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1 Aim of the Experiment

It hasbeenrecently[1] shavn thatarefinedFourieranalysisof trackingdatacanbe usedto obtain

the resonancalriving termsand even the non—linearone—turnmap that representshe accelera-
tor structurewith all non—linearitiesarisingfrom magnetiamperfectionsandcorrectionelements.
Thesamenformationshouldbeobtainablédrom pick—updataof kickedbeamsIn casethesereso-

nancetermscanbedeterminedvith high enoughprecisiononecanevaluateandcomparelifferent

settingsof non-linearelementsandonewill be ableto correctresonances the corresponding
correctorsareavailablein the acceleratoat properlocations.This studyis importantin particular
for the LHC, asthe performanceof this machinewill dependon variousnon-linearcorrection
systemswhichwill haveto beadjustedusingon—linemeasurements.

In 1998thegoalhasbeento establisithefeasibility of themethod.Thisyearwe areplanningto
studythedriving termsin asystematiavay by varyingthe strengthof the sextupolesandchanging
thetunes.It is alsoplannedo measuréheresonancedueto skew quadrupolesSuppressinghese
resonances equialentto alinearcouplingcompensation.

Onceproperlytestedthistool will allow to provide simultaneouslyhefollowing information:

1. Phaseadwancebetweerpickups
2. f—beating

3. Linearcoupling

4. Detuningversusamplitude

5. Driving termsof resonances

6. Full non-lineamodelof theaccelerator

2 Preparation

Thefirst experimentin Junel998washamperedy variousshortcoming$2]. Thesecondsession
in Septembewentvery smoothly Thisyearwe will make useof thelargely improvedclosedorbit

measuringsytemMOPOSwhich will make it possibleto measurealongthe total length of the

SPS.In 1998the systemhadbeenavailablein 1/6 of themachineonly, datasamplesverelimited

to 170turnsandtherehadbeensomeunaroidableelectronicspikes. The plannedupgradeof the

MOPOShardwareshouldremove all thoseproblems.



3 Experimental Set—upin 1998

e 120GeV

e Dampersandoctupolesoff

e 1 x 10' protons

e Extractionsextupolesat 140A, with polarities:+ + + + — — ——
e LinearCoupling(closestuneapproach)l x 10~3

e Chromaticitiest, = —0.05, £, = —0.09

e ClosedOrbit: c.0.,(RMS) = 0.5mm, c.0.,(RMS) = 0.4mm

e Tunes:Q, = 26.637, Q, = 26.533

4 Resultsof the Experiment in September1998

We have analysedill datato determinghedetuningasafunctionof thelinearinvariant/, = ¢, /2
andin searchof thethreefirst orderhorizontaldriving termswhich aredueto sextupoles:i.e. the
(3,0) resonancer fs,y, termandthetwo (1, 0) resonances,;o, andfi20o (seeRef.[1] for details).

The resultsareshown in Fig. 1. As expectedfrom earlierexperimentg3] the detuningasa
function of linear invariant (parta. Fig. 1) is very well predictedby tracking (performedwith
SIXTRACK [4]). Very promisingis the agreemenbetweenthe trackingand experimentfor the
(3, 0) resonancépartb. Fig. 1), the experimentaldataare systematicallyjower by a few percent
only. Whenstudyingthefirst (1, 0) resonancépartc. Fig. 1) the problemof the MOPOSsystem
becomesapparent. This line is actuallythe (0, 0) line in the FFT spectrum. To determinethis
amplitudedependentffsetonehasto measurehe offsetbeforethekick with high precisionwhich
wasnotpossiblevith MOPOSatthatmomentin time. Lastly, we presentheother(1, 0) resonance
in partd. Fig. 1, which shouldsuffer lessfrom thelimitationsof themeasuremergystem.Indeed,
wefind lessnoisysignalsin thatcase .However, thereis asignificantdiscrepang with thetracking
datawhich remainsto be understood.
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Figurel: Detuning and First Order Sextupole Driving Terms
Parta.) Detuningversudinear Invariant/,
Partb.) (3, 0) ResonanceersusAmplitude

Partc.) (1, 0) Resonancéfs1o0) versusAmplitude
Partd.) (1, 0) Resonancéfi.qo) versusAmplitude
—Linesarefrom tracking
—Symbolsareexperimentadata



5 MD plansfor 1999

To really shav the usefulnesf the methodwe needmore systematicstudiesby varying the
sextupole strengthandthe tunes. To establisha baselinewe needto measurewvithout the strong
sextupolesfor all pickupsavailableandwith theimproved set—upof the MOPOSsystem.To find
the threeresonancesvith better precisionthe 8 extraction sextupolesshouldbe turnedon and
poweredasin the previous experiment2].

Tracking studieshave shavn thata changeof the polarity allows to increasethe (3, 0) reso-
nanceby a factorof five while reducingboth (1, 0) resonanceby a factorof two. This second
powering schemeof the sextupolesgivesus thereforea sufficiently differentalternatve. It goes
without sayingthatin all threecaseghe closedorbit, the coupling,thetunesand,in particular the
chromaticityhave to be adjustedto their desiredvalues. For the first settingof strongextraction
sextupolesit is foreseeno explore anotherworking point and also to approachthe third order
resonanceT helattercaseg(thetraditionalapproachwill provide abenchmarko testtheproposed
measurementia FFT spectra.

Lastly, we will explore the possibilityto measurdghe (1, —1) andthe (1, 1) resonancei,e. the
linear sumand differenceresonancesdlueto skew quadrupoles.lt hasbeenshownn recently[5]
that our analysistool “SUSSIX” [6] canbe usedto measurgheseresonancefrom beamdata.
Furthertracking studieshave demonstratedhat the methodshouldwork evenin caseof large
linearcoupling.

Themeasuremenequirementsre:

e Two sessionsieeded8heach
e 120GeV

e Dampersandoctupolesoff

e 1 x 10' protons

e SextupoleSettings:

— strong8 extractionsextupolesswitchedoff
— extractionsextupolesat 140A, with polarities:+ + + + — — ——
— extractionsextupolesat 140A, with polarities:+ + + + + + ++

e LinearCoupling

— (closestuneapproach)l x 1073

— measuringhetwo linearresonanceg;o,; and f1910 andminimisingthemto decouple
themachine

e Chromaticitiest, = —0.05, £, = —0.09

e ClosedOrbit: c.0.,(RMS) = 0.5mm,c.0.,(RMS) = 0.4mm
It would be desirableto have the closedorbit readingsat the 8 locationsof the extraction
sextupoles.

e Tunes(includingextractionsextupoles):

- @, =26.637,Q, = 26.533
— Q. = 26.605, Q, — 26.538
— closeto 1/3 resonance
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