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The opportunityto see the first experimentalresultsfromALS beamlinesattracteda recordnumber of personstothe
AdvancedLightSourceUsers'AssociationAnnualMeetingheld at LawrenceBerkeleyLaboratory(LBL) on October21
and22, 1993. Formostof the 220 attendees,thiswasthe firstchanceto see theALS inoperationandviewthe initial
set of beamlineson theexperimentalfloor.The meetingprogramfocusedon the scientificopportunitiesofferedbythe
ALS'abilityto producethe world'sbrightestbeamsof ultravioletandsoft x-raysynchrotronradiation.A specialhigh-
lightwasthe chanceto participateintheALS DedicationCeremonyheldon October22.

The programwas organizedbythe chairof the ALS Users'ExecutiveCommittee,Dave Ederer ('l'ulaneUniversity),
and beganwitha welcomebyLBLDirectorCharlesV. Shank.Shankencouragedeveryoneto joinLBLinthe chal-
lengeof creatinga world-classscientificprogramatthe ALSthat wouldfullyexploititscapabilities.

FollowingShank'sremarks,ALS DirectorBrianM. Kincaidgave anaccountof the facility'sprogressduringthe past
year andoutlinedplansfor the firstyear of operations.After a highlysuccessfulacceleratorcommissioningruninthe
spring,theALS focuseditseffortson installingthe beamlinesand instrumentationfor the first phaseof operations.
Kincaidreportedthat threeof the initialset of five beamlineswere alreadyoperational:the x-raymicroprobebending-
magnetbeamline,an undulatorbeamline,andthe diagnosticbeamline.He concludedbythankingeveryoneinvolved
fortheircontributionsto the remarkablesuccessof theALS.

Dave Shirley(PennsylvaniaState University),whowas LBL'sdirectorwhen theALS wasconceived,notedwith
satisfactionthat thecompletionof the facilitybroughtthe scientificcommunityto the thresholdof a dramaticnew
opportunity.He emphasizedthe importanceof developingexperimentalapparatus,particularlyhigh-performance
detectors,thatcan take full advantageof the qualitiesof theALS light.

WilliamOosterhuisof the Officeof BasicEnergyServicesat the U.S. Departmentof Energyprovidedan overviewof
the fundingclimateforexperimentalfacilitiesand for researchat synchrotron-radiationfacilities.

NevilleSmith(AT&T BellLaboratories)discussedhis roleas head of the ALS ProgramReviewPanel.The Panel,
whosemembershipprovidesa balancedrepresentationof the majorscientificandengineeringdisciplinescoveredby
theALS,givesadviceon the dispositionof proposalsfor thedevelopmentand use ofALS experimentalfacilities.To
illustratehowthe committeeworks,Smithdescribedthe processbywhichthe panelevaluatedthe initialbeamline
proposals.

The lastspeakerof the morningwas Glen Dahlbackafrom LBL'sTechnologyTransferDepartmentwhospokeabout
industrialopportunitiesat theALS. He discussedtwo proposalscurrentlyunderconsiderationof interestto industry:an
x-raycrystallographybeamlineanda microfabricationfacility.The crystallographybeamlinewouldformthe heartof a
user facilityfor proteinstudyto assistindustryinthe areas of rationalpharmaceuticaldesignanddevelopmentof new
commercialcatalysts.The proposedmicrofabricationfacilitywouldusedeep x-raylithographyforthe productionof
micromachinessuchas precisiongearsfor watches,accelerometersfor usein automobileairbags,and miniature
instrumentsfor microsurgery.

HowardPadmore,ALS ExperimentalSystemsGroupLeader,talked aboutthe firstexperimentalresultsfromthe
operationalbeamlinesalongwithplansfor futurebeamlines.He showedan imageof the beam taken fromthe CCD
detectorat theend of the diagnosticbeamlineand a spectrumobtainedwiththe transmissiongratingspectrometer
beingusedto measurethe lightfromthe recentlyoperational5-cm-periodundulator.Padmorediscussedinitialplans
foran 8-cm-periodundulatorbranchlinefor chemicaldynamicsstudiesand a crystallographybeamlinefor industrial
users.

