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Abstract

A first Elliptically PolarizingUndulator (EPU) hasbeen
commissionedat the AdvancedLight Source(ALS) at
LawrenceBerkeley National Laboratory This undulator
hasa periodlengthof 5 cm andis usedmainly for mag-
netic spectroscop experimentsin a photonenepgy range
fromabout50eV upto 1.5keV. It wasdesignedo provide
four polarizationmodes:circular, elliptical, horizontaland
vertical. In additionfirst testswere carriedout to provide
linear polarizationwith arbitraryorientation(betweernver-
tical andhorizontal). The following sectionswill focuson
measurementsf the influencethe EPU hason the elec-
tron beam(e.g. betatrontunes,chromaticity coupling,or-
bit) andwhich correctionmethodshave beendevelopedto
minimizethem.

1 INTRODUCTION

The commissioningof the first EPU [1] at the ALS has
beensuccessfullicompletedduringthe lastyear This un-
dulatoris apurepermaneninagnetevice[2] with aperiod
lengthof 5 cmandalengthof 1.85m andprovidesfull po-
larization control [3] (seeFig. 1). Useroperationof the
EPU startedearlythis year
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Figure 1. Measuredinear andcircular polarizationof the
light emittedfrom the EPU.

Similar to all the otherundulatorsat the ALS the users
have completefreedomto changethe gap of the EPU to
producephotonsof differentenepgies.In additiontheusers
are allowed to shift two opposinghalves (one half of the

* This work was supportedby the U.S. Departmenif Enegy, under
ContractNo. DE-AC03-76SF00098.

Tablel: Nominalparametersf the ALS [4] andthe EPU.
Parameter Description

E Beamenegy 1.5-1.9GeV

L Undulatorlength 1.85m
AID Undulatorperiod 5cm
dmin minimumgap 14.9mm

dy full vacuumaperture 9mm

Bz hor. betafunction 12m

By vert. betafunction 4m

upperand one half of the lower poles)longitudinally for
controlof thepolarizationmode(seeFig. 2).

Figure2: Arrangemenbf the permanenimagnetblocksfor
theEPUattheALS.

In orderto make optimum useof the limited insertion
straightspaceavailableat the ALS the EPU occupiesonly
half a straightand is build into a chicanearrangement
which separatethe beamaxesfrom the two half straights
by 2.5 mrad (seeFig. 3). In orderto allow a maximum
numberof independenexperiments,polarizationswitch-
ing is performedby mechanicallychangingthe shift pa-
rameterof the undulator in contrastto the conceptused
at BESSY Il, wherepolarizationchangesare realizedby
switchingbetweerthelight comingfrom two EPUsat op-
posite polarizationsettings. To reducesystematicerrors
resulting from the polarizationswitching the EPU at the
ALS providesthe capabilityto changethe shift parameter
fairly fast. Themaximumspeeds 16.7mm/sresultingin a
changdrom left to right circularpolarizationin aboutl.6s.

2 ORBIT DISTORTIONS

Changingthe geometryand thereforethe field strength
andfield configurationof the magneticfield of the device
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Figure 3: Sketch of the magnetarrangemenin the EPU
straight.

also changeghe (residual)field integralsresultingin un-
correctedclosedorbit excursionsof several hundredum.
Thereforethe mainfocussofarwasput onrestoringarea-
sonableorbit stability (like for all otherinsertiondevices).
A feedforward algorithmwas developedusing a two di-
mensionatable (seeFig. 4). As correctionelementstwo
storageaing correctormagnetsvith verylow hysteresisand
a bandwidthof about100 Hz are used(seeFig. 3). The
high speedwith which the shift parametecanbe changed
providesmary challengego thefeedforwardsystem.
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Figure4: Two dimensionafeedforwardtableusedfor or-
bit compensationf the EPU(2 of the4 correctorausedare
plotted).

2.1 Fadt, Local Feed Forward System

A changein polarizationdirection changeghe field inte-
gralsof theEPUby aboutthesameamountaschanginghe
gapfrom fully opento fully closed.Thereforethe original
orbit feed forward systemwhich is similar to the onesat
the otherundulatorgurnedout to betoo slow. Thereason
wasthatthe shift parameters not measureavith sufficient
bandwidthandthattheactualcontrolloopincludedseveral
network connectionandcomputers.
In orderto determinewhetherthe conceptof a feedfor-

wardsystencouldbepreseredor whetherafeedbaclksys-
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Figure5: Principle sketch of the new, local feed forward
system.
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Figure6: Orbit distortionwith thefast,local feedforward
systemat 1.9 GeV, 14.9mm gapanda 12 mm/s speedof
shift parametechange.

temwould be neededthe effect of eddycurrentswasmea-
sured. Fortunately it turnedout to be very small, even at
maximumspeed.Thereforea new local feedforward sys-
tem with about200 Hz bandwidthwas designedand has
beensuccessfulicommissionedseeFig. 5).

