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Abstract

Studieson linear and nonlinearimperfectionsin the SLS
storagering operatedat 2.4 GeV are presented.The in-
fluenceof spuriousverticaldispersiorandlinear coupling
on the vertical emittanceand possiblecorrectionschemes
are discussed. The deteriorationof the Dynamic Aper
turecausedy higherordermultipolesis investigatedhased
on field calculations.Furthermorehe influenceof ground
waveson theorbit stability is estimated.

1 THE MACHINE MODEL

For a successfubperationof the SLS storagering [1] it is
crucial to keepthe toleranceon linear and nonlinearim-
perfectionsassmall aspossible.Correctionschemedave
to compensatéor the remainingerrors. In orderto simu-
late the imperfectSLS ring a realisticmachinemodelhas
beendevelopedutilizing the6D codeTRACY[2][3].

Horizontal and vertical alignmenterrors, magnettilts,
strengthdistortionsand higher order multipoles are in-
cluded. Thefactthatthe elementsare mountedon girders
andthe dipolesare chainingadjacenfirdersintroducesa
correlationwhich hasto betakeninto accountn the simu-
lation. Theelementonthe girdersareassumedo have an
rmsaligmenterrorof 50um, thegirdersthemseles300zm
andthegirderjoints 100 zm.

Theroll of the girdersis controlledto 25urad by a hy-
drostaticleveling system.Individual elementsareallowed
to have residualrolls of 10Qurad rms. In orderto geta
properstatistic200differenterrorsequencetseedshave
beenchosenin the simulation. It shouldbe notedthatall
assigneckerrorsare gaussiardistributed with a cut at two
sigma.

2 ORBIT CORRECTION

Oncetheerrorshave beenassigned 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 betafunctionsandphasedor theideal
optics. This is followed by anothercorrectionloop at full
sextupolestrengthuntil the monitorshave zeroreadings.

For the orbit correctiontwo schemesare considered.

Oneis basedon the SingularValueDecompositior(SVD)
algorithm. The otherinvolvesinterleared threecorrector
bumps“sliding” aroundthe machine.

The global SVD schemehas the adwvantageof being
ableto handlean unequanumberof monitorsandcorrec-
torsin the caseof faulty monitorsand/orsaturatectorrec-
tors andis thereforevery flexible. On the otherhandthe
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Figurel: Corrector/Monitodayoutof onesector(1/12th)
of the SLSstoragering

SVD schemeaequiresa goodknowledgeof the linear ma-
chineopticsin orderto determingheinverseof thecorrec-
tor/monitorcorrelationmatrix A=1.

For theervisagednonitorandcorrectodayout(72mon-
itorsand72 correctorsaatthesamdocationsin bothplanes)
(seeFigurel) the SVD andthe sliding bump orbit correc-
tion schemecorverge to the samecorrectionstate. This
canbe explainedby the factthat A~ is a sparsetridiag-
onal matrix containingthe kick ratiosof interleavedthree
correctorbumps. It shouldbe notedthatthe propertiesof
A~! have implicationson the implementatiorof the fast
globalorbit feedback4].
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Figure2: Mean,rms and maximumvertical orbit for 200
seeddor 1/3rdof thelattice.

After the correctionrms valuesof about200 um (zero
monitor readings)are obsenedin both planes.As an ex-
ample Figure 2 visualizesthe mean,rms and maximum
orbit in the vertical plane. The maximumcorrectorkicks
needecdare 50% below the designmaximumof ~1 mrad.



In theverticaldirectionabout20%morecorrectorstrength
is neededhanin thehorizontalplanealthoughthermshor-

izontalkick is about30%larger. This canbe explainedby

a50%lessefficient correctionin theverticalplane.

3 COUPLING CORRECTION
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Figure3: Top: Mean,rmsandmaximumbeamellipsetwist
0 for 200seeddor 1/3rdof thelattice,bottom: correspond-
ing sigmaratioorr/or.

Betatronand emittancecoupling have beenestimated
from the calculationof generalizecemittancesand sigma
matriceqg5]. Thebeamellipsetwistin thestraightsections
of theSLSstorageing hasbeenfoundto bex~40mrad(see
top graphof Figure3).

The corresponding/aluefor the emittancecouplingin
modeD1 which allows 5-8 cm horizontaldispersiorin the
straightsectionss calculatedo be0.2%and1%in thezero
dispersiormodeDO. This relatively large couplingfactor
for the latter mode can be explainedby the fact that the
verticalworking pointhadbeeninitially chosernvery close
to the integer (v, = 7.08) in orderto optimize the Dy-
namicAperture. At the sametime this resultsin a signifi-
cantincreasef the spuriousverticaldispersion A change
of the vertical tuneto v, = 8.28 (D2A lattice) leadsto
a reductionof the emittancecouplingto 0.25%. The bot-
tom graphof Figure 3 shows the sigmaratioso /o for

