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1 Intr oduction

Sufficientdynamicapertureof the SLSstorageing is essentiafor injectionandfor beamlifetime. Increase
of thedynamicaperturebeyondthe geometricapertureby meansof 9 sextupolefamiliesandstrict adjust-
mentof betatronphaseadvancesbetweerarcswasoneof the mostimportantdesignissues.Greateffort
wastakenin mechanicakngineeringalignmentandclosedorbit correctionin orderto suppresslynamic
aperturedegradatiorfrom magnetmisalingments.

Another sourceof dynamic aperturedegradationsare higher order multipolesin bendingmagnets,
guadrupolessextupolesand correctors. Previous studiesbasedon 2D-calculationg11] in Dec.97and
somecheckslater on basedon 3D simulationdatashaved loss of dynamicapertureonly outsidethe ge-
ometricaperturewhich wassimply dueto invalidity of multipole expansionsoutsidethe magnetaperture
andthusacceptable.

Meanwhilefirst bendingmagnetsave beenproducedy TESLA andquadrupolesndsextupoleswith
integratedcorrectorsat BINP (Budker Institute for NuclearPhysics)Novosibirsk. One bendingmagnet,
4 quadrupolesand 3 sextupoleswere measuredy BINP and PSI peoplebetweenApril and July 1999.
This notedescribeshe beamdynamicssimulationof dynamicaperturedegradationdueto thesemeasured
multipole.

2 Magnet Data

2.1 Bendingmagnets[4]

Measurementsf the first TESLA bendingmagnetof BX type (14°) weredoneduring July 1999. Field
mapsweretaken usingthe PSI magnetmeasuremennachinewith hall probes. Trackingandintegration
of field mapsprovidedthe effective field lengthvs. trans\erseposition. Quadrupolaandsextupolarterms
areassumedo be localizedat the entranceand exit edgesof the magnet,i.e translatednto rotationand
curvatureof theedge.Theresidualcontentof integratedhighermultipoleswasexpressedsinhomogeneity
of integratedfield aftersubtractiorof quadrupolaandsextupolarterms.

Thefirst bendof BE type (8°) will bedeliveredin SeptemberCorrespondinglatawereproducedrom
aTOSCAS3D simulation.

Measuredlatafor BX magnet(14° bend):



measuredalue designvalue[1]

entrance=dgeangle 6.326° 7.00°
exit edgeangle 6.314° 7.00°
entranceedgeradius 1024mm 0
exit edgeradius 1009mm 0
homogeneityA B/ B (within + 15 mm) 2-107° 2-107*

3D-simualatediatafor BE magnet(8° bend):

measuredalue designvalue

edgeangle 3.46° 4.00°
edgeradius 879mm 0
homogeneityA B/ B (within + 15 mm) 2-1074

2.2 Quadrupoles

The quadrupolesnanugcturedby BINP comein threeiron lengthesof 20, 32 and44 cm, 12 of eachtype
have have wide yokesfor letting throughthe synchrotrorradiationfansfrom theupstreanbends.They are
namedQA/B/C with thesuffix W if it is onewith wide yoke.

Four quadrupole®A-01, QA-02, QA-03 andQCW-01 have beenmeasurediuring April andJune99
by colleaguesrom BINP usingtherotatingcoil method.

Sextupole, octupoleand dekapolecomponentsare randomlydistributed since they are producedby
finite precisionof mountingthe quadrupolesThe dodekapolés systemati@andcontainsa constantontri-
butionfrom the polegeometryanda contrikutionrisingwith coil currentbeyondathresholdvaluewhichis
causedy saturation. A systematigkosapolecomesfrom the polegeometryits polarity is oppositeto the
guadrupoldield, whereaghe dodekapoldhassamepolarity [8]. The measuredlatawereplotted[12] and
themultipolecomponentsvereroughly estimatedrom theplots.