Fred Schlachter,ALS User LiaisonGroup Leader,describedthe effortsof the ALS to developnewresearch opportuni-
tiesandto providean efficientworkingenvironmentfor users.To completethe overviewof userissues,Georgeanna
Perdue, actingALS EH&S ProgramManager,gavea short talkdescribingher role in makingtheALS a safety-con-
sciousfacilityandoutliningthe trainingrequirementsforALS users.



Richard White (Universityof Californiaat Berkeley)spoke onthe researchbeingdone by the BerkeleySensorand
ActuatorCenter (BSAC)to developa scienceandengineeringbase formicrosensors,microactuators,mechanical
microstructures,andmicrodynamicsystems.Whitepointedout thatthe abilityto make muchthickermicromachines
byusingthe lightof theALS offersmanyadvantagessuchas an increaseinvolumewhichprovidesmoremassand
strength,and the possibilityof usingalternativematerialsand fabricationmethods,e.g., castpolymersfor non-planar
shapes.

AlbertThompson(LBLCenterfor X-Ray Optics)finishedthe day'sprogramwithan excitingreportaboutthe results
fromthex-ray fluorescencemicroprobe,the firstbeamlineat theALS.Thompsonpointedout a few of the many
advantagesof the microprobe,such as smallspotsize (1 l_mby1 I_m)and femtogramelementalsensitivity.The talk
includedseveralexamplesof howthe microprobewillbe usedfor researchinmaterialssciences.Amongthesewere
investigatinghowtraceelementsare distributedinceramics,mappingthe compositionof fluidinclusionsinquartz
samplesfor geologicalstudies,and elementalanalysisofancientdocuments.

That evening,the conferencebanquetfeatureda specialtalk byAlbertV. Baez on theearly daysof x-rayoptics.In
1948, Kirkpatrickand Baez devisedan imagingsystemto eliminatethe astigmatismof a singlemirrorusedat glanc-
ingincidence.The mirrorschemeturnedout to be very usefulinmanyx-rayopticsapplications.In fact, manymodern
beamlinesincludingthe microproLeanddiagnosticALS beamlinesemployconfigurationsthat are similarto the
_irkpatrick-Baezscheme.

The secondday beganwitha sessiondevotedto spectroscopyinthe softx-rayspectralregionservedbytheALS.
GerhardMaterlik(HASYLAB)describedexperimentsusingx-raystandingwavesinthe soft x-rayregion.In the
experiments,onecan mapthe locationsof surfacespeciesfromthe proberesponseas the positionsof the standing-
wave maximaandminimaare varied. Materliknotedseveraladvantagesof usingsoftx rays,includingaccessibilityof
atomswithlowatomicnumbersand the possibilityof usingseveralprobesin additionto the conventionalfluores-
cence.

G0nter Kaindl(Freie UniversitStBerlin)presentedan overviewof high-resolutionspectroscopyexperimentsusingthe
SX-700 II plane-gratingmonochromator,whichhas demonstrateda resolvingpowerof upto 16,000 at a photon
energyof 65 eV. JosephNordgren(UppsalaUniversity)endedthe morningsessionwitha discussionof soft x-ray
emissionspectroscopy.In providinginformationaboutunfilledstates,softx-ray emissionprovidesinformationcomple-
mentaryto thatfrom photoabsorptionand photoemission.

The morningsessionendedearly so that the attendeescouldjoinLBLemployeesandguestsatthe ALS Dedication
CeremonyoutsidetheALS building.Key speakersat the festiveevent includedCharles V. Shank,directorof LBL;
DavidShirley,seniorvicepresidentfor research anddean of the graduateschoolat PennState;Gayle Wilson,wife of
CaliforniaGovernorPete Wilson;Martha Krebs,associatedirectorof LBL;HermannGrunder,directorof the Continu-
ous ElectronBeamAcceleratorFacility;DonaldPearman,Jr., managerof DOE'sSan FranciscoOperationsOffice,
and BrianM. Kincaid,ALS director.

The conferenceresumedas PaoloCarra (ESRF) beganthe afternoontalkswitha discussionof the theoretical
aspectsof magneticcirculardichroism(MCD) and lineardichroism.StevenCramer (Universityof Californiaat Davis)
describedbiologicalapplicationsof soft x-rayandMCD spectroscopy.He notedthe ellipticalwigglerbeingdesigned
and constructedby theALS couldincreasebya few ordersof magnitudethe flux of polarizedlightrelativeto thatfrom
bendmagnetbeamlines.

