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Introduction

SmoothtransitiontoSuperbends�someguidingprinciples:

❏InstallallsystemsthatcanbeinstalledaheadofthemainSuperbend

shutdownearly:

➝Powersupplies(QFA,QDA),Controlsystem(Gradient,QFA,QDA)

➝New(ID)BPMs,EEBIsystem,...

❏Precommissionallnewhardwarewithbeam(anduseitifpossibleto

improveuseroperation):

➝Lastyearsstartup,...

❏Evaluateandtestacceleratorphysicsissuesbeforeactualcommissioning,in

simulationsandexperiments(with’simulated’Superbends)

➝Baselinemeasurements,...

➝Orbitstability/Vibration

➝NonlinearDynamics(Injectionefficiency/Lifetime)
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PlannedWork(aspresentedatlastreview)

❏Extendbeambasedalignmentfurther:QFAhorizontalplane(C-shaped

magnets;hysteresis;shunts)�hardwareproblem(notnecessaryforSB);

QDAs(secondsextupolefamily;superbends)�softwaretested,works

❏Tunefeedforwardforinsertiondevices�done

❏Studiesofbeamdynamicswithbrokensymmetry(simulatingeffectof

superbends)�done,expandedtooff-energy!

❏BPMsforerrantphotonbeaminterlockandorbitfeedback�mostlydone,

testedwithbeam

❏Vibrationmeasurements�done

❏Extendbendmagnetintegratedfieldmeasurements(hysteresis;SSRL+

resonantdepolarization)�done
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BaselineMeasurements

❏ConductedcompletesetofbaselinemeasurementsbeforeSuperbend

shutdown(forcomparisonduringstartupandcommissioning)

➝Hardwareproperties(e.g.powersupplyripple,scalingfactors,

powersupplytransferfunctions,rampperformance,gradient

magnettransferfunction)

➝Beamproperties(absoluteorbit,injectiontrajectories,response

matrices)

➝Derivedquantities(e.g.completelatticemodel)

➝Controlsystemperformance
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VibrationStudies

❏Extensivestudyofvibrationsinducedbycryocooler.

❏Measurementswithaccelerometersandwithbeam(mockupcryocooler

installationonnormalcenterbendingmagnet).

❏Difficultexperiments(environmentalnoise,accelerometersnotwellsuited

fordeltapulseexcitation,...).

❏Coldmassvibrationwasinitiallyjustabovetolerance(�5�m,�2�rad)�

modified.S-linkbetweencoldheadandmagnetcoldmass�improvement

bymorethanoneorderofmagnitude.

❏Studieswithbeam(IDBPMs)showednoeffectduetovibrationtransmitted

toothermagnets;Infraredbeamlinesawnoeffect,either.
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VibrationStudies(onSuperbendyoke)
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VibrationStudies(withbeam)
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NonlinearDynamics�Injection/Lifetime

WinfriedDecking(DESY);JacquesLaskar,LaurentNadolski(IMC-CNRS);

DavidRobin,ChristophSteier,YingWu(LBNL)

❏Sufficientinjectionefficiencyisnecessarytooperateanymachine.

❏InjectionefficiencyatALSisdominatedbyon-energydynamicaperture.

❏Lifetimeisacrucialperformanceparameterforalllightsources�for3rd

generationlightsourceslifetimedominatedbyTouschekeffect�Touschek

lifetimestrongfunctionofmomentumacceptance�

�������
	� ������� �� ���������� ����� ��

�Momentumacceptance�influenced/limitedbysingleparticledynamics

❏Designmomentumacceptanceforcurrentlightsources:�3%;

achieved:about�2%�Needtounderstandcurrentlimitations
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On-energyFrequencyMap–DifferentNumber
ofSuperbends

3Superbends
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❏WithdecreasingnumberofSuperbends,chaoticregionsinthediffusionmap

extendtoloweramplitudesandstableareasshrink

❏Inallcases,theremainingstableareaislargeenoughforinjection(needed

areabout8mm).
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On-energyFrequencyMap–Different
Dispersion

