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Abstract

The beamenergy at the AdvancedLight Source(ALS)
at LawrenceBerkeley NationalLaboratorywasmeasured
with highprecisionusingresonantdepolarization.In astor-
agering wherethe beamlifetime is dominatedby large-
angle intrabeam(Touschek)scattering,the relative beam
polarizationcan be measuredby relative changesin the
beamlifetime becauseof the dependenceof the Møller
scatteringrateon the polarization. In the fully Touschek-
dominatedregime, the changein lifetime at the ALS due
to a completedepolarizationis larger than10%. The en-
ergy calibrationhasbeenusedat theALS to performhigh
precisionmeasurementsof the machinestability, machine
reproducibilityandthemomentumcompactionfactor.

1 INTRODUCTION

Theenergy of anelectronbeamcanbecalculatedfairly ac-
curatelyfrom amodelof theintegrateddipolefieldsaround
thestoragering. However, for severalapplicationsit is use-
ful to know thebeamenergy to muchhigheraccuracy. Be-
causetheprecessionfrequency of theelectronspinaround
the vertical dipole fields dependsonly on the beamen-
ergy, it is possibleto accuratelyfind the beamenergy by
measuringthe spin precessionfrequency. This is donein
several otheraccelerators,particularlyhigh energy collid-
erssuchastheLargeElectronPositron(LEP) collider, by
resonantlydepolarizinga polarizedbeam. However, this
requiresa measurementof the beampolarizationand in-
volvesa fair amountof equipment,setupwork andtime.

Fortunately, for low-to-mediumenergy light sourceslike
theALS, it is possibleto indirectlymeasurechangesin the
polarizationandtherebydeterminethe beamenergy. The
methodwasproposedfor BESSYI in Berlin andhasbeen
frequentlyusedthereto determinethe beamenergy pre-
ciselyfor metrologyapplications[1, 2, 3].

As in high energy machines,theprocessof emissionof
synchrotronradiationnaturallypolarizes– in the absence
of depolarizingresonances– any leptonbeam(this is called
Sokolov-Ternov effect [4]). For the ALS at a beamen-
ergy of 1.9 GeV, the calculatedpolarizationtime is about
35minutes.TheALS beamlifetime is dominatedby large-
angleintrabeam(Touschek)scattering.The crosssection
for thisscatteringprocessis lower for electronswith paral-
lel spinsthanfor antiparallelspins.Therefore,a polarized
beamwill have fewer scatteringeventsanda longer life-
time thananunpolarizedbeam.Thuswe canusethebeam
lifetime, or equivalently a monitor of lost electrons,asa�
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Table1: NominalALS parameters.
Parameter Description�

Beamenergy 1.5–1.9GeV�
Circumference 196.8m� � �
RFfrequency 499.654MHz	
Harmonicnumber 328
 momentumcompaction � �  ��� � � ����
beamcurrent 200-400mA

measurefor changesin thepolarization.Thepredictedrel-
ative lifetime changesdependon several machineparam-
eters[5], especiallythe(dynamic)momentumacceptance.
For typical ALS conditionsoneexpectsa relative change
of 10-20%which hasbeenexperimentallyconfirmed.

2 SPIN DYNAMICS AND
DEPOLARIZATION

In a flat ring only the vertical componentof the polariza-
tion is preserved. Every spin vectorprecessesaroundthis
directionaccordingto theThomas-BMTequation(electri-
cal fieldsareneglectedhere):����� ������ �"!"# $ % �'&)( * �+-, & % �'& # ( * �+/.10 23���4 (1)

where # is the relativistic Lorentz factor, ( is the gyro-
magneticanomaly( (5�6� � � 7 8  7 9:��� � ��� for electrons
and � � ; 8 9 < =  for protons),� � is the electronmass,! the
speedof light and

+ , 4 +/.
are the magneticfields paral-

lel andperpendicularto themotionof theelectron,respec-
tively. Thereforetheprecessionfrequency in storagerings
to first approximationonly dependson theparticleenergy:>/? @ � # ( , where

>/? @
is thespintune.