The finalspeaker,YuanT. Lee (Universityof Californiaat Berkeley),discussedplansfor a chemicaldynamics8-cm-
periodundulatorbranchlinefor research on primaryphotodissociationand photoionizationprocesses.The branchline
has twoprimaryendstations,one usingwhite undulatorlightandthe other usingmonochromatizedradiation.The
experimentalendstationswillbe a complexsystemusingpump-and-probetechniqueswithhighpower lasers and
crossedmolecularbeams. Lee describedthe projectas a nationaluserfacilityfor thestudyof fundamentalchemical
processesB especiallycombustion,radicals,and excitedstates.

Dave Ederer, chairof the Users'ExecutiveCommittee,endedthe meetingby thankingeveryonefor their participation
andencouragingthe usersto take an activerole increatingan excitingand innovativescientificprogramat the ALS.



I am delightedto be here, and wouldliketo welcomeyouto LawrenceBerkeleyLaboratoryandthe AnnualMeeting
of theAdvancedLightSource(ALS) Users'Association.Todayis a day I thinkwillbe of great historicalimportance
forLBL. It marksthe beginningof ourcelebrationof a great success;a successfor the Laboratory,a successfor the
Departmentof Energy,and a successforourpartnership.

We takegreat pleasureinthe fact thattheALS projectwas completedontime andwithinbudget.Andto me, this is
justthe beginning.We now face the challengeof creatinga greatscientificprogramto matchthe uniquecapabilities
of the ALS,whilerealizingthisdependson ourmakingita first-rateuser facility.That is why I ask you, representa-
tivesof the usercommunity,to help usto improvetheway we runandoperatetheALS. It is new for us,and we
valueyoursuggestions.

I believethesecretto makingthis thegrandsuccessthat itwillbe is to leverageon whatwe have doneinthe
creation,construction,andoperationof thisproject.Togo on andmake this, inadditionto a machinethat runs,one
that deliversworld-classscience.

There are manypeopleinthe audiencethat we willbe recognizingat theALS Dedicationtomorrowfortheirmarvel-
ouscontributionsto thisproject;fromtheir insightinthe beginningto buildthe machine,throughitsconstruction,
andto bringit to where itis today.I'mgoingto wait untiltomorrow'sceremonyto go intothat in a great dealof
detail,but Iwant to congratulateall of you formakingthisa great day forscienceat LBL.



My presentationwill givea briefsummaryof th,_ALS' progressduringthe pastyear,with particularattentionto the
remarkableaccomplishmentsof the pastfew months.

I willstart by remindingeveryonewhy we builttheALS.The ALSwas designedto movetheevolutionof synchrotron
radiationforward.Earlier-generationmachinesstartedwithbendingmagnets,whichproducea broadbandspectrum.
Thesewere circularmachines,as shownon the left in Figure1. Third-generationsynchrotronslike theALS are
designedto have severallong,straightsectionsfor insertiondevicessuchas undulators,makingthemmore likethe
polygon-shapedstructure.The radiationspectrumthatcomesfroman undulator,ratherthan beinga broadband
spectrum,is a tunable,partiallycoherentspectralpeak. Producingthiskindof lightis the majorpurposeof theALS.

(a) Yesterday's (b) Today's
Synchrotrons Circular synchrotrons

electron

_m2tio n Photons
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Figure 1. Earlier-generation synchrotron-radiation facilities (/eft) compared with third-generation facilities like the
ALS. Straight sections in the newer facilities accommodate undulators, which produce partially coherent, tunable
radiation.



The developmentof anundulatorcapableof deliveringvacuum-ultraviolet(VUV) lightand x-rayradiation
was hamperedbefore1979 becauseit was believedsuchan undulatorwouldhave to incorporatea
complexmagneticstructurebasedon electromagnets.The creativeinsightof KlausHalbachof LBL
changedthissituationdramatically.Halbachshowedthat,in placeof electromagnets,strongpermanent
magnetsmade fromrare-earthelementsandcobaltcouldbe arrangedin simplearraysto construct
alternating-fielddevices.Such deviceshavethe propertythatthe fieldstrengthin thegap betweenthe
polesremainsconstantas the lineardimensionsare reducedinscale.Hence short-periodpermanent-
magnetinsertiondevicescan be made(allowingmoreelectron-beamoscillationsina givenlength),
whereasdevicesbasedon electromagnetsquicklyrunintocoilheatingproblemsasthey are scaled
down.All third-generationmachinesinthe worldincludingthe ALS,APS, and ESRF are basedon this
permanentmagnetconcept.