1/3rd of the D2A lattice after the tune change. The con-
tribution from quadrupoless nicely compensatedby the
dispersiongeneratedy the nearly adjacentorbit correc-
torsin the sextupoles. Thusthe remainingvertical disper
sion of 0.3 cm is mainly inducedby sextupoles. Another
sourceof emittancecouplingis the feeddavn of horizontal
dispersionthroughskew quadrupolecomponentsnduced
by nonzerovertical orbits in sextupolesand quadrupole
roll errors. This contribution can be minimized utilizing
dedicatedskew quadrupoles.Foreseerare threefamilies
with two magnetger family pairedaroundthe threelong
straightsections.Theideais to usetheforeseeradditional
correctorwindings on the sextupolesto generatehe nec-
essanfield. Theeffectivnessof the correctionschemehas
beentestedfor the200seedsTheresultinghistogramdgor
theemittanceatiox aredepictedn Figure4. It canbeseen
that the meank valueis reducedfrom 0.25% (seecurve
labeledsextupoles+tilt error+no correction) to 0.1% (see
curve labeledsextupoles+tilt error+correction). Further
morethe k spreachasbeenreducedrom 0.16%to 0.06%.
It canbe alsodeducedrom the graphthat magnettilt er-
rors have only a mamginal influenceon « (seecurvesla-
beledsextupoles+tilt error+(no) correction). Switchingof
thesextupolesresultsin ax of 0.02%(seecurve labeledno
sextupol es+tilt error+correction) whichillustratesthatthe
residuakouplingis dominatedy sextupoles.Quadrupoles
plus correctorsaloneaccountfor a x of 0.01%(seecurve
labeledno sextupoles+no tilt error).
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Figure4: Histogramaof theemittanceatio  for 200seeds
with andwithout couplingcorrection.

4 MULTIPOLE ERRORS

Resultsfrom 2D field calculationg11] for quadrupoleand
dipoleshave beeninvestigatedconcerningthe impacton
Dynamic Aperture[10]. Alignmenterrorsandorbit cor-
rectionhave beenincluded.It hasbeenfoundthatthemul-
tipoles cut off all Dynamic Apertureoutsidethe physical
aperturewhich is simply due to the fact, that the multi-
pole decompositions only valid within the poleinscribed
radius. Trackingincluding physicallimits virtually does



notshav ary DynamicAperturedeterioration Subsequent
testsusingdatafrom 3D field calculationsfor quadrupoles
andsextupoleshave confirmedthis result.

The vertical correctorswith dipole coeficient b; which
are integratedinto the sextupolescreatea large decapole
componenb;. Theratio of themultipolecoeficientsbs /by
is calculatedo be5.25 10> m=%. Assumingalinearscaling
of b5 with b, the Dynamic Aperturehhasbeencalculated
for 200 distortedandorbit correctednachinesoperatedn
the DO lattice mode. It hasbeenshavn thatthe Dynamic
Apertureis only reducedfor large momentumdeviations
dp/p>2%.

5 GROUND WAVES

The magnetsf the SLS storagering aremountedonto 48
girderswith the 36 bendingmagnetsof the 12 TBAs sit-
ting ontheendsof two adjacengirders[7]. Theamplitude
of storedbeamorbit oscillationexcitedby groundvavesis
calculatedby cornvolution of the seismicspectrumon site,
dampingby the concreteslab of the hall, girder mechan-
ical amplificationfactors,closedorbit distortion amplifi-
cationfactorsandattenuatiorfactorsof the fastfeedback
systen4].

For a roughworst caseestimatethe following assump-
tionsaremade:

¢ Thelargestgroundnoiseobseredwasrecordedvhile
a heary truck was passingby on the nearbyroad.
Peakf 300nmat30Hz and30nmat60Hz [8] were
found. Continuoggroundnoisehoweveris atleastone
orderof magnituddower.

e Within the worst caseestimatethe dampingeffect of
thehall’'s40 cm concreteslabareneglected.

e The mechanicalamplification factors of the girder
were measuredo be < 10 on resonancehorizon-
tally and vertically over a frequeng range from
0...50Hz[9].

¢ Amplification factorsfor the closedorbit with and
without girdersareshavn in Fig. 5. With girdersone
seeshorizontal[vertical]amplificationfactorsof 8 [5]
at30Hz and25([5] at60 Hz.

e Theattenuatiorprovidedby the fastfeedbacksystem
is about-55dB at30 Hz and-35dB at 60 Hz (assum-
ing thatthereis only onedominantpeak)[4].

Multiplying thesenumbersnearrivesat rmsaverageorbit
distortionsof 25[15] um horizontally[vertically] at 30 Hz
and7.5[1.5] pm at 60 Hz without feedbackIncludingthe
feedbackhe orbit distortionsarewell belowv 1 um overthe
wholefrequeng range.

With this asthe resultof a worst caseestimatewe are
looking forwardto achieve aratherquietbeamat SLS.
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Figure5: Amplification factorsdefinedasratio of closed
orbit (averagedvergroundwaveincidentangleandphase)
to groundwave amplitudefor singleelementgdotted)and
elementsmountedon girders(solid). For high frequeny

the factorsapproactthe valuesfrom randommagnetmis-

alignmentswhich arefor singleelementsgirderto girder
andgirder absolutealignmentgiven by 58, 22, 6 horizon-
tally and 25, 4, 3 vertically. An increaseof the factorsis

obsened where A equalsthe betatronwavelength,which

occursat 36 Hz for the horizontalandat 14 Hz for thever

tical. Speedof soundwas assumedo be 500 m/s (soft

ground).
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