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Abstract

Studieson linear andnonlinearimperfectionsin the SLS
storagering operatedat 2.4 GeV arepresented.The in-
fluenceof spuriousverticaldispersionandlinearcoupling
on theverticalemittanceandpossiblecorrectionschemes
are discussed. The deteriorationof the Dynamic Aper-
turecausedby higherordermultipolesis investigatedbased
on field calculations.Furthermoretheinfluenceof ground
waveson theorbit stability is estimated.

1 THE MACHINE MODEL

For a successfuloperationof theSLSstoragering [1] it is
crucial to keepthe toleranceson linear andnonlinearim-
perfectionsassmallaspossible.Correctionschemeshave
to compensatefor the remainingerrors. In orderto simu-
late the imperfectSLSring a realisticmachinemodelhas
beendevelopedutilizing the6D codeTRACY[2][3].

Horizontal and vertical alignmenterrors,magnettilts,
strengthdistortionsand higher order multipoles are in-
cluded.Thefact that theelementsaremountedon girders
andthedipolesarechainingadjacentgirdersintroducesa
correlationwhichhasto betakeninto accountin thesimu-
lation. Theelementson thegirdersareassumedto havean
rmsaligmenterrorof 50� m, thegirdersthemselves300� m
andthegirderjoints100 � m.

The roll of the girdersis controlledto 25� radby a hy-
drostaticleveling system.Individual elementsareallowed
to have residualrolls of 100� rad rms. In order to get a
properstatistics200differenterrorsequences(seeds)have
beenchosenin the simulation. It shouldbe notedthat all
assignederrorsaregaussiandistributedwith a cut at two
sigma.

2 ORBIT CORRECTION

Oncetheerrorshave beenassigneda first turn steeringal-
gorithm (“threader”) is usedto find the initial closedor-
bit. After settingthe sextupolesto 50% of their strength
a closedorbit correctionis performedwhich is basedon
the informationof betafunctionsandphasesfor the ideal
optics. This is followedby anothercorrectionloop at full
sextupolestrengthuntil themonitorshavezeroreadings.

For the orbit correctiontwo schemesare considered.
Oneis basedon theSingularValueDecomposition(SVD)
algorithm. The other involvesinterleaved threecorrector
bumps“sliding” aroundthemachine.

The global SVD schemehas the advantageof being
ableto handleanunequalnumberof monitorsandcorrec-
tors in thecaseof faulty monitorsand/orsaturatedcorrec-
tors andis thereforevery flexible. On the otherhandthe
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Figure1: Corrector/Monitorlayout of onesector(1/12th)
of theSLSstoragering

SVD schemerequiresa goodknowledgeof the linearma-
chineopticsin orderto determinetheinverseof thecorrec-
tor/monitorcorrelationmatrix ����� .

For theenvisagedmonitorandcorrectorlayout(72mon-
itorsand72correctorsat thesamelocationsin bothplanes)
(seeFigure1) theSVD andthesliding bumporbit correc-
tion schemeconverge to the samecorrectionstate. This
canbe explainedby the fact that ����� is a sparsetridiag-
onalmatrix containingthekick ratiosof interleaved three
correctorbumps. It shouldbenotedthat thepropertiesof
� �!� have implicationson the implementationof the fast
globalorbit feedback[4].
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Figure2: Mean,rms andmaximumverticalorbit for 200
seedsfor 1/3rdof thelattice.

After the correctionrms valuesof about200 � m (zero
monitor readings)areobserved in both planes.As an ex-
ampleFigure 2 visualizesthe mean,rms and maximum
orbit in the vertical plane. The maximumcorrectorkicks
neededare50%below thedesignmaximumof # 1 mrad.



In theverticaldirectionabout20%morecorrectorstrength
is neededthanin thehorizontalplanealthoughthermshor-
izontalkick is about30%larger. This canbeexplainedby
a 50%lessefficientcorrectionin theverticalplane.

3 COUPLING CORRECTION
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Figure3: Top: Mean,rmsandmaximumbeamellipsetwist&
for 200seedsfor 1/3rdof thelattice,bottom:correspond-

ing sigmaratio '�()(�*�'+( .

Betatronand emittancecoupling have beenestimated
from the calculationof generalizedemittancesandsigma
matrices[5]. Thebeamellipsetwist in thestraightsections
of theSLSstoragering hasbeenfoundto be # 40mrad(see
topgraphof Figure3).

The correspondingvaluefor the emittancecoupling in
modeD1 whichallows5-8cmhorizontaldispersionin the
straightsectionsis calculatedto be0.2%and1%in thezero
dispersionmodeD0. This relatively largecouplingfactor
for the latter modecan be explainedby the fact that the
verticalworkingpointhadbeeninitially chosenveryclose
to the integer ( ,�-/.1032 465 ) in order to optimize the Dy-
namicAperture.At thesametime this resultsin a signifi-
cantincreaseof thespuriousverticaldispersion.A change
of the vertical tune to ,�-/.75+2 8�5 (D2A lattice) leadsto
a reductionof theemittancecouplingto 0.25%. The bot-
tom graphof Figure3 shows the sigmaratios '�()(�*�'�( for

