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Abstract

In orderto understandhe currentlimitations of the dy-
namic (momentumapertureit is essentiato have a good
modelrepresentinghe realistic lattice. Sincesomeyears
ananalysisof measurearbit responsenatricesis usedto
calibratethelatticemodelatthe ALS. Measurementsf the
responsenatricesarecarriedout weekly Recentlythe or-
bit responsamatrix analysishasbeenexpandedto a fully
coupledanalysis. In orderto keepthe computationtime
neededfor the coupledanalysisof a completeresponse
matrix in resonabldimits a new algorithmto calculatethe
modelresponsenatrix elementsvaswritten. Themodified
codewassuccessfullysedo determindocalizedcoupling
strengths Predictionsof the calibrated,coupledmodelare
in goodagreementvith theresultsof independenteasure-
mentsof severalmachineparameters.

1 INTRODUCTION

The AdvancedLight Source(ALS) is a third generation
synchrotroright sourcdocatedat LawrenceBerkeley Na-
tional Laboratory[1] (seeTah 1). Similar to the situation
at all otherthird generatiorsynchrotronlight sourcesthe
singleparticledynamicsis animportantfactorwhich con-
tributesto severalperformancdimitations,themostimpor-
tantonesareinjectionefficiency andlifetime.

Tablel: Nominal ALS parameters.
Parameter Description

E Beamenegy 1.5-1.9GeV
c Circumference 196.8m
v, hor. tune 14.25

vy vert.tune 8.20

(o hor. nat. chromaticity -24.6

Cy vert. nat. chromaticity -26.7

To understandhe limitations, it is essentialto have a
goodmodelrepresentinghe realisticlattice. To calibrate
the linear model of the ALS an analysisof measuredr-
bit responsenatriceq2] is used(with the computercodes
LOCOandTRACY II) [3]. In thisanalysistheoreticalor-
bit responsenatricedfor differentsettingsof thefit param-
etersare calculatedwith TRACY Il. ThenLOCO is used
to fit the modelresponsenatrix (C*/) to the measuredne
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Figure 1: Schematicsof one of the twelve triple bend
achromat®f the ALS.

(C9):
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whereR¥ is the transfermatrix from corrector;j to beam
positionmonitor (BPM) i, R¥/ is the oneturn transferma-
trix, n is thedispersiong the momentuncompactiorfac-
tor, v the LorentzfactorandC the circumference Thefit

is performedusinggradienterrors(or otherlattice param-
eters)dg, anddeviationsin the BPM andcorrectorscaling
factorsfrom unity (Az?, Ay?):

oC g + CY Az — CY Ay (2)
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2 UNCOUPLED MODEL, LATTICE
SYMMETRY

Themeasuremerdf aresponsenatrixincludingall prepa-
ration times only takes abouthalf an hour Thereforeit
is carriedout weekly to monitor long term changef the
lattice andto regulary restorethe 12-fold symmetryof the
latticein orderto keepahighinjectionefficiency andbeam
lifetime. In the analysis,the strengthof all quadrupoles
(Fig. 1 shaws the schematicsof the lattice magnetsin
one of the twelve ALS arcs)and a global strengthof the
quadrupolecomponenbf the gradientbendscanbe deter
minedwith arelativeaccurag of aboutl-10~3. In addition
thefit yields the relative gain factorsof all correctorsand
all beampositionmonitors. So about440 parametersre
usedto fit about16,000datapoints.

The resultsare well repeatableand independentnea-
surementge.g. betafunctions, betatrontunes, momen-
tum compactionfactor and dispersion)agreewell with
the same quantitiesdeducedfrom the calibratedlattice
model[4]. Fig. 2 compareghe beta-beatingbeforeand
after a symmetrycorrection. Prior to that correctionthe
symmetryhad not beencorrectedfor about4 monthsand
dueto swappingof power supplies(whenrepairingthem
after a failure), drifts in the lattice alignmentand changes
in the orbit, the betabeatinghadincreasedo alevel where
it reducesthe lifetime at 1.5 GeV by about10-15%and
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Figure 2: Comparisorof betabeatingafter the lattice symmetryhadnot beencorrectedfor aboutfour monthsandthe
beatingtwo weeksaftera symmetryrestoration(notethedifferentverticalscales).

cutstheinjection efficiency in half. The betabeatingafter
acorrectionis small;about2%in the horizontaland3%in
the vertical plane. A breakingof the lattice symmetryon
this level doesnot have a significantinfluenceon injection
efficiency or beamlifetime.

