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1 Aim of the Experiment

It hasbeenrecently[1] shown thatarefinedFourieranalysisof trackingdatacanbeusedto obtain
the resonancedriving termsandeven the non–linearone–turnmapthat representsthe accelera-
tor structurewith all non–linearitiesarisingfrom magneticimperfectionsandcorrectionelements.
Thesameinformationshouldbeobtainablefrom pick–updataof kickedbeams.In casethesereso-
nancetermscanbedeterminedwith highenoughprecisiononecanevaluateandcomparedifferent
settingsof non–linearelementsandonewill be able to correctresonancesif the corresponding
correctorsareavailablein theacceleratorat properlocations.This studyis importantin particular
for the LHC, as the performanceof this machinewill dependon variousnon–linearcorrection
systems,which will have to beadjustedusingon–linemeasurements.

In 1998thegoalhasbeento establishthefeasibilityof themethod.Thisyearweareplanningto
studythedriving termsin asystematicwayby varyingthestrengthof thesextupolesandchanging
thetunes.It is alsoplannedto measuretheresonancesdueto skew quadrupoles.Suppressingthese
resonancesis equivalentto a linearcouplingcompensation.

Onceproperlytested,this tool will allow to providesimultaneouslythefollowing information:

1. Phaseadvancebetweenpickups

2.
�

–beating

3. Linearcoupling

4. Detuningversusamplitude

5. Driving termsof resonances

6. Full non–linearmodelof theaccelerator

2 Preparation

Thefirst experimentin June1998washamperedby variousshortcomings[2]. Thesecondsession
in Septemberwentverysmoothly. Thisyearwewill makeuseof thelargely improvedclosedorbit
measuringsytemMOPOSwhich will make it possibleto measurealong the total lengthof the
SPS.In 1998thesystemhadbeenavailablein ����� of themachineonly, datasampleswerelimited
to 170turnsandtherehadbeensomeunavoidableelectronicspikes. Theplannedupgradeof the
MOPOShardwareshouldremoveall thoseproblems.
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3 Experimental Set–upin 1998

120GeV

Dampersandoctupolesoff

� ���	��
 protons

Extractionsextupolesat 140A,with polarities:�����
LinearCoupling(closesttuneapproach):� �������
Chromaticities:����� ������� , ����� �������
ClosedOrbit: � �"!#�$�&%('�)+*-,.�+����� mm, � �"!#�/�0%1'�)+*-,2�3���54 mm

Tunes:67�8�+9�������:�; , 6<�=�39�������:�:

4 Resultsof the Experiment in September1998

Wehaveanalysedall datato determinethedetuningasa functionof thelinearinvariant >?���A@B����9
andin searchof thethreefirst orderhorizontaldriving termswhich aredueto sextupoles:i.e. the
(3,0) resonanceor C �EDEDED termandthetwo (1,0) resonancesC 
 � DED and C ��
 DED (seeRef.[1] for details).

The resultsareshown in Fig. 1. As expectedfrom earlierexperiments[3] the detuningasa
function of linear invariant (part a. Fig. 1) is very well predictedby tracking (performedwith
SIXTRACK [4]). Very promisingis the agreementbetweenthe trackingandexperimentfor the
(3, 0) resonance(partb. Fig. 1), theexperimentaldataaresystematicallylower by a few percent
only. Whenstudyingthefirst (1, 0) resonance(partc. Fig. 1) theproblemof theMOPOSsystem
becomesapparent.This line is actually the (0, 0) line in the FFT spectrum.To determinethis
amplitudedependentoffsetonehasto measuretheoffsetbeforethekick with highprecisionwhich
wasnotpossiblewith MOPOSatthatmomentin time. Lastly, wepresenttheother(1,0) resonance
in partd. Fig. 1, whichshouldsuffer lessfrom thelimitationsof themeasurementsystem.Indeed,
wefind lessnoisysignalsin thatcase.However, thereis asignificantdiscrepancy with thetracking
datawhich remainsto beunderstood.
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Figure1: Detuning and First Order Sextupole Driving Terms
Parta.) DetuningversuslinearInvariant >?�
Partb.) (3, 0) ResonanceversusAmplitude
Partc.) (1, 0) Resonance( C 
 � DED ) versusAmplitude
Partd.) (1, 0) Resonance( C ��
 DED ) versusAmplitude
–Linesarefrom tracking
–Symbolsareexperimentaldata
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5 MD plans for 1999

To really show the usefulnessof the methodwe needmore systematicstudiesby varying the
sextupolestrengthandthe tunes.To establisha baselinewe needto measurewithout thestrong
sextupolesfor all pickupsavailableandwith theimprovedset–upof theMOPOSsystem.To find
the threeresonanceswith betterprecisionthe 8 extraction sextupolesshouldbe turnedon and
poweredasin thepreviousexperiment[2].

Trackingstudieshave shown that a changeof the polarity allows to increasethe (3, 0) reso-
nanceby a factorof five while reducingboth (1, 0) resonancesby a factorof two. This second
poweringschemeof the sextupolesgivesus thereforea sufficiently differentalternative. It goes
withoutsayingthatin all threecasestheclosedorbit, thecoupling,thetunesand,in particular, the
chromaticityhave to beadjustedto their desiredvalues.For thefirst settingof strongextraction
sextupolesit is foreseento explore anotherworking point andalso to approachthe third order
resonance.Thelattercase(thetraditionalapproach)will provideabenchmarkto testtheproposed
measurementvia FFTspectra.

Lastly, we will explore thepossibility to measurethe(1, –1) andthe(1, 1) resonance,i.e. the
linear sumanddifferenceresonancesdueto skew quadrupoles.It hasbeenshown recently[5]
that our analysistool “SUSSIX” [6] canbe usedto measuretheseresonancesfrom beamdata.
Furthertracking studieshave demonstratedthat the methodshouldwork even in caseof large
linearcoupling.

Themeasurementrequirementsare:

Two sessionsneeded,8heach

120GeV

Dampersandoctupolesoff

� ��� ��
 protons

SextupoleSettings:

– strong8 extractionsextupolesswitchedoff

– extractionsextupolesat 140A,with polarities: �����
– extractionsextupolesat 140A,with polarities: ����������H�

LinearCoupling

– (closesttuneapproach):� ���	���
– measuringthetwo linearresonancesC � DED � and C � D � D andminimisingthemto decouple

themachine

Chromaticities:����� ������� , ����� �������
ClosedOrbit: � �"!#�$�&%('�)+*-,.�+����� mm, � �"!#�/�0%1'�)+*-,2�3���54 mm
It would be desirableto have the closedorbit readingsat the 8 locationsof the extraction
sextupoles.

Tunes(includingextractionsextupoles):

– 6<�H�39�������:�; , 67�=�I9�������:�:
– 6<�H�39���������� , 67�=�I9�������:�J
– closeto ����: resonance
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