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1 Intr oduction

Sufficientdynamicapertureof theSLSstoragering is essentialfor injectionandfor beamlifetime. Increase
of thedynamicaperturebeyondthegeometricapertureby meansof 9 sextupolefamiliesandstrict adjust-
mentof betatronphaseadvancesbetweenarcswasoneof themostimportantdesignissues.Greateffort
wastaken in mechanicalengineering,alignmentandclosedorbit correctionin orderto suppressdynamic
aperturedegradationfrom magnetmisalingments.

Another sourceof dynamicaperturedegradationsare higher order multipoles in bendingmagnets,
quadrupoles,sextupolesand correctors. Previous studiesbasedon 2D-calculations[11] in Dec.97and
somecheckslater on basedon 3D simulationdatashowed lossof dynamicapertureonly outsidethege-
ometricaperturewhich wassimply dueto invalidity of multipoleexpansionsoutsidethemagnetaperture
andthusacceptable.

Meanwhilefirst bendingmagnetshavebeenproducedby TESLA andquadrupolesandsextupoleswith
integratedcorrectorsat BINP (Budker Institutefor NuclearPhysics)Novosibirsk. Onebendingmagnet,
4 quadrupolesand3 sextupolesweremeasuredby BINP andPSI peoplebetweenApril andJuly 1999.
Thisnotedescribesthebeamdynamicssimulationof dynamicaperturedegradationdueto thesemeasured
multipole.

2 Magnet Data

2.1 Bendingmagnets[4]

Measurementsof the first TESLA bendingmagnetof BX type (
�����

) weredoneduring July 1999. Field
mapsweretakenusingthePSImagnetmeasurementmachinewith hall probes.Trackingandintegration
of field mapsprovidedtheeffective field lengthvs. transverseposition.Quadrupolarandsextupolarterms
areassumedto be localizedat the entranceandexit edgesof the magnet,i.e translatedinto rotationand
curvatureof theedge.Theresidualcontentof integratedhighermultipoleswasexpressedasinhomogeneity
of integratedfield aftersubtractionof quadrupolarandsextupolarterms.

Thefirst bendof BE type( � � ) will bedeliveredin September. Correspondingdatawereproducedfrom
a TOSCA3D simulation.

Measureddatafor BX magnet(
�����

bend):
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measuredvalue designvalue[1]
entranceedgeangle �	� 
��
� � � � ��� �
exit edgeangle �	� 
 ����� � � ��� �
entranceedgeradius 1024mm 0
exit edgeradius 1009mm 0
homogeneity�����
� (within � 15mm) ��� � ����� ��� � �����

3D-simualateddatafor BE magnet( � � bend):

measuredvalue designvalue
edgeangle 
	� � � � � � ��� �
edgeradius 879mm 0
homogeneity�����
� (within � 15mm) ��� � �����

2.2 Quadrupoles

Thequadrupolesmanufacturedby BINP comein threeiron lengthesof 20,32 and44 cm,12 of eachtype
havehavewideyokesfor letting throughthesynchrotronradiationfansfrom theupstreambends.They are
namedQA/B/C with thesuffix W if it is onewith wideyoke.

Four quadrupolesQA-01,QA-02, QA-03 andQCW-01 have beenmeasuredduringApril andJune99
by colleaguesfrom BINP usingtherotatingcoil method.

Sextupole, octupoleand dekapolecomponentsare randomlydistributed sincethey are producedby
finite precisionof mountingthequadrupoles.Thedodekapoleis systematicandcontainsa constantcontri-
butionfrom thepolegeometryandacontributionrisingwith coil currentbeyondathresholdvaluewhichis
causedby saturation.A systematicikosapolecomesfrom thepolegeometry, its polarity is oppositeto the
quadrupolefield, whereasthedodekapolehassamepolarity [8]. Themeasureddatawereplotted[12] and
themultipolecomponentswereroughlyestimatedfrom theplots.

The following table displaysestimatesof integratedmultipolesin quadrupoles.The datagiven are
magneticfield valuesin unitsof

� ��� � andnormalizedto thequadrupolecomponent.Thereferenceradius
for measurementwas !#"$�
� mm. % standsfor a randomnumberfrom a Gaussiandistribution with
standarddeviationof 1 andcutoff at 2. Multipole componentsnot listedwere & � �	��� andthusneglected.

