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Abstract

The beamenepy at the AdvancedLight Source(ALS)
at LawrenceBerkeley National Laboratorywas measured
with highprecisionusingresonantepolarizationln astor
agering wherethe beamlifetime is dominatedby large-
angleintrabeam(Touschek)scattering,the relative beam
polarizationcan be measuredyy relative changesin the
beamlifetime becauseof the dependencef the Mgller
scatteringrate on the polarization. In the fully Touschek-
dominatedregime, the changein lifetime at the ALS due
to a completedepolarizationis largerthan10%. The en-
ergy calibrationhasbeenusedat the ALS to performhigh
precisionmeasurementsf the machinestability, machine
reproducibilityandthe momentuncompactiorfactor

1 INTRODUCTION

Theenegy of anelectronbeamcanbecalculatedairly ac-
curatelyfrom amodelof theintegrateddipolefieldsaround
thestorageaing. However, for severalapplicationst is use-
ful to know thebeamenepgy to muchhigheraccuray. Be-
causehe precessiotirequeng of the electronspinaround
the vertical dipole fields dependsonly on the beamen-
engy, it is possibleto accuratelyfind the beamenegy by
measuringhe spin precessiorfrequeng. This is donein

several otheracceleratorsparticularly high enegy collid-

erssuchasthe Large ElectronPositron(LEP) collider, by
resonantlydepolarizinga polarizedbeam. However, this
requiresa measuremendf the beampolarizationandin-

volvesa fair amountof equipmentsetupwork andtime.

Fortunatelyfor low-to-mediumenegy light sourcedike
theALS, it is possibleto indirectly measurehangesn the
polarizationandtherebydeterminethe beamenegy. The
methodwasproposedor BESSY in Berlin andhasbeen
frequentlyusedthereto determinethe beamenengy pre-
ciselyfor metrologyapplicationd1, 2, 3].

As in high enegy machinesthe processof emissionof
synchrotronradiationnaturally polarizes— in the absence
of depolarizingesonances ary leptonbeam(thisis called
Sokolov-Ternor effect [4]). For the ALS at a beamen-
ergy of 1.9 GeV, the calculatedpolarizationtime is about
35 minutes.The ALS beamlifetime is dominatecby large-
angleintrabeam(Touschek)scattering. The crosssection
for this scatteringorocesss lower for electronswith paral-
lel spinsthanfor antiparallelspins. Therefore a polarized
beamwill have fewer scatteringeventsand a longer life-
time thananunpolarizedoeam.Thuswe canusethebeam
lifetime, or equivalently a monitor of lost electrons,asa
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Tablel: Nominal ALS parameters.
Parameter Description

E Beamenegy 1.5-1.9GeV
C Circumference 196.8m
fry RFfrequeny 499.654MHz

h Harmonicnumber 328

«@ momentunmcompaction  1.61- 103

I beamcurrent 200-400mA

measurdor changesn thepolarization.The predictedrel-
ative lifetime changeslependon several machineparam-
eters[5], especiallythe (dynamic)momentumacceptance.
For typical ALS conditionsone expectsa relative change
of 10-20%which hasbeenexperimentallyconfirmed.

2 SPIN DYNAMICSAND
DEPOLARIZATION

In aflat ring only the vertical componenbf the polariza-
tion is presered. Every spinvectorprecessearoundthis
directionaccordingto the Thomas-BMTequation(electri-
calfieldsareneglectedhere):
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where« is the relatwvistic Lorentz factor a is the gyro-

magneticanomaly (¢ = 1.159652 - 10~3 for electrons
and1.792846 for protons),m. is the electronmass,c the
speedof light and By, B, arethe magneticfields paral-
lel andperpendiculato the motion of theelectron respec-
tively. Thereforethe precessiorfrequeng in storagerings
to first approximatioronly depend®n the particleenegy:

Q:sp = va, where@,, is thespintune.