Due to an asymmetryin the spin-flip probabilitiesfor
the emissionof a synchrotronradiationphotonin a mag-
neticdipolefield, leptonbeamstendto becomepolarizedif
depolarizingeffects[6] aresufficiently weakA �CB $ �ED � �GFH I J K 0 4 (2)A

is the polarization, B its equilibrium valueand L M N O is
givenby �L M N O � 7 P Q< ! R"S T �9 U #�VW � 4 (3)

whereR"S is theComptonwavelength,T � theclassicalelec-
tron radiusand W themagneticbendingradius.

Depolarizingresonancesarisefrom resonantcouplingof
the spin precessionto periodichorizontalmagneticfields.
They can be divided into two main categories: intrin-
sic resonancesdue to the vertical betatronoscillationsin



quadrupolesand imperfectionresonancesdue to vertical
closedX orbit distortionscausedby magnetand alignment
errors.

Fortunately for third generation synchrotron light
sources,like theALS, bothresonancetypesareveryweak,
becauseof small alignmenterrors,excellentorbit correc-
tion andaverysmallverticalemittance.Calculationsshow
that for the parametersof the ALS the equilibrium polar-
ization resultingfrom the polarizationbuild-up anddepo-
larizing effectsis closeto thepossiblemaximumvalueof
92.4%,unlessthe beamenergy is chosento be extremely
closeto anintegeror first orderintrinsic resonance.

To depolarizethebeamfor theenergy measurementone
excitesaparametricdepolarizationresonanceusingahori-
zontalrf magneticfield with a frequency equalto thefrac-
tional spintune.Usingthis techniquethebeamin theALS
canbedepolarizedcompletelywithin a few seconds.

3 EXPERIMENTAL TECHNIQUE

To generatethe time-varyinghorizontalmagneticfield we
usea vertical striplinekicker normallyusedto excite ver-
tical betatronoscillationsfor tunemeasurementsor bunch
purificationin singlebunchoperation.We drive thekicker
using a continuouslyswept excitation from the tracking
generatorof a spectrumanalyzer(via a 150W amplifier).
We measurethe beamlifetime from the rateof changeof
a DCCT (direct currentcurrenttransformer)or we usea
beamlossmonitorto measurerelativechangesin lossrate.
The beamlossmonitor consistsof a scintillating material
connectedto a photomultiplierand is locatedoutsidethe
vacuumchamberjust downstreamof a small-gapinsertion
device. The countsare integratedover one second. The
small-gapchamberis theminimumverticalaperturein the
ring andprimarylocationwhereelectronsarelost.

An exampleof thevariationof lifetime with polarization
is shown in Figure1. Over the courseof a 25 minutepe-
riod thebeamwasexcitedat thespinfrequency. Thetime
of two partial depolarizationsis evident in both the life-
time andthecountrate.As the lifetime decreasesslightly,
thecountrateincreases.Theslow lifetime increaseduring
the completemeasurementresultsfrom the slowly decay-
ing current. Becauseof the highersensitivity of thebeam
lossmonitorandthefastertime response,weusedit asthe
primarymonitorfor changesin thelifetime.

In Figure2 thenormalizedcountratefrom thebeamloss
monitors is shown as the excitation is sweptthroughthe
spin resonanceat upperand lower sidebandfrequencies.
In the limit of the Touschek-dominatedlifetime, the nor-
malized loss rate shouldbe a constant,barring polariza-
tion effects. As onecanseethe measurementagreeswell
with this expectation.Thenormalizedlossrateis constant
during mostof the frequency sweepandonly risesonce,
exactly when the excitation frequency coincideswith the
spin precessionfrequency andthe beamgetsdepolarized.
The measurementwascarriedout on both, the upperand
the lower sidebandin orderto quantify the systematicer-
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Figure1: Beamlifetime derivedfrom currentmonitorand
countratefrom beamlossdetectorshowing two partialspin
depolarizationsovera 25 minuteperiod.

ror arisingfrom thefixedsweepdirectionof theexcitation.
Systematicerrorswould shift themeasuredenergy in both
casesinto differentdirections.Our resultwasthat thedif-
ferenceis verysmall,of theorderof � � � � ��� whichis about
thesamesizeasothererrorsof our measurement.
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Figure2: Normalizedlossdetectorrateduring excitation
sweepof spin resonances.a) Sweepthroughupperside-
bandandb) lowersideband.