Also givenin thetablearedatafrom 2D-calculationsasusedfor thepreviousstudyof dynamicaperture
with multipoles[11], scaledto thereferenceradiusof 28mm.

Multipole ' regular skew 2D-study( �*)��+��,�-.� � ��� � (0/ )��+��,�-1� � �	��� ( ��)��
�*,2-.� � �	���
Sextupole 3 0.5% 1.5% 0
Octupole 4 2.5% 0.4% 0.009
Dekapole 5 0.2% 0.1% 0
Dodekapole 6 0.7

(43�5 �
����6 � -87:9<;>=@? ACBEDGF 0 0.23
Ikosapole 10 -0.8 0 0.05

3�5
is thecoil current. Since120A arerequiredto provide themaximumdesigngradientof 20.7T/m

[5, 6] thecalibrationis 3 5 " � �	� 
�� Am , ��H@, at2.4GeV.

Aniticpatingresultsandconclusions,thelargeoctupolecomponentis unacceptable.Fromdiscussions
with BINP [9] it turnedout however, that QA-01 andQA-02 were“technologicalprototypes”,the large
octupolecomponentwasunderstoodandoptimizedfor QA-03whereit is anorderof magnitudelower. QA-
03 becamethe“real” prototype,wasrenamedto QA-00 andaninspectionreportwasissued[5]. However
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for the wide quadrupoleprototypeQCW-00 (formerQCW-01) the largeoctupolewasconfirmed[6], but
BINP claimsthatthiseffect too is understoodandwill beimproved.

Theinspectionreportswereissuedduringthebeamdynamicscalculations.They show following dis-
crepanciescomparedto thetableabove:

I Theskew sextupolefor narrow quadsis anorderof magnitudelowerthanassumed,but agreesfor the
wideones.It seemsto becorrelatedto theregularoctupole

I Thedodekapoleshows �J� 
�KL� � � ��� offsetfor low currentandgoesdown to almostzerofor maximum
current,but themagnitudeof theeffect is comparable.

I Theskew dekapolefor widequadsis threetimeslargerthanassumed.

Sincetheinspectionreportscoveronly onequadrupoleof narrow andwidetypeit is impossibleto make
astatisticalstatementandin particularthevaluesfor therandommultipolesarenotsignificant.Anywaythe
discrepanciesto thetablearenegligible excepttheimprovementby factor10of theoctupolein thenarrow
quadrupoleswhich requiredanotherseriesof calculationsassuming� � �
�*,�M NO"P�	�Q��KR� � �	��� for the138
narrow quadsbut keepinglargevaluesfor the36wideones.

2.3 Sextupolesand correctors

SLS has120 sextupoleswith 72 of themalsousedashorizontalandvertical correctorsfor closedorbit
correctionand6 alsousedasskew quadrupolecorrectors.36sextupoleshavewideyokes.2 of narrow type
(SR)and1 of wide type(SRW) weremeasured.

Someof thehighermultipolesareexcitedby thesextupolecoil, othersby thecorrectorcoils. Theskew
quadrupolecorrectorsareveryweak( MCS�T�,�U�VWM�&X�	� ����� 1/m)andthuswereneglected.

Sextupolecurrentcalibration:The integratedsecondfield derivative is at maximumdesigncurrentof
120A is S �ZY Y[U�V\" ����� � ] T/m [7], thus3�^ " � 
J� ��� S H � U�V Am , at2.4GeV.

Correctorcurrentcalibration:With aneffective lengthof 0.26m thefield at maximumdesigncurrent
of 7 A is B=22.7mT, thusthecurrentasfunctionof thedeflectionangle �`_�Y�" S H�abU�V is givenby

3bc "d] � ��Ke�2�`_�Y A at2.4GeV.

Calibrationdatafor the vertical correctorcurrentwerenot availableandwe assumedthe samefactor
like for thehorizontalcalibration.

Thefollowingtabledisplaystheestimatedmultipoleerrorslikeexplainedin theheaderof thequadrupole
table.

Theauxiliaryquantities_ , f aredefinedby _g" (03�c � � A -W� (03�^ � � ��� A - andviceversafor f .