Due to an asymmetryin the spin-flip probabilitiesfor
the emissionof a synchrotronradiationphotonin a mag-
neticdipolefield, leptonbeamgendto becomepolarizedif
depolarizingeffects[6] aresufficiently weak

P:A(1—e‘ﬁ), )
P is the polarization, 4 its equilibrium value and 01 is
givenby
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where),. is the Comptonwavelength. theclassicaklec-
tron radiusandp the magnetidbendingradius.
Depolarizingresonancearisefrom resonantouplingof
the spin precessiono periodic horizontalmagneticfields.
They can be divided into two main cateyories: intrin-
sic resonanceslue to the vertical betatronoscillationsin



guadrupolesand imperfectionresonanceslue to vertical
closedorbit distortionscausedby magnetand alignment
errors.

Fortunately for third generation synchrotron light
sourceslikethe ALS, bothresonancéypesareveryweak,
becauseof small alignmenterrors,excellentorbit correc-
tion andavery smallverticalemittance Calculationsshov
that for the parameter®f the ALS the equilibrium polar
ization resultingfrom the polarizationbuild-up anddepo-
larizing effectsis closeto the possiblemaximumvalue of
92.4%,unlessthe beamenegy is choserto be extremely
closeto anintegeror first orderintrinsic resonance.

To depolarizethe beamfor theenegy measuremerdne
excitesa parametriadepolarizatiorresonanceisinga hori-
zontalrf magneticfield with afrequeny equalto the frac-
tional spintune. Usingthis techniquehe beamin the ALS
canbedepolarizedccompletelywithin afew seconds.

3 EXPERIMENTAL TECHNIQUE

To generateghe time-varying horizontalmagneticfield we
usea vertical stripline kicker normally usedto excite ver
tical betatronoscillationsfor tunemeasurementsr bunch
purificationin singlebunchoperation.We drive the kicker
using a continuouslyswept excitation from the tracking
generatoiof a spectrumanalyzer(via a 150 W amplifier).
We measurdhe beamlifetime from the rate of changeof
a DCCT (direct currentcurrenttransformer)or we usea
beamlossmonitorto measureelative changesn lossrate.
The beamloss monitor consistsof a scintillating material
connectedo a photomultiplierandis locatedoutsidethe
vacuumchambejjust downstreanof a small-gapinsertion
device. The countsare integratedover one second. The
small-gapchambelis the minimumverticalaperturen the
ring andprimarylocationwhereelectronsarelost.

An exampleof thevariationof lifetime with polarization
is shawvn in Figurel. Over the courseof a 25 minute pe-
riod the beamwasexcited at the spinfrequeng. Thetime
of two partial depolarizationgs evidentin both the life-
time andthe countrate. As the lifetime decreaseslightly,
the countrateincreasesTheslow lifetime increaseduring
the completemeasurementesultsfrom the slowly decay-
ing current. Becauseof the highersensitvity of thebeam
lossmonitorandthe fastertime responsewe usedit asthe
primary monitorfor changesn thelifetime.

In Figure2 thenormalizedcountratefrom thebeamloss
monitorsis shovn asthe excitation is sweptthroughthe

spin resonancet upperand lower sidebandfrequencies.

In the limit of the Touschek-dominatetifetime, the nor-
malizedloss rate should be a constant,barring polariza-
tion effects. As onecanseethe measuremerdagreeswell
with this expectation.The normalizedossrateis constant
during mostof the frequengy sweepand only risesonce,
exactly whenthe excitation frequeng coincideswith the
spin precessiorfrequeny andthe beamgetsdepolarized.
The measuremenivas carriedout on both, the upperand
the lower sidebandn orderto quantify the systematicer-
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Figurel: Beamlifetime derivedfrom currentmonitorand
countratefrom beamlossdetectoishaving two partialspin
depolarization®vera 25 minuteperiod.

ror arisingfrom thefixed sweepdirectionof theexcitation.
Systematieerrorswould shift the measureenegy in both
casesdnto differentdirections. Our resultwasthat the dif-
ferenceis verysmall,of theorderof 1-10~5 whichis about
the samesizeasothererrorsof our measurement.
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Figure 2: Normalizedloss detectorrate during excitation
sweepof spin resonancesa) Sweepthroughupperside-
bandandb) lower sideband.