Synchrotronradiationproducedbythe ALS hascertainpropertiesthat,individuallyorcombined,allow
researchersto performexperimentsnototherwisepossible.Of these,the mostprizedcharacteristicis
highbrightness;meaningthelight hasa highphotonflux per unitsourcearea and per unitsolidangleinto
whichthesourceradiates.The spectralbrightnessof the lightfromthird-generationmachinesis 2 to 4
ordersof magnitudegreaterthan existingfacilities,whichmeansthat manyexperimentsthatdependon
highbrightnesswillnowbe possibleforthe firsttime.

AnotheradvantageofALS undulatorlightis thata significantfractionof the long-wavelengthradiationis
spatiallycoherent.The criterionforspatialcoherenceisthat the productof the area of the lightsource
and the solidangleintowhichit emitsmustbe no largerthan the squareof thewavelengthof the light.
Althoughnotas coherentasthe visiblelightfrommostlasers,undulatorradiationhas muchmorecoher-
ence thanever beforeavailableintheVUV andsoftx-rayregionsof the spectrum.One generalvirtue of
coherentradiationis the abilityto focus.Forexample,a Fresnelzoneplatecan focusa coherentbeam of
soft x raysto a spotwitha radiusapproximately1.2 timesthe widthof the outermostzone (Figule 2). With
state-of-the-artmicrofabricationtechniques,suchas electron-beamholography,it ispossibleto make
zone plateswithouter-zonewidthsof about300 A. This capabilitycan be exploitedinscanningor imag-
ingsystemsto generatespatiallyresolvedinformationwithcomparableresolution.Rightnowthe finest
sourceof high-resolutionzoneplatesis hereat LBL'sCenter forX-Ray Opticsled by DaveAttwood.
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Figure2. Fresnelzoneplatelensfordiffractivefocusingof x rays.
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Youcansee the progression.We built the ALS becauseit usesundulators,has highblightness, and has
tremendousscientificopportunitiesfor finelyfocusedbeams.Asa result,even beforewe openedour
doorsforbusinesswe hadten differentusergroupsplanningto buildmicroscopesfor useat theALS,
withmanymoreexpectedinthe future(Figure3).

Beamline Photon Source Type of Microscope Application

6.0 U3.9 Undulator Scanning(2) Biologicaland MaterialsSciences

6.1 BendMagnet Zone Plate Imaging Biologicaland MaterialsSciences

7.0 U5 Undulator PhotoemissionImaging Surface andMaterialsSciences

Zone PlateScanning Surfaces,MaterialsSciences,and
(fluorescence) Polymers

Zone PlateScanning SurfaceandMaterialsSciences
(photoemission)

8.0 U5 Undulator Zone PlateScanning SurfaceandMaterialsSciences,

10.3 BendMagnet Microprobe(2) MaterialsSciences

11.0 EllipticalWiggler Spin-polarizedPhotoemission MagneticMaterials

Figure3. Microscopesplannedforuseat theALS duringthefirstfewyearsof operations.

Next I wouldliketo talk aboutthe exceptionalprogressof theALS duringthe lastyear.We injected
electronsintothe storageringforthe firsttime onJanuary14 andbythe endof Marchwe hadstored
290 mAof currentinthe ring--exceedingthe projectbaselinerequirements.We hadcompletedthe
projectontime (andon budget),and ourtran,_itionfromprojectto operationalfacilitytookplaceonApril
1. On that daythe ALS projectofficiallybecamethe ALSCenter,a DOE nationaluser facility.The credit
forthe incrediblesuccessof thisprojectbelongsto hundredsof people,but I wouldespeciallyliketo
thankJayMarx.Jay wasALS projectdirectorfromJune 1987 to October1992; inwhichtime he orga-
nized the project,builtthe team, andled it to thebrinkof completion.He establishedthe teamworkand
cooperativerelationshipsonwhichour currentaccomplishmentsarebased.