Multipole ' regular
( � ) �+� � -.� � ��� � skew

(0/ ) �+� � -.� � ��� �
Octupole 4 0.5% + 1.2f - 2.5_ 2.%
Dekapole 5 -34 f -39 _
Dodekapole 6 0.2 0
14-pole 7 -3.3 f 4.0 _
18-pole 9 -2.5 0
22-pole 11 1.3 f 1.6 _
30-pole 15 2.7 0
42-pole 21 -2.0 0
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Largefakevaluesfor dipoleandquadrupolecontributionshadbeenmeasureddueto badpositioningof
themagneticaxis,howeveractuallythey shouldbeassmallasif they wereproducedby anoffset &h�
�
i m,
correspondingto themagnetmanufacturingprecision[8] andthuswereneglectedhere.

During thecalculationsalsoaninspectionreportfor thefirst narrow sextupolewasissued[7], thenew
dataagreedwell with thetableabove.

3 Modelling

3.1 Bendingmagnets

Theeffect from bendingmagnetswascheckedwith thecodeOPA includingonly quadrupolarandsextupo-
lar termsfrom theedges.

Thehighermultipoleswereneglectedsincethey are & � �	��� within thebeamregion,definedby

M _1M�jkT cJl m � m�npo@crqts�u�npo@cRv ���
mm,

with T c "w
����QK mm the vacuumchamberhalf width,
m " � � � m and

s " � � � cm betafunctionand
dispersionatbendingmagnetedge,

m npo@c v ��K mthemaximumbetafunctionand
u npo@c " �

%themaximum
relativemomentumdeviationdefinedby theRF acceptance.

Theedgecurvaturecorrespondsto a sextupoleof integratedstrength

S H � U�VG" � � ( �
x2y�-
with x v �

m the radiusof curvatureand yz"{K	� � m the bendingmagnetradius. Two very weak
sextupolesof thiskind ( S`H � U�V

v �J� � m � , ) wereattachedto entranceandexit edgesof all bendingmagnets.

3.2 Multipoles

ThecodeTRACY [3] wasusedfor simulationsinceits flexible structureallows to setcorrelatedmultipole
and alignmenterrors. The multipole coefficient H ) as understoodby TRACY is derived from its field
componentnormalizedto thefield of the �
| poleat radius! by [11]

H ) "}H@~ � ,�) �J���C�<��
� , ~ �	���C�<��

����� N !
~ � )

In its presentconfigurationTRACY’s highestmultipole order is 15, thus H , a in the sextupoleswas
neglectedin orderto avoid changesof theTRACY datastructure.

Themultipolesareintegratedfor thin elementsanddistributedfor thick elements.TRACY usingthe���0�
ordersymplecticintegratortreatslinearandnonlinearelementsin thesameway.
Thecoil currentvalueswereobtainedfrom thedesignquadrupoleandsextupolestrengthandfrom the

correctorsettingsaftercorrectionof theclosedorbit distortionscausedby magnetmisalignments.
Thecodesegmentfor settingthemultipoleerrorsis listedin appendixA.

3.3 Misalignments

The“usual” settingfor correlatedmisalignmenterrorswasapplied[1]:

I 300i m and25i radfor giderjoints,

I 100i m for girderjoint play,

6



I 50i m and100i radfor magnetsandBPMsrelativ to girders

All valuesarestandarddeviationswith theGaussiandistributioncutoff at ��% .
After settingcorrelatedmisalignmentsanSVD procedurefor orbit correctionwasperformed,optionally

followedby a minimizationof theemittancecouplingratio ��"�� � �2� c using3 pairsof skew quadrupole
correctors[2].

3.4 Physicalaperture

With multipolessetthephysicalvacuumchamberaperturesof 65mmfull widthand32mmfull heightwere
includedin thecalculations,becausethemultipoleexpansionis notdefinedfor largerdeviationsandwould
consequentlycausenumericoverflow errorsdueto largeexponentsinvolved.Localaperturerestrictionsdue
to mini gapinsertiondevicesor the injectionseptumwereneglected.For simplicity thevacuumchamber
crosssectionwasassumedto berectangularwhereasit actuallyis polygonshaped.Theprojectionof the
physicalapertureto thetrackpointlocatedin the long straightsectioncenterwascalculatedfor on andoff
momentumrunsby linearbeamtransformationusingmomentumdependantbetafunctions.