4 APPLICATIONS

Oneof the usefulapplicationsof the enegy measurement
is the precisedeterminatiorof the lattice momentuncom-
pactionfactora, definedby AE—E = -2 %, wheref, ¢ is
theRFfrequeng. Themomentuncompactiorfactoris no-
toriously difficult to measuretherthanwith a directbeam
enegy measurement.Shown in Figure 3 is a measure-
mentof the beamenegy for several RF frequencies.The
momentumcompactiorfactorcanbe determinedrom the
slope.Wewereableto measuréghemomentuncompaction
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Figure3: Measuremenof the beamenepy variationwith
RF frequeng. The slopeis the inverseof the momentum
compactiorfactor

factorto (1.628 & 0.004) - 10~3 with arelative accurag of
about0.2%. Themeasuredalueis in goodagreementvith
calculationshasedon the calibratedmachinemodelof the
ALS [7] whichyield (1.616 & 0.008) - 10~3. Currentlywe
areworking to expandthe measuremenio determinethe
nonlinearmomentuncompactiorfactoras.

Anotherapplicationof interestis to measurehe stabil-
ity of the enegy overtime. Shown in Figure4 is therela-
tive beamenengy variationmeasuredvery half hour over
an 8 hour periodduring useroperation.Becausehis pro-
cesswasautomatedsomemeasurementwereinvalid be-
causethey were madeduring eitherthe injection process,
enegy ramping,or duringinsertiondevice movementand
have beentakenout of the plot. During this particularmea-
surementfwo injectionsandenegy rampsoccurred.The
measuremenshav anenegy variationof lessthan1-10~4
over an eight hour period. Repeatedneasurementever
a week have confirmed,that the typical enegy variations
overthattime periodareof the samesize. This is remark-
able,sinceno feedbacks usedto correctthe rf-frequeng.
Reasorfor variationsof this orderare mostly thermal(air
and watertemperaturest the ALS are constantto a few
tenthsof adegree)andtidal effects.

In anothemeasuremergeriesve testedour magnetal-
ibrationby measuringhe absolutebeameneny for differ-
entenegy setpoints.Next yearthe dipole magnetsn the
ALS will becomedecoupledwith thereplacementf three
normalconductingbendingmagnetswith so calledSuper
bends(C-shapedsuperconducting5 T dipoles)in order
to expandthe capabilitiesof the ALS in the hardx-ray re-
gion[8]. Thiswill requireabetterknowledgeof therelative
magneticfield of both bendmagnettypes. In additionthe
reproducibility of the dipole magnetswill be a moreim-
portantfactor sincemismatchedetweerthebendfamilies
would generatdarge horizontalorbit distortions.Ourmea-
surementshonvedthatthe calibrationof the mainbending
magnetds known with sufficientaccurag andthatthere-
producibility is good enoughfor the requirementof Su-
perbendoperation.
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Figure4: Stability of the beamenegy over an 8 hour pe-
riod. Two beaminjectionsandenegy rampsoccurreddur-
ing thistime.

5 CONCLUSIONS

We have measuredhe ALS beamenegy with a relative
precisionof 1 - 10~% using resonantispin depolarization.
The spin depolarizationwas indirectly obsened by the
changen TouschelMifetime becaus®f the spin-dependent
scatteringate of the electrons.Becauseahe beamlifetime
at most lower enegy synchrotronlight sourcesis domi-
natedby Touschekscattering,this should be a relatively
simple techniqueto measureintegral machinequantities
like the momentumcompactionfactor and monitor ma-
chine stability, aslong asthe polarizationtime is smaller
thanthebeamlifetime.
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