The following table displaysestimatesof integratedmultipolesin quadrupoles.The datagiven are
magnetidield valuesin unitsof 10~2 andnormalizedo the quadrupolecomponentThereferencaadius
for measurementvas R = 28 mm. ¢ standsfor a randomnumberfrom a Gaussiardistribution with
standardieviation of 1 andcutoff at 2. Multipole componentsiot listedwere< 10~* andthusneglected.

Also givenin thetablearedatafrom 2D-calculationssusedfor the previousstudyof dynamicaperture
with multipoles[11], scaledo thereferenceaadiusof 28 mm.

Multipole n regular skew 2D-study
(Bn/B2)-1073 (A,/B2)-1073 (B,/By)-1073
Sextupole 3 0.50 1.5 0
Octupole 4 2.5 0.40 0.009
Dekapole 5 0.2 0.1v 0
Dodekapole 6 0.7(I,/80 —1)](7,>s04) 0 0.23
Ikosapole 10 -0.8 0 0.05

I, is thecoil current. Since1l20 A arerequiredto provide the maximumdesigngradientof 20.7 T/m
[5, 6] thecalibrationis

I, = 46.38Am? - by at2.4GeV.

Aniticpating resultsandconclusionsthe large octupolecomponents unacceptableFrom discussions
with BINP [9] it turnedout however, that QA-01 and QA-02 were “technologicalprototypes” the large
octupolecomponentvasunderstoo@ndoptimizedfor QA-03whereit is anorderof magnituddower. QA-
03 becameahe“real” prototype wasrenamedo QA-00 andaninspectiorreportwasissued5]. However



for the wide quadrupoleprototypeQCW00 (former QCW-01) the large octupolewas confirmed[6], but
BINP claimsthatthis effecttoo is understoocndwill beimproved.

Theinspectionreportswereissuedduring the beamdynamicscalculations.They shaw following dis-
crepanciesomparedo thetableabove:

e Theskew sextupolefor narrov quadss anorderof magnituddowerthanassumedyut agreesor the
wide ones.It seemdo becorrelatedo theregularoctupole

e Thedodekapoleshovs0.35 - 10~2 offsetfor low currentandgoesdown to almostzerofor maximum
current,but the magnitudeof the effectis comparable.

¢ Theskew dekapoldor wide quadss threetimeslargerthanassumed.

Sincetheinspectiorreportscoveronly onequadrupolef narrov andwide typeit is impossibleto make
astatisticalstatemenandin particularthevaluesfor therandommultipolesarenotsignificant. Anywaythe
discrepancieto thetablearenggligible excepttheimprovementby factor10 of the octupolein the narron
quadrupolesvhich requiredanotherseriesof calculationsassumingBs/Bz|gr = 0.25 - 10~2 for the 138
narrov quadsbut keepinglarge valuesfor the 36 wide ones.

2.3 Sextupolesand correctors

SLS has120 sextupoleswith 72 of themalso usedas horizontaland vertical correctorsfor closedorbit
correctionand6 alsousedasskew quadrupoleorrectors 36 sextupoleshave wide yokes.2 of narrown type
(SR)and1 of wide type (SRW) weremeasured.

Someof the highermultipolesareexcited by the sextupolecaoil, othersby the correctorcoils. The skew
quadrupolesorrectorsareveryweak(| [ adl| < 0.002 1/m)andthuswereneglected.

Sextupole currentcalibration: The integratedsecondfield derivative is at maximumdesigncurrentof
120Ais [ B"dl = 141.9 T/m[7], thus

I, = 13.6- [ bsdl Am? at2.4GeV.

Correctorcurrentcalibration: With an effective lengthof 0.26 m thefield at maximumdesigncurrent
of 7 A is B=22.7mT, thusthe currentasfunctionof thedeflectionangleAz’ = [ b dl is givenby

I, = 9485 - Az’ A at2.4GeV.

Calibrationdatafor the vertical correctorcurrentwere not availableandwe assumedhe samefactor
like for the horizontalcalibration.

Thefollowingtabledisplaysheestimatednultipoleerrorslik e explainedin theheadeof thequadrupole
table.

Theauxiliary quantitiesr, y aredefinedby z = (I, /7A)/(I,/100A) andvice versafor y.