3.5 Aperture vs. acceptance

Previous studies[1, 11] of this kind looked upon dynamicacceptanceratherthan dynamicapertureas
figureof merit,sincetheavailablephasespaceareais moresignificantthanits projectionto physicalspace.
However the computationwas basedon an ellipse fit to the tracked particle’s Poincaŕe plot which was
somehow inadequateasdescriptionof nonlineareigefiguresandfurthermoresometimesbecameinstable.
Thuswereturnhereto thetraditionalcalculationof dynamicaperture.

Correspondingacceptancevaluesin linearapproximationareobtainedasratio of squareapertureover
localbetafunction,with therequiredbetafunctionsgivenin figure1.

3.6 Nomenclature

The runswereenumeratedby the latticenamefollowedby 5 charactersindicatingwhetherthe following
optionswereactivated(otherwise0):

v for vacuumchamberaperture,
m for misalignmentsandclosedorbit correction
q for multipoleerrorsin quadrupoles
s for multipoleerrorsin sextupoles
x for couplingcorrectionby skew quadrupoles
Thus d2a 000mv identifiesa run with no multipolesandonly misalignmentsandphysicalaperture

included.Specialrunswerenamedby appendinganother character.

4 Results

4.1 Bendingmagnets

Changingtheedgeanglesandattachingthecurvaturesextupolesresultedin slightchangesof tuneandchro-
maticityof ��� c "d�	� � ��� ��� � "�6r�	� ���J� �`� c "O6r�	� � � � �`� � "��J� � 
 , whichareeffectsat theorderof a few
% verticallyandevenlesshorizontally. Consequentlydynamicaperturewasvirtually notaffected.Anyway
thesechangesof tuneandchromaticitycouldbeeasilycompensatedby slight adjustmentof quadrupoles
andsextupoles.
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Figure1: Momentumdependantbetafunctionsat centreof longstraightfor D2A lattice

4.2 Dynamic aperture studies

Dynamic apertureat the location of long straightsectioncenterwas determinedby binary searchwith
a resolutionof 0.1 mm and200 turns tracked. The calculationwasdonefor � � ��� � � � and ��� % static
relativemomentumdeviation,i.e. nosynchrotronoscillations.

LatticeopticsmodesstudiedwerethereferencelatticeD2A andfor comparisontheold referenceD0
thathadbeenrejectedbecauseno low emittancecouplingwasachievabledueto thevertical tunechosen
toocloseto aninteger[1]

Resultsaredisplayedandexplainedin appendixB.

4.2.1 Ideal lattice

Run d2a 00000 shows dynamicaperturewithout vacuumchamberrestriction(blue line) and also the
linear projectionof the beampipe(black rectangle). It was an importantearly designgoal to make the
dynamicaperturelargerthanthegeometricaperturefor a relativemomentumrangeof ��� %.

Rund2a 0000v includesthe vacuumchamberin dynamicaperturecalculation. In somecases,e.g.
for

u "�� %, thelinearphysicallimits arenot fully reacheddueto a mismatchof thenonlineareigenfigure
to thelineartransformation,in othercases,e.g. for

u "O� % they areevenexceededfor thesamereasonas
illustratedby Poincaŕeplot shown in figure2.

4.2.2 Misalignmentsonly

Rund2a 000mv includesmisalignments(100seeds)andclosedorbit correction.With theBPMsnext to
sextupolesclosedorbit correctionis ableto almostrestorethedynamicaperture.
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Figure2: Poincaŕe plot of particlemotionat centreof long straight:Due to nonlineardistortionsthedy-
namicaperturemaylocally exceedthelineartransformationof thegeometricaperture(circles).

Theaperturesfor zeroandpositive
u

look good:little from thegeometricallyavailableaperturehasbeen
lost. Howeverat

u "z6e��� we observe largespreadfrom differentseedsandsignificantdegradationof the
average.Probablythis is dueto theinconvenientlocationof theworkingpoint thathasto bereconsidered.