The machineoperatesas a textbookstoragering;youcouldteachacceleratorphysicsin thecontrol
room--it's thatgoodlWe havealreadymetor exceededallbut oneof themajorspecificationsfor the
acceleratorsystems:

• Injector:
- Linac............................................................................................................................50 MeV
- Booster..............................................................................................................1.5 GeV, 1 Hz

• StorageRingOptimumEnergy.....................................................................:..................1.5 GeV
• MaximumCurrent(multibunch)........................................................400 mA (460 mA achieved)
• MaximumCurrent(singlebunch)......................................................... 7.6 mA (27 mA achieved)
• HorizontalEmittance..................................................................................................< 10.8m-rad
• TimeStructure(2 sigma) ............................................................................................20-50 psec
• Varietyof OperatingModes ................................................ multibunch,few bunch,singlebunch
• Lifetime...............................................................................................> 6 hours(10h @ 100 mA)
• VariableEnergy1.0 to 1.9 GeV .............................................................................(comingsoon)
• HighPositionandAngularStability



Figure4 showsan injectionthat was doneat the end of Apriland illusti'ateshow rapidlywe can injectand
storebeam inthe machine.When youare in the controlroomandlookingat the current,youdon'tsee
the numberchangingovera normalattentionspan.Alsothe beam is verystable--no flickeringor jumping
around.We havesuccassfullydoneevery conceivablekindof bunchpattern imaginablemafar fromtrivial
achievementwhichrequiresnanosecond-or-bettertiming.

[mA] April 30, 1993
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Figure4. Currentof theelectronbeamin theALSstoragedngrecordedonApril30, 1993.

After the highlyproductiveacceleratorcommissioning,we scheduleda three monthsummershutdownto
preparefor thestartof userexperiments.Several beamlinesand two undulatorswere installedon the
experimentalfloor,the storagering'svacuumsystemwas fullybaked,andeverycriticalcomponentwas
realigned.Again,thiswas nota trivialexercise.If youlookcarefullyat the photoin Figure5, youcan see
smallfittingscalledfiducialson the fourtop cornersof the magnetenclosures.These fiducialsare a
criticalpartof the ALSsurveyandalignmentsystemillustratedin Figure6. Figure7 showsoneof the ALS
crewsperforminga surveyand alignment.Their measurementsgeneratea set of Cartesian coordinates
(u, v, andw) intheALS localcoordinatesystem foreach fiducial,whichspecifiesthe exact locationforthe
componentbeingsurveyed.Three fiducialsare requiredfor placingan objectinspacewith6 degreesof
freedom,butfour fiducialsare desirablefor redundancy,allowinga check.Fiducialsmustbeconfiguredto
acceptan opticaltarget fordirectsightingwithan opticalinstrument,anda "toolingball"for mechanical
contactand measurement.



Figure 5. Critical components in the ALS storage ring and beamlines contain fiducials whichare used
toprecisely align the equipment. Youcan see several fiducials on top of the magnet enclosures in this
photo taken inside the storage ring.
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Figure 6. Diagram of the ALS local and global coordinate systems.



Figure7.Asurveyandalignmentteamat workat theALS.

The originalspecificationcalledfor everyone of the over 200 storage-ringmagnetsto be alignedwithin
150 l_m.Andwitha storageringcircumferenceof 200 m this is a challengelEvery criticalcomponentin
the ringwas realignedduringthe Summershutdownand Figure8 illustratesthe amazingresult.The x
axis is the sectornumberof the storageringandthey axis is theaveragedistanceinmm fromthe ideal
magnetpositioninthe horizontalplane. (Note thatthe entiremeasurementscaleonlyrangesfrom
_+.1 mm.)The blacksquaresare the surveyerrorsafter therealignmentandyoucan see the remarkable
result--the magnetsare nowalignedwithin100 I_mrms.The interestingthingisthat whenthe machine
was firstturnedon, thecorrectormagnetsdidnot haveto be used at all:the orbitwas flat withno correc-
tor magnets.Those of youthat workat synchrotronsknowthatjustdoesn'thappen1The openboxesin
Figure8 are the magnets'deviationsfromthe idealpositionin 1992. Asyoucan see, there wasa bulgein
the machineof about 1 mm outof 200 m. I thoughtthat was prettygood,but itturnsoutthis isactuallya
significantdistortionof the machineandhas to be corrected.We decidedthis"dip"wasdue to thetonsof
concreteshieldingthat wereused to completethe storagering,the weightof whichprobablycausedthe
buildingto slipslightly.
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Figure8. Eachmagnetin thestorageringwasrealignedduringthesummershutdownperiod. The
solid rectanglesin this graphshowthat the magnetshavebeenalignedwithinthespecificationof
+._0.150mm.