Multipole n  regular(B,/Bs)-10=2 skew (A4,/B3)-1073
Octupole 4 050 +1.2y - 2.5 20
Dekapole 5 -34y -39z
Dodekapole 6 0.2 0

14-pole 7 -3.3y 40z
18-pole 9 -2.5 0

22-pole 11 1.3y 1.6z
30-pole 15 2.7 0

42-pole 21 -2.0 0




Largefake valuesfor dipoleandquadrupolecontributionshadbeenmeasurediueto badpositioningof
themagneticaxis, howeveractuallythey shouldbe assmallasif they wereproducedy anoffset< 20um,
correspondingo themagnetmanufcturingprecision[8] andthuswereneglectedhere.

During the calculationsalsoaninspectiorreportfor thefirst narrav sextupolewasissued7], the new
dataagreedvell with thetableabove.

3 Modelling

3.1 Bendingmagnets

Theeffectfrom bendingmagnetwaschecledwith thecodeORA includingonly quadrupolaandsextupo-
lar termsfrom theedges.
Thehighermultipoleswereneglectedsincethey are< 10~ within thebeamregion, definedby

|2| < az/B/Bmaz + MOmaz = 11mm,

with a, = 32.5mm the vacuumchamberhalf width, 8 = 1.6m andn = 7.2cm betafunctionand
dispersioratbendingmagneedge 8., ~ 256mthemaximumbetafunctiorandd,,,, = 4% themaximum
relative momentundeviation definedby the RF acceptance.

Theedgecurvaturecorrespond$o a sextupoleof integratedstrength

[ bsdl = 1/(2rp)

with 7 ~ 1m the radiusof curvatureand p = 5.7m the bendingmagnetradius. Two very weak
sextupolesof thiskind ([ bsdl ~ 0.1m~2) wereattachedo entranceandexit edgef all bendingmagnets.

3.2 Multipoles

ThecodeTRACY [3] wasusedfor simulationsinceits flexible structureallows to setcorrelatedmultipole
and alignmenterrors. The multipole coeficient b,, as understoodoy TRACY is derived from its field
componenhormalizedo thefield of the2 N poleatradiusR by [11]

2n—pole
— -y N—n
bn = by BZprole R
v R

In its presentconfigurationTRACY’s highestmultipole orderis 15, thus be; in the sextupoleswas
neglectedin orderto avoid change®f the TRACY datastructure.

The multipolesareintegratedfor thin elementsaanddistributedfor thick elements. TRACY usingthe
4t* ordersymplecticintegratortreatslinearandnonlinearelementsn the samewavy.

Thecoil currentvalueswereobtainedirom the designquadrupoleandsextupolestrengthandfrom the
correctorsettingsafter correctionof the closedorbit distortionscausedy magnetmisalignments.

Thecodesegmentfor settingthe multipoleerrorsis listedin appendixA.

3.3 Misalignments
The*“usual” settingfor correlatedmisalignmentrrorswasapplied[1]:

e 300um and25uradfor giderjoints,
e 100um for girderjoint play,



e 50um and10Quradfor magnetandBPMsrelat to girders

All valuesarestandardieviationswith the Gaussiardistribution cut off at 2¢.

After settingcorrelatednisalignment&nSVD procedurdor orbit correctiorwasperformedpptionally
followed by a minimizationof the emittancecouplingratio x = ¢, /e, using3 pairsof skew quadrupole
correctorq2].

3.4 Physicalaperture

With multipolessetthephysicalvacuumchambeaperture®f 65 mmfull widthand32mmfull heightwere
includedin thecalculationshecaus¢he multipole expansioris not definedfor largerdeviationsandwould
consequentlgausenumericoverflow errorsdueto largeexponentsnvolved. Local aperturgestrictionsdue
to mini gapinsertiondevicesor the injection septumwereneglected. For simplicity the vacuumchamber
crosssectionwasassumedo be rectangulawhereast actuallyis polygonshaped.The projectionof the
physicalapertureto the trackpointlocatedin the long straightsectioncenterwascalculatedor on andoff
momentunrunsby linearbeamtransformatiorusingmomentundependanbetafunctions.