4.2.3 Multipoles only

Rund2a 0sq0v appliesthemultipoleerrorswithoutsettingany misalignments.Comparisontod2a 000mv
tells thatthemultipoleshavemoreimpactondynamicaperturethanthemisalignments!Again theeffect is
worsefor

u &�� thanfor positive values.But evenon-momentumthedegradationis substantialandmight
causeinjectionproblems:The layout of the injection region plansfor 9 mm spacingbetweenstoredand
injectedbeam.With multipolesweexpectanaverageapertureof 10mmandaminimumof 7 mm,i.e. there
is somechancethatwemight not beableto inject into theD2A-opticsof thelattice.

The aperturesfor
u "������ have largely decayed,however they anyway arenot usedsincethe RF

momentumacceptanceendsat4%. Thisconfirmsthedecisionto work ratheronbunchlengtheningby a 
��E�
harmoniccavity thanon increasingthemomentumacceptancein orderto prolongTouscheklifetime [10].

4.2.4 All errors

Therealisticsituationof combinedmisalingmentsandmultipolesis shown in d2a 0sqmv: Thereis little
differencecomparedtod2a 0sq0v, i.e. obviouslytheperturbationfrom misalignmentsis smallcompared
to theperturbationfrom multipoles.Only at

u "�6e��� , whereobviously thelatticeis mostvulnerable,we
observefurtherdegradation.

For run d2a xsqmv the couplingsuppression[2] wasactivated: The upperright plot displaysthe �
valuesafter vs. beforecorrection. Comparedto the previous run we observe only little improvementof
dynamicaperture.
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4.2.5 In search of the “bad guy”

Thenext two runsweredonewith theerror typesseparated:d2a 00q0v hasonly errorsin quadrupoles,
whereasd2a 0s0mv hasall errors(multipolesin sextupolesandcorrectorsand misalignments)except
from quadrupoles.The resultsclearlypoint to thequadrupolesasthesourceof troubles.Thesextupoles
andcorrectorscontributepracticallynothingto dynamicaperturedegradation.

Sincethe octupoleweremostsuspiciousanotherrun wasdonewith the strengthesof the regular oc-
tupolesreducedby afactor10accordingto theimprovementsmeanwhileachievedatBINP [5] while keep-
ing all othermultipoles.Theresultis shown in d2a 00q0v o: Now we observe significantimprovement
comparedto d2a 00q0v andalmostexactly thesameaperturedegradationlike from themisalignments,
i.e. quadrupolesof thisqualitywouldbecompatiblewith thequalityof alignment.In factthesimilarity of
d2a 00q0v o andd2a 000mv is amazing.

For run d2a 00q0v w we assumedthat no improvementhasyet beenachieved for the octupoleof
the wide quadrupolesand we expectedno seriousdegradationof dynamicaperturesincethe 36 wide
quadrupolesarea minority comparedto the 138 narrow ones. However the result is somewherein the
middle betweenthe original run with large octupolesd2a 00q0v andthe previous run d2a 00q0v o
assumingimprovementsfor all quadrupolesandthusdiappointing.

Finally d2a xsqmv w presentsthe most realisticsituationwith the quadrupoleslike in the previous
runandswitchingonagaineverythingelse:misalignments,closedorbit andcouplingcontrolandsextupole
andcorrectorerrors.Theaveragehorizontalaperturefor

u "z� is
v

11 mm allowing someprobabilityfor
successfulinjection(9 mmrequired).Maybewecouldlivewith that.Thelimitation maily comesfrom the
octupolesin thewide quadrupoles.Comparingd2a 00q0v w to d2a 00q0v o we mayseethatanother
mmcouldbegainedby improving thewidequadrupolestoo.

4.2.6 Score

For all runs a “score” was definedas the dynamicapertureradiusaveragedover all seeds,momentum
deviationsandtestanglesin orderto somehow quantifythelatticeperformance.

If wesettheideallatticed2a 0000v as100%performance,thefreedynamicaperturewouldbe157%.
In all runs wherethe quadrupoleerrorsare switchedon we find a reductionto 74.5%( � 2%) no mat-
ter whethermisalignments,sextupole/correctorerrorsandcouplingsuppressionareenabledor not. The
quadrupolesalonecausea reductionto 76%which improvesto 85%just by reducingtheregularoctupole
componentby a factorof 10 in all quadrupolesandto 80%if it is donefor thenarrow typeonly.