1/3rd of the D2A lattice after the tunechange.The con-
tribution from quadrupolesis nicely compensatedby the
dispersiongeneratedby the nearly adjacentorbit correc-
tors in thesextupoles.Thustheremainingverticaldisper-
sion of 0.3 cm is mainly inducedby sextupoles. Another
sourceof emittancecouplingis thefeeddown of horizontal
dispersionthroughskew quadrupolecomponentsinduced
by nonzerovertical orbits in sextupolesand quadrupole
roll errors. This contribution can be minimizedutilizing
dedicatedskew quadrupoles.Foreseenare threefamilies
with two magnetsper family pairedaroundthe threelong
straightsections.Theideais to usetheforeseenadditional
correctorwindingson the sextupolesto generatethe nec-
essaryfield. Theeffectivnessof thecorrectionschemehas
beentestedfor the200seeds.Theresultinghistogramsfor
theemittanceratio 9 aredepictedin Figure4. It canbeseen
that the mean 9 value is reducedfrom 0.25%(seecurve
labeledsextupoles+tilt error+no correction) to 0.1%(see
curve labeledsextupoles+tilt error+correction). Further-
morethe 9 spreadhasbeenreducedfrom 0.16%to 0.06%.
It canbe alsodeducedfrom the graphthat magnettilt er-
rors have only a marginal influenceon 9 (seecurves la-
beledsextupoles+tilt error+(no) correction). Switchingof
thesextupolesresultsin a 9 of 0.02%(seecurvelabeledno
sextupoles+tilt error+correction) which illustratesthatthe
residualcouplingis dominatedby sextupoles.Quadrupoles
plus correctorsaloneaccountfor a 9 of 0.01%(seecurve
labeledno sextupoles+no tilt error).
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Figure4: Histogramsof theemittanceratio 9 for 200seeds
with andwithoutcouplingcorrection.

4 MULTIPOLE ERRORS

Resultsfrom2D field calculations[11] for quadrupolesand
dipoleshave beeninvestigatedconcerningthe impact on
DynamicAperture[10]. Alignment errorsandorbit cor-
rectionhavebeenincluded.It hasbeenfoundthatthemul-
tipolescut off all DynamicApertureoutsidethe physical
aperturewhich is simply due to the fact, that the multi-
poledecompositionis only valid within thepole inscribed
radius. Tracking including physicallimits virtually does



notshow any DynamicAperturedeterioration.Subsequent
testsusingdatafrom 3D field calculationsfor quadrupoles
andsextupoleshaveconfirmedthis result.

Theverticalcorrectorswith dipolecoefficient : � which
are integratedinto the sextupolescreatea large decapole
component:<; . Theratioof themultipolecoefficients :<;=*�: �
is calculatedtobe >32?8�>A@B4 ; m ��C . Assumingalinearscaling
of :<; with : � the DynamicAperturehasbeencalculated
for 200distortedandorbit correctedmachinesoperatedin
the D0 latticemode. It hasbeenshown that theDynamic
Apertureis only reducedfor large momentumdeviations
dp/pD 2%.

5 GROUND WAVES

Themagnetsof theSLSstoragering aremountedonto48
girderswith the 36 bendingmagnetsof the 12 TBAs sit-
ting on theendsof two adjacentgirders[7]. Theamplitude
of storedbeamorbit oscillationexcitedby groundwavesis
calculatedby convolution of theseismicspectrumon site,
dampingby the concreteslabof the hall, girder mechan-
ical amplificationfactors,closedorbit distortion amplifi-
cationfactorsandattenuationfactorsof the fast feedback
system[4].

For a roughworst caseestimatethe following assump-
tionsaremade:

E Thelargestgroundnoiseobservedwasrecordedwhile
a heavy truck was passingby on the nearbyroad.
Peaksof 300nmat30Hz and30nmat60Hz [8] were
found.Continuosgroundnoisehoweveris atleastone
orderof magnitudelower.E Within theworst caseestimatethedampingeffect of
thehall’s40cmconcreteslabareneglected.E The mechanicalamplification factorsof the girder
were measuredto be FG@B4 on resonancehorizon-
tally and vertically over a frequency range from
0.. .50Hz [9].E Amplification factorsfor the closedorbit with and
without girdersareshown in Fig. 5. With girdersone
seeshorizontal[vertical]amplificationfactorsof 8 [5]
at30Hz and25 [5] at60Hz.E Theattenuationprovidedby thefastfeedbacksystem
is about-55dB at30Hz and-35dB at60Hz (assum-
ing thatthereis only onedominantpeak)[4].

Multiplying thesenumbersonearrivesat rmsaverageorbit
distortionsof 25 [15] � m horizontally[vertically] at 30Hz
and7.5[1.5] � m at60Hz without feedback.Includingthe
feedbacktheorbit distortionsarewell below 1 � m overthe
wholefrequency range.

With this as the resultof a worst caseestimatewe are
looking forwardto achievea ratherquietbeamatSLS.

Figure5: Amplification factorsdefinedasratio of closed
orbit (averagedovergroundwaveincidentangleandphase)
to groundwave amplitudefor singleelements(dotted)and
elementsmountedon girders(solid). For high frequency
the factorsapproachthevaluesfrom randommagnetmis-
alignmentswhich arefor singleelements,girder to girder
andgirderabsolutealignmentgivenby 58, 22, 6 horizon-
tally and25, 4, 3 vertically. An increaseof the factorsis
observed where H equalsthe betatronwavelength,which
occursat36Hz for thehorizontalandat14Hz for thever-
tical. Speedof soundwas assumedto be 500 m/s (soft
ground).
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