measurements[4]. Basedon the model, the line wassuccessfullyre-matched[5].
For the matchedoptics,we found a betatronmismatchafter filamentationof 1.0 in both planes.This
clearlyfulfils theLHC requirements.Thedispersionmismatchafterfilamentationwascomputedto 1.7
in the horizontaland1.0 in the vertical plane1. The residualmismatchis both dueto the unavoidable
discrepancy betweenmodelandrealityanddueto theuncertaintyin themeasurementof theinitial opti-
cal parameters.It is thereforemandatoryto tuneselectedbeamparameterswithout changingtheglobal
settingof theline.

2. Correction Mechanism

To compensatefor theunavoidablediscrepanciesbetweenmodelandrealmachineaswell asfor theer-
rorsof themeasurement,tuningknobsweredevelopedto tuneindependentlythebeamparameters.They
arebasedon theinversionof thematrix
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and 021 is the strengthof the �43 � matchingquadrupole2. As a first attemptonly theeight independent
quadrupolesof thematchingsectioncontrollablefrom theSPScontrolroomhave beenconsidered.
Frequently, asin ourcase,thecoefficient matrix for agivenopticswill beeithersingularor numerically
closeto singular. Singularvaluedecomposition(SVD) algorithmsprovide a tool to diagnosea matrix
andto solve the resultingsystemof equationseven for ill-conditionedmatrices[7]. Simulationsusing
thereconditionedmatrix show thatanindependentlinearvariationof all theparameterscanbeobtained
exceptfor ( 5 for whichanon-linearbehaviour is observed.

3. Experimental Results

Thetuningtool wastestedwith beam,usingtheSPSmismatchmonitor [8]. This systemis basedon a
turn-by-turnmeasurementof the beamsizewith an OTR screenanda fastCCD camera.The oscilla-

1SeeRef. [5] for details.
2SeeRef. [6] for details.
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Fig. 1: Horizontal 6 -function (upperleft plot), horizontalmismatchfactor(lower left plot), vertical 6 -function (upperright

plot) andvertical mismatchfactor(lower right plot) at the exit of the transferline versusvariationappliedusingthe tuning

knob. Startingfrom amatchedoptics( 786 = 0), the 6 -functionis detunedby 9 10%and 9 20%.

tion of thebeamsizeindicatesbetatronmismatchat injectioninto theSPSif no dispersionmismatchis
present.While theoscillationof the beamsizeis a measureof the mismatch,it is importantto obtain
alsothevaluesof � and( . This canbedoneby measuringthebeamprofileat threeconsecutive turnsin
theSPS.TheTwissparameterscanthenbeobtainedin thesameway asfrom a multi-grid measurement
in a transferline.
Sincemeasurementof theTwissparameterscanbeperformedquickly, while measurementof thedisper-
sionis time consuming,it wasdecidedto detunethehorizontalandvertical ( -functionsandto measure
TwissparametersandmismatchfactorusingtheSPSmismatchmonitor. Startingfrom a matchedset-
ting, the ( -functionsweredetunedby : 10%and : 20%.Theupperleft plot in Fig.1 showstheexpected
changeof thehorizontal( -function(dashedline), theresultobtainedfrom thesimulationandthemea-
suredvalues. It canbe seen,that alreadyin the simulationthe expectedvariation is not achieved. As
far asthemeasurementis concerned,only thepointsfor � ( 5 = 0, -10 m and-20 m couldbemeasured
dueto a technicalproblem.For theinitial setting( � (;5 = 0), themeasuredvaluelies alreadybelow the
theoreticalone.Thismeansthatthissettingis notperfectlymatched,which is consistentwith ageomet-
rical mismatchfactorof 1.3 obtainedfrom a multi-grid measurementin the line [5]. Themeasurement
suffers from significantfluctuationsin thehorizontalplanewhich do not allow a conclusion.Fromthe
measuredTwissparameters,themismatchfactorcanbecomputed.Thelower left plot in Fig. 1 shows
thegeometricalblow-up versuschangeof (;5 for thesamemeasurement.Again, themeasurementsuf-
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Fig. 2: Horizontal< -parameter(left plot) for thetuningof 6>= andvertical < -parameter(right plot) for thetuningof 6>? shown

in Fig. 1.