Figure9 showsone of the 5-cm-periodundulators beingvery carefully installed inthe storagering during
the shutdownperiod.At the startof theALSproject,you couldn'tbuyoneof thesethingsthatwouldmeet
the specificationswe needed.We hadto developthe technologyourselvesand investan enormous
numberof man-hoursworthofwork.The resultis a state-of-the-artdevicethat meetsall the design

parameterswe specified.



Figure 9. The first ALS U5.0 undulator was installed in the storage ring on May 7 with only inches to spare. The 4.55-meter magnetic structure along
with its support structure, a combined weight of nearly 25 tons, was lowered into the ring after parts of the concrete shielding were removed. The
second U5.0 was installed in June.



One of the consequencesof undulatorsis thatyougeneratea lot of powerandthe opticshave to handle
thisheat load withoutdistortingthe focusedimage.Alsothey haveto preservethequalityof the photon
beam,whichissmallerthansomelaser beams--otherwisewe havewastedourtime buildingthe ma-
chine.Figure 10 is a prototypeof anALS-designeddiffractiongrating.Youcan see the water-cooling
channel,,_watechnologythatwas developedat theALS.Todayyoucan go to an outsidecompanyand
orderone of thesethings,butwhen we started thisprojectthey didn'texist.Wayne McKinneyintheALS
opticsgroupled theeffortto developandtransferthistechnologyto industry.

Figure10.Water-cooledgratingassemblyfora beamlinemonochromator.

When the shutdownwasover,we storedbeam in a matterof hoursafter resumingacceleratoroperations.
In fact, the time betweenturningonthe radio-frequencysystemandmagnetsandgettingthe first stored
beam was aboutone hour,and the nextday we put 200 mA inthe machine.Howeverthe realexcitement
started on October4 when we deliveredthe firstlightto a userexperiment:the CXRO x-ray microprobe
beamline.AIThompsonled the developmentof thisbeamline,and I willletAI and HowardPadmore,head
of theALS ExperimentalSystemsGroup,tellyoumore aboutthe firstbeamlineintheirtalksthisafter-
noon.Two weekslater,on October18, a transmissiongratingspectrometerbeganrecordingundulator
spectraon Beamline7.0. Andthe diagnosticbeamlinewas commissionedshortlythereafter,allowingthe
firstmeasurementsof electronbeam size.The rapidrestartof the acceleratorsystemafter a major
shutdown,andthe amazingprogressinbeamlinecommissioning,demonstratethatthe ALSteam istruly
the world)leaderinthe business.



Naturallytheobservationof thefirstundulatorlightwasoneof the mostimportant"testsof readiness"for
the ALS.We actuallybuilta specialinstrument,calleda transmissiongratingspectrometer(TGS), to
measurethe spectrumof the undulatorbeam.TheTGS is usedto disperseand focusradiationfromthe
undulatorontoa slitand detector.By movingthe slit,the analyzedwavelengthcan bechangeto produce
a spectralscan. Figure11showsthe instrumentbeforeit was installed.The measurementstakenso far
showthat theALS has indeedpassedthe "test,"as they indicatethe undulatoris behavingas predicted,
givingexcellenthigherharmonicperformance.

Figure 11. The ALS designed and constructed this transmission grating spectrometer to measure the
undulator spectrum.

One of the last thingsthat we turned on very recently,aside from the firstundulatorbeam,was the
diagnosticbeamline.It isanotherexampleof howdifficultitis at theALSto dothingsthatwouldseem to
be ordinary,trivialthings.The diagnosticbeamline(Figure12) is basicallyanx-raycamerathat was built
to imagethe electronbeam.That soundsprettytrivial.OtherfacilitiesuseTV camerasandvisiblelightto

._ image the beam, buttheALS beam is sosmallthatyoucan'tsee itwithvisiblelight.Allyousee is adiffraction-limitedblur.Youneedto havea very high-resolutionx-raycamerato resolvethe beam. So
whatsoundslikea trivialprojectat first,ends upbeingquitean engineeringchallenge.