3.5 Aperturevs. acceptance

Previous studies[1, 11] of this kind looked upon dynamicacceptanceatherthan dynamicapertureas
figureof merit, sincetheavailablephasespaceareais moresignificantthanits projectionto physicalspace.
However the computationwas basedon an ellipsefit to the tracked particle’s Poincaé plot which was
somehav inadequat@asdescriptionof nonlineareigefiguresandfurthermoresometimedecamenstable.
Thuswe returnhereto the traditionalcalculationof dynamicaperture.

Correspondin@cceptancealuesin linearapproximatiorare obtainedasratio of squareapertureover
local betafunctionwith therequiredbetafunctiongjivenin figure 1.

3.6 Nomenclature

Therunswereenumeratedby the lattice namefollowed by 5 charactersndicatingwhetherthe following
optionswereactivated(otherwise0):

v for vacuumchambeiaperture,

mfor misalignmentsndclosedorbit correction

g for multipoleerrorsin quadrupoles

s for multipoleerrorsin sextupoles

x for couplingcorrectionby skew quadrupoles

Thus d2a_000nv identifiesa run with no multipolesandonly misalignmentsand physicalaperture
included.Specialrunswerenamedby appendinganother_character

4 Results

4.1 Bending magnets

Changingheedgeanglesandattachinghecunaturesextupolesresultedn slightchange®f tuneandchro-
maticity of Ay, = 0.01, Ay, = —0.14, A¢, = —0.12, A§, = 0.73, which areeffectsattheorderof afew
% verticallyandevenlesshorizontally Consequentlgynamicaperturevasvirtually notaffected.Anyway
thesechange®f tuneandchromaticitycould be easilycompensatedy slight adjustmenbf quadrupoles
andsextupoles.
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Figurel: Momentumdependanbetafunctionsit centreof long straightfor D2A lattice

4.2 Dynamic aperture studies

Dynamic apertureat the location of long straightsectioncenterwas determinedby binary searchwith
a resolutionof 0.1 mm and 200 turnstracked. The calculationwas donefor 0, +2, +4 and +6% static
relatve momentundeviation,i.e. no synchrotroroscillations.

Lattice opticsmodesstudiedwerethe referencdattice D2A andfor comparisorthe old referenceD0
thathadbeenrejectedbecausao low emittancecouplingwas achiezable dueto the verticaltunechosen
too closeto aninteger[1]

Resultsaredisplayedandexplainedin appendixB.

4.2.1 Ideal lattice

Run d2a_00000 shavs dynamicaperturewithout vacuumchamberrestriction(blue line) and alsothe
linear projectionof the beampipgblack rectangle). It was animportantearly designgoal to malke the
dynamicaperturdargerthanthe geometricaperturefor a relative momentunrangeof +6%.

Rund2a_0000v includesthe vacuumchamberin dynamicaperturecalculation. In somecasesg.g.
for & = 0%, thelinearphysicallimits arenotfully reacheddueto a mismatchof the nonlineareigenfigure
to thelineartransformationin othercasese.g.for § = 2% they areevenexceededor the samereasoras
illustratedby Poincaé plot shavn in figure 2.

4.2.2 Misalignmentsonly

Rund2a_000nv includesmisalignmentg100 seedsyandclosedorbit correction.With the BPMs next to
sextupolesclosedorbit correctionis ableto almostrestorethe dynamicaperture.
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Figure2: Poincae plot of particlemotion at centreof long straight: Due to nonlineardistortionsthe dy-
namicaperturemaylocally exceedthelineartransformatiorof the geometricaperturgcircles).

Theaperturegor zeroandpositive § look good:little from thegeometricallyavailableaperturehasbeen
lost. Howeverat§ = —2% we obsenre large spreadrom differentseedsandsignificantdegradationof the
average Probablythisis dueto theincorvenientiocationof theworking point thathasto bereconsidered.