If thequadrupoleerrorsaredisabledwefind a reductionto only 87.6%( � 1%) from misalignmentsno
matterif thesextupole/correctorerrorsareenabledor not. Thisproves,thatit is maily theregularoctupole
in thequadrupolethatspoilsdynamicaperture.

4.2.7 D0 lattice

For comparisonsomerunswerealsodonefor the latticein D0 modebut arenot shown here.Thegeneral
performaceis comparableto theD2A-optics.

Therewasno significantdifferencein robustnessto multipolesandmisalignments.D0 performsbetter
atnegative

u &k� but worsefor
u`� � . At

u "d� thelossin apertureis smaller. At leastwecouldlearnfrom
theD0 runs,that thehigh sensitivity to multipoleerrorsis no particularfeatureof theD2A lattice(except
thefragiledynamicsat

u "�6e��� ) but a generalproblemfor any low emittanceopticsmode.

5 Conclusion

Multipoleserrorsin quadrupolesasmeasuredby theBINP teamfrom April to June99 affect thedynamic
apertureof theSLSstoragering significantly. Theeffect is largecomparedto thedynamicaperturedegra-
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dationfrom alignmenterrors.
This resultis ratherunpleasent,becausedueto dominatingmultipoleeffectsthehigh standardof me-

chanicalengineeringandalignmentin SLSwouldsomehow bewasted.Furthermorewith thepresentoptics
modesuccessfulinjectioninto SLScannotbeguaranteed.

Theregularoctupoleerrorin thequadrupolesis by farmostresponsiblefor thedynamicaperturedegra-
dation. A reductionof this randomerror from %�"����QK�� � �	��� (relative field componentat 28 mm radius)
by anorderof magnitudeis required in orderto providesufficientdynamicaperture.

This kind of improvmementhasalreadybeenachievedat leastfor theprototypeQA-00 (shortnarrow
quadrupole)but notyet for theprototypeQCW-00 (longwidequadrupole)[5, 6].

We demandthatall quadrupolesof all six typeseventuallywill haveamultipolecontentlike QA-00or
better.

The BINP sextupoleswith integratedcorrectorsperformedexcellent in simulations,in particularthe
largedekapolefrom thecorrectorscausednoproblems.

The TESLA bendingmagnetsslightly affect tuneandchromaticity, however this doesnot affect the
dynamicapertureandcouldbeeasilycompensatedanyway.

The D2A optics modealso exhibited a rather fragile dynamicsfor negative momentumdeviations,
probablycausedby excitationof non-systematicandskew resonancesin combinationwith chromaticshift
of theworking point. Optimizationof theopticsfor betterpositioningof theworking point andreducing
chromatictuneshiftsis required.
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A TRACY program

Excerptfrom theTRACY programmpol.c 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*cell.Elem.PL;
curr = b2*46.38; // quad calibration

setkLpar(i,j, 3, 0.5E-3*normranf()*b2L/radius[1]);
// large octupole in wide quads only:
if (qwlist[n]==1) {
setkLpar(i,j, 4, 2.5E-3*normranf()*b2L/radius[2]);

} else {
setkLpar(i,j, 4, 0.25E-3*normranf()*b2L/radius[2]);

}
setkLpar(i,j, 5, 0.2E-3*normranf()*b2L/radius[3]);
setkLpar(i,j,-3, 1.5E-3*normranf()*b2L/radius[1]);
setkLpar(i,j,-4, 0.4E-3*normranf()*b2L/radius[2]);
setkLpar(i,j,-5, 0.1E-3*normranf()*b2L/radius[3]);
//integrated dodekapole from saturation:
if (curr >= 80.0) {
setkLpar(i, j, 6, 0.7E-3*(curr/80.0-1.0)*b2L/radius[4]);

}
// systematic ikosapole:
setkLpar(i,j, 10, -0.7E-3*b2L/radius[8]);

}

for (n = 0; n < nsex; n++) {
getelem(slist[n], &cell);
i=cell.Fnum; j=cell.Knum;
b3L = getkpar(i,j,3);
if (schlist[n]>0) {
getelem(schlist[n], &cell2);
b1L = getkpar(cell2.Fnum, cell2.Knum, 1);