With the new feed forward systemthe orbit distortion
outsidethestraightof the EPUis now well within thetoler
ancegseeFig. 6) of onetenthof abeamsizeThepeakhor-
izontalorbit distortionin all otherinsertiondevice straights
is below 10 um (o, is about200um) andthe peakvertical
distortionis belowv 3 pm (o is about30 um).
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A secondproblemfor the orbit stability whenchanginghe

EPUgapor shift parametearisedrom thefactthatthechi-

canemagnetshaow asignificanthysteresisThereforethey

arenotsuitedto beusedn thefeedforwardsystem.nstead
two horizontalandtwo verticalcorrectorsatthe beginning

of the arcsupstreamand downstreamfrom the EPU are
used(compareFig. 3). Becausehe EPUis locatedasym-
metrically betweerthosecorrectorsthey cannotcancelthe

orbit distortionwithin the EPU straightcompletely This

distortion can be more than 20 um in the vertical plane.
Measurementshovedthat for the experimentsconducted
atthemomenttheimpactis negligible. To solve theprob-

lem the designof new chicanemagnetshasbeenstarted.
On a shortertime scalea solution hasbeentestedto use
four insteadof two correctoran eachplane.

Improved Chicane Magnet Design

3 TUNES, BEAMSIZE

In additionto the effects on the orbit all undulatorsalso
influencethe betatrontunes, chromaticity and emittance
coupling. In the last yearthis hasbeenstudiedmore ex-
tensvely andsomeimmediateremedieshave beenimple-
mented. Recentlya tune feed forward systemhasbeen
commissionedreducingthe effect on the beamsizefor all
undulatorsbesideghe EPUto valuesbelow the resolution
of our synchrotroright monitor(aboutl%relative vertical
beamsizehange).

Again, for severalreasonghe effectsof theEPUarethe
most seriousones. The first reasonis that the shift pa-
rameteris frequentlychangedo changethe polarization.
This causesa distortionin the field integrals of aboutthe
samesize as changinganotherundulatorfrom fully open
to fully closed.In additionthe horizontalbetafunctionin
theinsertiondevice straightss about3 timesaslargeasthe
vertical one. Thereforethe horizontaltune shift from the
EPU dueto a changein shift parameteis very significant
(seeFig. 7). Finally the possiblespeedof shift parameter
changesds fairly high, makingslow correctionsusingthe
normallattice quadrupolesery difficult.

To passvely curethe problemsereral otherideashave
beentestedbnthe ALS. Themostpromisingoneis alattice
with lower vertical betafunction. In first teststhis lattice
provided a lifetime comparableor betterthanthe nominal
latticewithout requiringary increasedoupling.Firsttests
werecarriedoutandshavedthatachangeof the EPUshift
parametem thatcasedid not changethe beamsizeatall.

Independenbf the efforts to make the operationof the
EPU moretransparento the electronbeama new opera-
tion modehasbeentested.In this modethe two moveable
halvesareshiftedanti-paralleinsteadof parallel. This pro-
videslinearpolarizationof arbitraryorientation(in contrast
to thefixedhorizontalandverticallinear, elliptical andcir-
cularpolarizationonegetsin the normalmode).The com-
pensatiorof theinfluenceon the beamturnedoutto create
noadditionalproblemsandthenew modeis now alsoavail-
ableto usersof the EPU.
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Figure7: Changen tuneandbeamsizedueto longitudinal
EPUmotion(1.9GeV, 14.9mm gap,3% coupling).

4 SUMMARY

At the ALS a first Elliptically Polarizing Undulator has
been successfullycommissioned,providing synchrotron
light in the enegy rangebetweerabout50 eV and1.5keV
with full polarizationcontrol to a high resolutionspec-
troscofy beamline. In orderto correctfor orbit distor
tionsarisingwhenthe polarizationdirectionis changedin
aboutl.6s)atwo dimensionalfast,localfeedforwardsys-
temhasbeendevelopedandis now succefullyusedin user
operation reducingthe (peak)orbit excursionsbelon one
tenth of the one sigmabeamsize. Additional efforts are
underway to reducethe influenceon the tunein orderto
achieve abetterstability of the verticalbeamsize.
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