4.2.3 Multipoles only

Rund2a_0sqO0v appliegshemultipoleerrorswithoutsettingany misalignmentsComparisotod2a_000mnmv
tells thatthe multipoleshave moreimpacton dynamicaperturehanthe misalignmentsiAgain the effectis
worsefor § < 0 thanfor positive values.But evenon-momentunthe degradations substantiahndmight
causenjection problems: The layout of the injection region plansfor 9 mm spacingbetweenstoredand
injectedbeam.With multipoleswe expectanaverageapertureof 10 mmandaminimumof 7 mm,i.e. there
is somechancethatwe mightnot be ableto injectinto the D2A-opticsof thelattice.

The aperturedor § = +6% have largely decayedhowever they anyway are not usedsincethe RF
momentumacceptancendsat4%. This confirmsthedecisionto work ratheron bunchlengtheningy a 37¢
harmoniccavity thanon increasinghe momentunacceptancen orderto prolongTouscheMifetime [10].

4.2.4 All errors

Therealisticsituationof combinedmisalingmentandmultipolesis shovn in d2a_0sqnv: Thereis little
differencecomparedo d2a_0sqOv, i.e. obviouslytheperturbatiorfrom misalignmentss smallcompared
to the perturbatiorfrom multipoles.Only at6 = —2%, whereolviously thelatticeis mostvulnerablewe
obsenre furtherdegradation.

For run d2a_xsqgnv the couplingsuppressioii2] wasactivated: The upperright plot displaysthe x
valuesaftervs. beforecorrection. Comparedo the previous run we obsere only little improvementof
dynamicaperture.



4.2.5 In search of the “bad guy”

The next two runsweredonewith the errortypesseparatedd2a_00q0v hasonly errorsin quadrupoles,
whereasd2a_0s0mv hasall errors(multipolesin sextupolesand correctorsand misalignmentskexcept

from quadrupolesTheresultsclearly point to the quadrupolessthe sourceof troubles. The sextupoles

andcorrectorsontribute practicallynothingto dynamicaperturedegradation.

Sincethe octupolewere mostsuspiciousanotherrun was donewith the strengthe®f the regular oc-
tupolesreduceddy afactorl0accordingo theimprovementsnmeanwhileachievedat BINP [5] while keep-
ing all othermultipoles. Theresultis shovn in d2a_00q0v_o: Now we obsene significantimprovement
comparedo d2a_00g0v andalmostexactly the sameaperturedegradationlik e from the misalignments,
i.e. quadrupolesf this quality would be compatiblewith the quality of alignment.In factthe similarity of
d2a_00q0v_o andd2a_000nv is amazing.

For run d2a_00q0v_w we assumedhat no improvementhasyet beenachiered for the octupoleof
the wide quadrupolesand we expectedno seriousdegradationof dynamic aperturesincethe 36 wide
guadrupolesare a minority comparedo the 138 narrov ones. However the resultis someavherein the
middle betweenthe original run with large octupolesd2a_00g0v andthe previous run d2a_00q0v_o
assumingmprovementdor all quadrupolesindthusdiappointing.

Finally d2a_xsqmv _w presentghe mostrealisticsituationwith the quadrupoledike in the previous
runandswitchingon againeverythingelse:misalignmentsglosedorbit andcouplingcontrolandsextupole
andcorrectorerrors. The averagehorizontalaperturefor 6 = 0 is ~11 mm allowing someprobability for
successfuinjection (9 mmrequired).Maybewe couldlive with that. Thelimitation maily comesfrom the
octupolesn thewide quadrupolesComparingd2a_00q0v_wto d2a_00g0v_o we may seethatanother
mm couldbe gainedby improving thewide quadrupolesoo.

4.2.6 Score

For all runsa “score” was definedas the dynamicapertureradius averagedover all seedsmomentum
deviationsandtestanglesin orderto somehav quantifythelattice performance.