} else { b1L=0.0;}
if (scvlist[n]>0) {
getelem(scvlist[n], &cell2);
a1L = getkpar(cell2.Fnum, cell2.Knum, -1);

} else { a1L=0.0;}
curr = b3L*13.64 ; // sext calibration
currh= b1L*9485.0 ; // hor corr calib
currv= a1L*9485.0 ; // ver corr calib (?? nothing was measured)
xx=currh/7.0*100/curr;
yy=currv/7.0*100/curr;

setkLpar(i,j, 4, ( 0.5*normranf()+1.2*yy-2.5*xx)*1E-3*b3L/radius[1]);
setkLpar(i,j, 5, ( 0.2*normranf()-34.0*yy )*1E-3*b3L/radius[2]);
setkLpar(i,j, 6, ( 0.3 )*1E-3*b3L/radius[3]);
setkLpar(i,j, 7, ( -3.3*yy )*1E-3*b3L/radius[4]);
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setkLpar(i,j, 9, ( -2.5 )*1E-3*b3L/radius[6]);
setkLpar(i,j,11, ( 1.3*yy )*1E-3*b3L/radius[8]);
setkLpar(i,j,15, ( 2.7 )*1E-3*b3L/radius[10]/radius[2]);
// b21 dropped ....
setkLpar(i,j,-4, ( 2.0*normranf() )*1E-3*b3L/radius[1]);
setkLpar(i,j,-5, (-39.0*xx )*1E-3*b3L/radius[2]);
setkLpar(i,j,-7, ( 4.0*xx )*1E-3*b3L/radius[4]);
setkLpar(i,j,-11,( 1.6*xx )*1E-3*b3L/radius[8]);

}

B Figures

Following pagesshow the resultsfrom dynamicaperturecalculations.Trackpointwasthe centreof the
longstraightsections.For conversionof thedynamicapertureinto linearlyapproximatedacceptancevalues
figure1 of betafunctionsasfunctionof momentumdeviationmaybeused.200turnsweretracked,binary
searchresolutionwas0.1mm.

Thesymbolsshow resultsfrom differentseeds,themediumblue line givesthe averageandthe inner
red line theminimumfrom all seeds.If it is missingno closedorbit wasfoundin oneor moreseedsand
subsequentlycountedaszerodynamicaperture.

Theblackrectanglesshow thelinearprojectionof thevacuumchamber.
Theupperright plot is usedto show theemittancecouplingratiosaftervs. beforecouplingcorrection

andis only usedfor runswherethisoptionwasactivated.

C Addendum, Oct.18,1999

Most of thestudiesasplottedin thefiguresbelow reveala “fragile” dynamicaperturefor
u "�6e� %: The

spreadfor differentrunsis largerthanfor other
u

valuesandtheaverageandminimumvaluesarereduced.
Thedynamicaperturedeterioratoncausedby multipolemomentsin themagnetsis aggravatedat

u "O6e� %
dueto crossingthe non-systematicsumresonance� cRq � � "���] (seefigure4.4 in ref [13]). Work is in
progressto find a betterworking point for the lattice. However the conclusionconcerningthe octupole
contentof quadrupolesdoesnot change,sinceit wasderivedmainly from the

u "�� runs(compareruns
d2a 00q0v andd2a 00q0v w).
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Figure3: d2a 00000 Ideallattice: freedynamicaperture(score:157%)
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Figure4: d2a 0000v Ideallatticewith limitationsfrom vacuumchamber(score:100%)
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Figure5: d2a 000mv Only alignmenterrors(score:88.5%)
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Figure6: d2a 0sq0v Only multipoleerrors(score:75.7%)
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Figure7: d2a 0sqmv All errors(score:72.5%)
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Figure8: d2a xsqmv All errors,with couplingcorrection(score:74.0%)
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Figure9: d2a 00q0v Quadrupolesonly (score:76%)
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Figure10: d2a 0s0mv All errorsexceptquadrupoles(score:86.7%)
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Figure11: d2a 00q0v o Quadrupoles:octupolesreducedby factor10 (score:85.0%)
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Figure12: d2a 00q0v w Quadrupoles:octupolesreducedin narrow quadsonly (score:80.3%)
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Figure 13: d2a xsqmv w All errorsand coupling control, reducedoctupolesin narrow quadsonly
(score:77.1%)
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