fersfrom significantfluctuations.The � -parameterwascomputedfrom thesamemeasurement.Theleft
plot in Fig. 2 shows thevariationof �;5 , which is supposedto remainunchanged.Also in this case,the
statisticalerror is large anda conclusionimpossible.All beamparametersweremeasuredat thesame
time in theverticalplane,wherethey aresupposedto beunaffectedby thevariationsin thehorizontal
plane.This is in factthecase.Theresultsarepresentedin detailin [6].
Thesamemeasurementwasdonein theverticalplane,whereall fivesettingscouldbemeasured.Theup-
perright plot in Fig. 1 shows theoretical,simulatedandmeasuredvaluesof (;@ for fivedifferentsettings
of thetuningknob. All dataagreewithin thestatisticalerror. Fromthesamemeasurement,thevertical
mismatchfactorwascomputed.The result is shown in the lower right plot in Fig. 1. For thematched
optics( � ( @ = 0), a geometricalmismatchfactorof 1.1 is foundwhich is in perfectagreementwith the
resultobtainedfrom amulti-grid measurementin theline. Detuningthe ( -functionat theinjectionpoint
in both directionsleadsto an increaseof the mismatchfactorasexpected. The vertical � -parameter
is shown for the samemeasurementin the right plot in Fig. 2. It remainsunaffectedby the variation
of (;@ asspecified.All beamparametersin the horizontalplaneremainedalsounchangedduring this
measurement.Theresultsarepresentedin detail in [6].

4. Conclusion and Outlook

A straight-forwardanalyticalapproachwasusedto developatool for selective tuningof beamparameters
in thePS-SPStransferline. Eight independentquadrupolestrengthsareusedasfreeparametersto tune
eightbeamparameters.A coefficient matrix which containsthevariationof theTwissparametersasa
functionof eightquadrupolestrengthparameterswasgeneratedbasedon aMAD simulationof theline.
It wasreconditionedandinvertedusinga singularvaluedecompositionalgorithm.Theresultingsystem
of equationscanbesolvedandyieldsthechangeof quadrupolestrengthrequiredto obtainagivenchange
of any of theTwissparameterswhile theothersremainunchanged.
A MAD simulationshowedthatthetuningknobworksfinefor all beamparametersexceptthehorizontal
( -function.A first measurementwith beam,carriedoutduringthe1998SPSrun,showedthatthetuning
knob works fine for the vertical ( -function. For the horizontal ( -function the resultsdo not allow a
conclusion.
It is plannedto improve the tuning knob by usingmoremagnetsasdegreesof freedom. It will then
be implementedinto the SPScontrol systemandprovide, coupledto the SPSmismatchmonitor, an
automatedmismatchcorrectionmechanism.

64



Acknowledgements

Theauthorswould like to thankR. W. AssmannandP. Raimondifor fruitful discussions.

References

[1] P. Collier (ed.),TheSPSasInjectorfor LHC, ConceptualDesign, CERN-SL-97-07DI (1997).

[2] H. Grote,F. C. Iselin,The MAD Program, User’s Reference Manual, CERN-SL-90-13AP (1990).

[3] G. Arduini, M. Giovannozzi,K. Hanke, J.-Y. Hémery, M. Martini, MAD and BeamOptics Descrip-
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[4] G. Arduini, M. Giovannozzi,K. Hanke, J.-Y. Hémery, Study of the TT2/TT10 Transfer Line Optics
via Transfer Matrix Measurement, CERN PS-Note-98-020CA and CERN SL-Note-98-058MD
(1998).

[5] G. Arduini, G. Crockford, C. Despas,M. Giovannozzi,K. Hanke, D. Manglunki, M. Martini,
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