If we settheideallatticed2a_0000v as100%performancethefreedynamicaperturevouldbel57%.
In all runswherethe quadrupoleerrorsare switchedon we find a reductionto 74.5% (+2%) no mat-
ter whethermisalignmentssextupole/correctoerrorsand coupling suppressiorare enabledor not. The
guadrupoleslonecausea reductionto 76% which improvesto 85%just by reducingthe regularoctupole
componenby afactorof 10in all quadrupoleandto 80%if it is donefor the narrav typeonly.

If the quadrupoleerrorsaredisabledwe find areductionto only 87.6%(+1%) from misalignmentsio
matterif the sextupole/correctoerrorsareenabledor not. This proves,thatit is maily theregularoctupole
in the quadrupoléhatspoilsdynamicaperture.

4.2.7 DO lattice

For comparisorsomerunswerealsodonefor thelatticein DO modebut arenot shovn here. Thegeneral
performacds comparabldo the D2A-optics.

Therewasno significantdifferencein robustnesso multipolesandmisalignmentsDO performsbetter
atnegatived < 0 butworsefor § > 0. At § = 0 thelossin aperturds smaller At leastwe couldlearnfrom
the DO runs,thatthe high sensitvity to multipole errorsis no particularfeatureof the D2A lattice (except
thefragile dynamicsatd = —2%) but ageneraproblemfor ary low emittanceopticsmode.

5 Conclusion

Multipoleserrorsin quadrupolegasmeasuredby the BINP teamfrom April to June99 affect the dynamic
apertureof the SLS storagering significantly The effectis largecomparedo the dynamicaperturedegra-

10



dationfrom alignmenterrors.

This resultis ratherunpleasentbecausalueto dominatingmultipole effectsthe high standardof me-
chanicakengineerin@ndalignmentin SLSwould somehav bewasted Furthermoravith the presenbptics
modesuccessfuinjectioninto SLS cannotbeguaranteed.

Theregularoctupoleerrorin thequadrupoless by far mostresponsibldor thedynamicaperturedegra-
dation. A reductionof this randomerrorfrom o = 2.5 - 10~ (relative field componenat 28 mm radius)
by anorderof magnitudes required in orderto provide sufiicientdynamicaperture.

This kind of improvmementhasalreadybeenachiezed at leastfor the prototypeQA-00 (shortnarrov
guadrupoleput not yet for the prototypeQCW-00 (long wide quadrupole]5, 6].

We demandhatall quadrupolesf all six typeseventuallywill have a multipole contentlike QA-00 or
better

The BINP sextupoleswith integratedcorrectorsperformedexcellentin simulations,in particularthe
large dekapolérom the correctorscausedo problems.

The TESLA bendingmagnetsslightly affect tune and chromaticity however this doesnot affect the
dynamicapertureandcouldbe easilycompensatednyway.

The D2A optics mode also exhibited a ratherfragile dynamicsfor negative momentumdeviations,
probablycausedy excitationof non-systematiandskew resonances combinationwith chromaticshift
of theworking point. Optimizationof the opticsfor betterpositioningof the working point andreducing
chromatictuneshiftsis required.
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A

TRACY program

Excerptfrom the TRACY programnpol . ¢ usedto setthemultipoleerrors:

for (n = 0; n < nqua; n++) {

}

k=qlist[n];

getelem k, &cell);

i =cell.Fnum j=cell.Knum

b2 = getkpar(i,j,2);

b2L = b2*cel|l.El em PL;

curr = b2*46.38; // quad calibration

setkLpar(i,j, 3, 0.5E-3*nornranf()*b2L/radius[1]);
/] large octupole in w de quads only:
if (gwist[n]==1) {

setkLpar(i,j, 4, 2.5E-3*nornranf()*b2L/radius[2]);
} else {

setkLpar(i,j, 4, 0.25E-3*nornranf()*b2L/radius[2]);
}
setkLpar(i,j, 5, 0.2E-3*nornranf()*b2L/radius[3]);
setkLpar (i,j,-3, 1.5E-3*nornranf()*b2L/radius[1]);
setkLpar(i,j,-4, 0.4E-3*nornranf()*b2L/radius[2]);
setkLpar(i,j,-5, 0.1E-3*nornranf()*b2L/radius[3]);
//integrated dodekapol e from saturation:
if (curr >= 80.0) {