3 COUPLED MODEL

The recentexpansionof the responsenatrix analysisto a
fully coupledanalysiswas mostly driven by two motiva-
tions. Thefirst wasto furtherrefineour modelfor calcula-
tions of the single particledynamicsin the ALS. Lateron
thisturnedoutto benotasimportantaswe expectedsince
we could confirmwith the simulationandmeasuremerdf

frequeny maps[5, 6], thatthe differencein the nonlinear
dynamicsfor a lattice modelwith randomcouplingerrors
anda modelwith fitted couplingerrorsis small,aslong as
the onewith randomerrorsis adjustedto have the correct
emittancecouplingandthe gradienterrorsaretaken from

aresponsematrix measurementThe secondmnotivationis

relatedto the upgradeof the ALS with the so called Su-
perbendgC-shapedsuperconductingh T dipoles)[7]. In

thisupgradethreenormalconductinggradientdipoleswill

be replacedwith Superbendi orderto expandthe capa-
bilities of the ALS in the hardx-ray region. With the Su-
perbendsthe ALS will becomemoresensitve to coupling.
Sincethe Superbendsvill increasethe naturalemittance,
it is plannedto operatewith a lower coupling,in orderto

keepthebrightnesseductionfor existing beamlinesmall.

3.1 Calculation Method

In orderto keepthe computatiortime neededor the cou-
pled analysisof a completeresponsamatrix using all 96
beampositionmonitorsand164 correctormagnetdn rea-

sonablelimits a new algorithmto calculatethe modelre-

sponsematrix elementswas written. In the original ap-
proachto calculatecoupledresponsenatrizes. OCO used
an externalbeamopticscode(like MAD) to find a closed
orbit for onecorrectormagnetat atime andrepeathis for

differentsettingsof all lattice parameter$o beadjustedin

the caseof the ALS with 164 correctormagnetsandabout
155 coupledlattice parameterso befitted simultaneously
thiswould requireabout25,400calculationof aclosedor-

bit (in just oneiteration). For a completeanalysisof the
ALS we needabouttwo timessix iterations.Includingthe
singularvaluedecompositior{SVD) this would sumup to

severalweeksof computatiortime.

Our approacho minimize the amountof trackingoper
ationsis to track particlesat smalltrans\erseamplitudego
determinethe transfermatricesandthencalculatethe the-
oreticalresponsematrix usingequationl. Thisrequiresto
calculatea closedorbit only oncefor every new settingof a
latticefit parametelin our casel55timesin eachiteration.
In this way, we needabouttwo daysof computationtime
for all 12 iterations. The algorithmis not fully optimized
yet, sinceit still calculatesevery transfermatrix for every
settingof thefit parameters.

To distinguish betweenthe distortions coming from
quadrupolesand the onescausedby orbit offsetsin sex-
tupolesfor eachmodelfit two orbit responsamatricesare
analyzed Oneis measuredvith all sextupolesswitchedoff
andtheotheronewith nominallatticesettings.Usingsome
carein the decisionwhich singularvaluesto useandwhich
onesto discardin the SVD it was possibleto determine
not only all gradienterrorsand horizontalorbit offsetsin
sextupoles but alsolocalizedskew errorsandverticalorbit
offsets. However, the error of the valuesfor the individual
skew strengthds difficult to determine.Qualitatively, it is
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Figure3: Comparisorof predicted(crossesandmeasured
(circles)beamsize$or a scanof onequadrupoldamily.

atleastsignificantlylargerthanthe errorin the determina-
tion of thenormalgradienterrors.

3.2 Mode Predictions and Measurements

Thebesttestto evaluatethe quality of the calibratedmodel
is to checkits predictionsagainstindependenmeasure-
ments(e.g. emittancecoupling,closestuneapproachyer-
tical dispersionbeamsize changesvhenchanginglattice
parameters)Fig. 3 shavs a comparisorof beamsizemea-
surementswith calculationsbasedon the calibratedma-
chine model during a scanof the quadrupolestrengthof
onefamily (QFA). Theagreemenis verygood.In fact,the
beamsizesit the nominalsettingsof the lattice (the center
of the plot) differ by only 3%.

In Fig. 4, measuredand calculatedhorizontaland ver
tical dispersionfunctions are compared. The qualitatve
agreements good andthe rms valuesare fairly closeto
eachother Additional testsincludedthe verificationof the
dynamicaperturecalculatedrom the calibratedmodeland
the comparisorof a simulatedfrequeny mapwith a mea-
suredone(5, 6].

4 SUMMARY

The uncoupledanalysisof orbit responsenatricesis used
asaroutinetool atthe ALS to calibratethemachinemodel
for simulations,to monitor long term drifts of the lattice
andto periodically restorethe 12-fold symmetryin order
to keepa highinjection efficiency andgoodlifetimes. The
codesusedfor this analysishave beenmodifiedin order
to reducethe computatiortime neededor a coupledanal-
ysis. This allowedthe analysisof complete fully coupled

measured and calculated (from response matrix) dispersion
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Figure 4: Comparisonof the predicted(solid lines) and
measuredcrosseshorizontalandverticaldispersiorfunc-

tion.

responsenatriceswith areasonableomputatiortime. The

resultsshaw, thatlocal couplingerrorscanbe determined
andthe predictionsof the calibrated,coupledmodelagree
well with measurementsAfter the installationof the Su-

perbendsthis methodwill be appliedto locally correctfor

couplingandverticaldispersion.
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