4 APPLICATIONS

Oneof the usefulapplicationsof theenergy measurement
is theprecisedeterminationof thelatticemomentumcom-
pactionfactor ö , definedby ÷1øøúùüû ýþ�ÿ�� � �� � � , where� � � is
theRFfrequency. Themomentumcompactionfactoris no-
toriouslydifficult to measureotherthanwith a directbeam
energy measurement.Shown in Figure 3 is a measure-
mentof the beamenergy for severalRF frequencies.The
momentumcompactionfactorcanbedeterminedfrom the
slope.Wewereabletomeasurethemomentumcompaction



� �
� �
� 	


�
�


∆

�� �� �
��� �

� � � � 
 � �
∆ � � � � � � � � � �  ! "

α # $ % & ' ( ) * % * * + , $ * - .

Figure3: Measurementof thebeamenergy variationwith
RF frequency. The slopeis the inverseof the momentum
compactionfactor.

factorto / 0 1 2 3 46587 1 7 7 9 : ; 0 7 <>= with arelativeaccuracy of
about0.2%.Themeasuredvalueis in goodagreementwith
calculationsbasedon thecalibratedmachinemodelof the
ALS [7] whichyield / 0 1 2 0 2?587 1 7 7 4 : ; 0 7 <>= . Currentlywe
areworking to expandthe measurementto determinethe
nonlinearmomentumcompactionfactor @�A .

Anotherapplicationof interestis to measurethe stabil-
ity of theenergy over time. Shown in Figure4 is therela-
tive beamenergy variationmeasuredevery half hour over
an 8 hourperiodduringuseroperation.Becausethis pro-
cesswasautomated,somemeasurementswereinvalid be-
causethey weremadeduring eitherthe injection process,
energy ramping,or during insertiondevice movementand
havebeentakenoutof theplot. Duringthisparticularmea-
surement,two injectionsandenergy rampsoccurred.The
measurementsshow anenergyvariationof lessthan 0 ; 0 7 <CB
over an eight hour period. Repeatedmeasurementsover
a weekhave confirmed,that the typical energy variations
over that time periodareof thesamesize.This is remark-
able,sinceno feedbackis usedto correcttherf-frequency.
Reasonfor variationsof this orderaremostly thermal(air
andwater temperaturesat the ALS areconstantto a few
tenthsof a degree)andtidal effects.

In anothermeasurementserieswetestedourmagnetcal-
ibrationby measuringtheabsolutebeamenergy for differ-
ent energy setpoints.Next yearthe dipole magnetsin the
ALS will becomedecoupledwith thereplacementof three
normalconductingbendingmagnetswith socalledSuper-
bends(C-shaped,superconducting,5 T dipoles) in order
to expandthecapabilitiesof theALS in thehardx-ray re-
gion[8]. Thiswill requireabetterknowledgeof therelative
magneticfield of bothbendmagnettypes. In additionthe
reproducibility of the dipole magnetswill be a more im-
portantfactor, sincemismatchesbetweenthebendfamilies
wouldgeneratelargehorizontalorbit distortions.Ourmea-
surementsshowedthat thecalibrationof themainbending
magnetsis known with sufficient accuracy andthat there-
producibility is goodenoughfor the requirementsof Su-
perbendoperation.
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Figure4: Stability of the beamenergy over an 8 hourpe-
riod. Two beaminjectionsandenergy rampsoccurreddur-
ing this time.

5 CONCLUSIONS

We have measuredthe ALS beamenergy with a relative
precisionof 0a;b0 7 <>c using resonantspin depolarization.
The spin depolarizationwas indirectly observed by the
changein Touscheklifetime becauseof thespin-dependent
scatteringrateof theelectrons.Becausethebeamlifetime
at most lower energy synchrotronlight sourcesis domi-
natedby Touschekscattering,this shouldbe a relatively
simple techniqueto measureintegral machinequantities
like the momentumcompactionfactor and monitor ma-
chinestability, as long asthe polarizationtime is smaller
thanthebeamlifetime.
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