setkLpar (i, j, 6, 0.7E-3*(curr/80.0-1.0)*b2L/radius[4]);
}
/'l systematic ikosapol e:
setkLpar (i,j, 10, -0.7E-3*b2L/radius[8]);

for (n = 0; n < nsex; n++) {

getelen(slist[n], &cell);
i =cell.Fnum j=cell.Knum
b3L = getkpar(i,j,3);
if (schlist[n]>0) {

getelen(schlist[n], &cell2);

blL = getkpar(cell 2. Fnum cell 2. Knum 1);
} else { blL=0.0;}
if (scvlist[n]>0) {

getelem(scvlist[n], &cell?2);

alL = getkpar(cell 2. Fnum cell 2. Knum -1);
} else { allL=0.0;}
curr = b3L*13.64 ; /] sext calibration
currh= b1L*9485.0 ; // hor corr calib
currv= all*9485.0 ; // ver corr calib (?? nothing was neasured)
xx=currh/7.0*100/ curr;
yy=currv/7.0*100/ curr;

setkLpar(i,j, 4, ( 0.5*nornranf()+1.2*yy-2. 5*xx)*1E-3*b3L/radi us[1]);
setkLpar(i,j, 5, ( 0.2*nornranf()-34.0%yy )*1E-3*b3L/radi us[2]);
setkLpar(i,j, 6, ( 0.3 )*1E- 3*b3L/radi us[ 3]);
setkLpar(i,j, 7, ( -3.3*yy ) *1E-3*b3L/radi us[4]);
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setkLpar(i,j, 9, ( -2.
setkLpar (i,j,11, ( 1.
setkLpar(i,j,15, ( 2
/1 b2l dropped ....

5 ) *1E-3*b3L/radi us[6]);
3*yy ) *1E-3*b3L/radi us[8]);
7 ) *1E- 3*b3L/radi us[ 10] / radi us[ 2] ) ;

setkLpar(i,j,-4, ( 2.0*nornranf() )*1E-3*b3L/radi us[1]);
setkLpar (i,j,-5, (-39.0*xx ) *1E-3*b3L/radius[2]);
setkLpar(i,j,-7, ( 4.0*xx )*1E- 3*b3L/radi us[4]);
setkLpar(i,j,-11,( 1.6*xx )*1E- 3*b3L/radi us[ 8]);
}
B Figures

Following pagesshaw the resultsfrom dynamicaperturecalculations. Trackpointwasthe centreof the
long straightsectionsFor corversionof thedynamicaperturanto linearly approximatedcceptancealues
figure 1 of betafunctionssfunction of momentundeviation may be used.200turnsweretracked, binary
searchresolutionwas0.1 mm.

The symbolsshav resultsfrom differentseedsthe mediumblue line givesthe averageandthe inner
red line the minimumfrom all seeds.If it is missingno closedorbit wasfoundin oneor moreseedsand
subsequentlgountedaszerodynamicaperture.

Theblackrectangleshow thelinearprojectionof thevacuumchamber

Theupperright plot is usedto shav the emittancecouplingratiosaftervs. beforecouplingcorrection
andis only usedfor runswherethis optionwasactivated.

C Addendum, Oct.18,1999

Most of the studiesasplottedin the figuresbelow reveala “fragile” dynamicaperturefor § = —2%: The
spreador differentrunsis largerthanfor otherd valuesandthe averageandminimumvaluesarereduced.
Thedynamicaperturedeterioratorcausedy multipolemomentsn themagnetss aggraatedatd = —2%

dueto crossingthe non-systematisumresonance, + v, = 29 (seefigure4.4in ref [13]). Work is in

progresgo find a betterworking point for the lattice. However the conclusionconcerningthe octupole
contentof quadrupolegloesnot change sinceit wasderived mainly from thed = 0 runs(compareruns
d2a_00q0v andd2a_00q0v _w).
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