3Superbends,nodispersion
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3Superbends,distributeddispersion
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ALS sim. on−energy freqmap, distr. dispersion, 3 Superbends

❏Introducingdistributeddispersiontolowerthenaturalemittancedownto

about7nmreducesstableareassignificantly(strongersextupoles)

❏Theremainingstableareawith3Superbendsislargeenoughforinjection

(neededareabout8mm).
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WhatDeterminesMomentumAcceptance?
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ALS:RF-amplitudescan

1.5 GeV, nominal chromaticity, SQSD2 = 1.0 A, QDA(8) = 0 A versus 15 A
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1.5 GeV, nominal chromaticity, SQSD2 = 1.0 A, etax = 0 versus 6 cm
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❏MomentumacceptanceinALSisclearlyimpactedbydynamics

❏ReductionwiththreeSuperbendsanddistributeddispersionsmall,with1

Superbendbelow50%andprobablyaround10–20%(1.9GeV).
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TouschekScattering�Tuneshift�ParticleLoss

14.114.1214.1414.1614.1814.214.2214.2414.2614.2814.3
8

8.05

8.1

8.15

8.2

8.25

Horizontal Tune

V
e

rtica
l T

u
n

e

δ

Ax

Amplitude SpaceFrequency Space

Initial position

immediately 
after scattering

Loss region

❏Particleloosing/gainingenergy�hor.(dispersion/�-function)+long.oscillation

❏Changeinparticle’sbetatrontunedueto

◆Synchrotronoscillation(changein��,chromaticity)

◆Radiationdamping( ����and��,chromaticity,detuningwithamplitude)

◆Particlecangetintoregionsoftunespacewherethemotiongetschaoticor
resonantlyexcited
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MeasurementPrinciple
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❏Experimentallyverydifficulttoapplysimultaneoustransverseand

longitudinalkick

❏Stillpossibletolocatelossregionswhenscanningonlytransverseamplitude

whilekeepingenergyoffsetconstant
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Off-energyAcceptance–DifferentNumberof
Superbends

3Superbends
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ALS sim. off−energy freqmap, 1 Superbend

❏Lowersymmetryclearlyexcitesadditionalresonances,leadingtosmaller

stableareas(smallerdynamicmomentumacceptance)

❏However,theimpactonthelifetimeat1.9GeVispredictedtobesmall,

becausetherf-acceptanceisonlyabout2.5%,anyhow.
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ComparisonQDA-Superbend

1sectorwithQDAmagnets
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❏SimulatesymmetrybreakingusingQDAmagnetsnexttolocationof

Superbends.DoesnotsimulatesextupolecomponentofSuperbendfield.

❏Simulatedoff-energydiffusionmapslookverysimilarforcaseofone

SuperbendsectororoneQDAsector.
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ComparisonQDA-Superbend

3QDAsectors,distibuteddispersion
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3Superbends,distributeddispersion
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ALS sim. off−energy freqmap, distr. dispersion, 3 Superbends

❏Simulatedoff-energydiffusionmapslookverysimilaraswellforcaseof

distributeddispersionandeither3Superbendsectorsor3QDAsectors.
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ComparisonSimulation-Experiment

1QDAsector,nodispersion
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3QDAsectors,distributeddispersion
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❏Agreementwithsimulationsisverygood�greatconfidenceinpredictions

ofimpactofSuperbends
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Summary

❏Baselinemeasurementsweretaken,toolsforcommissiongofSuperbendsare

tested.

❏Vibrationmeasurements�improveddesignofS-link

❏Studiedon-energyandoff-energynonlineardynamicswithSuperbends,both

insimulationsandexperiments.

❏On-energydynamicspresentnoproblem(goodinjectionefficiency).

❏Off-energydynamicswillbeimpacted,dependingonlatticeandnumberof

Superbends.

❏Forrf-acceptanceof2.5%(likeatthemomentat1.9GeV),impactof3

Superbendswillbesmall(evenwithdistributeddispersion).Lifetime

reductionwith1(or2)Superbend(s)isprobablyaround10-20%and

certainlybelow50%.
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