Figure 12.Thediagnosticbeamlineprovidespreciseimagingof thesourceandallowsmeasure-
ment of the transversedimensionsof the beam. It also collectsinformationaboutthe positional
stabilityof thebeamand thetimingof the electronbunches.Thedatais usedto optimizetheorbit
andsizeof theelectronbeamin thestoragering.

Inconclusion,Iwould like to talk aboutour plans for the firstfew yearsof operations.We expectto
completeseveralmorebeamlinesinthecomingyear, witha goalof at least 12 operationalbeamlinesby
the end of 1995 (Figure13).A thirdundulator,U8.0, willbe installedinsector9 of the storageringduring
a shortshutdownscheduledfor late spring1994. One of ourmostexcitingprojects,the designand
constructionof an ellipticalwiggler(EW20), is wellunderway.The ellipticalwigglerprojectwas deter-
minedto be so importantthat we are goingaheadwithitdespiteour limitedresources--thanksinlarge
partto supportfromthe DOE and LBL.The ellipticalwigglergeneratescircularlypolarizedx raysand, if
you're inthisbusinessat all,youknowthat'sthe hot topicnowBpolarizationcontrol.

Goingbackto Figure13, youcan see thatwe haveabout50% of the capacityof the facilitythat isn't
developedyet. Tofill in thoseareas withbeamlines,we needto getmore money.Youcan get a rough
idea of howmuchmc,_3ybyknowingthatone of these undulatorbeamlinescostsabout$5M to $10M.
We haveput togethera strongpackageforthe DOE calledtheALS BeamlinesInitiativeto buildmore
beamlines,butthiswilllikelynot be fundeduntil1996. Inthe meantime,we are workingvery hardto
completethe initialset of beamlines.

The ALS projectand our initialmonthsof operationshave been a tremendoussuccessstory;withthe
challengeof establishinga world-classscientificprogramnowbeforeus. I lookforwardto workingwith
the usercommunity,government,andindustryto meet thischallenge,and tocontinueto developthe
uniquecapabilitiesof thisfacility.
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Figure 13. ALS beamlines planned for 1993-1995 operations.



TheAdvancedLightSourceprovidesuniquelysuperiornew accessto twodecadesofthe electromagneticspectrum.
We standnowat a thresholdsimilarto that providedby lasersin1960. Letus pauseat the thresholdandsee howwe
arrivedhere, thenlookahead.

I'llbeginhistorically.My firstreal interestinsynchrotronradiationstartedin 1968, when I learnedof the possibilities
forthe SPEAR ringat SLAC,anddevelopedfurtherwhen I helpedSLACwinNSF supportforthe SSRP project,later
SSRL, a first-generation,parasiticsource.

In 1976 1servedon the NAS/NRC committeeto assessthenationalneed fordedicatedsynchrotronradiation
sources,andwe recommendedstate-of-the-artsecond-generationringswhichunfortunatelywere notdesigned
optimallyfor insertiondevices.I becamefullyaware of the potentialof permanent-magnet-basedinsertion
devices--KlausHalbach'sgreatcontribution--in1980, and askedouracceleratorexpertsto thinkaboutfree-electron
lasersforshortwavelengths.This movedslowly,and in 1981 LSBLalsoentereda partnershipwithEXXON and
SSRLto developa beamlinebasedon the famous54-polewiggler.

InApril1982 I decidedthat thenext stepwas a 3rd generationlightsource,that the worldwas readyfor sucha
source,andthat LBLshouldbuildit.The softx-ray rangeaccessibleto a 1.5-GeV ring(then 1.3 GeV) seemedmore
scientificallypromisingthana 5-6 GeV ring,and the proximityof the PEP ringat SLAC madethe latter redundant,
anyway.I pickedthe name"AdvancedLightSource"becauseit is advanced,and alsoto complementouradvanced
materialscenter.It provedto be a robustchoice,andwasemulatedbytheAPS andANS projectsl

Bymid-1985we learnedthattheALS wouldbe fundedinthe FY 1987 budget,andthat APS, RHIC, andANS would
followat otherlabs, inan integrated"facilitiesinitiative,"as I hadadvocatedearlier.The Users'Associationwas
already formed,and therest ishistory.

The ALSdesignhas stoodthe testof time,havingnow beenclonedin8-10 otherprojectsaroundthe world,with few
changes.This showsthatthe technologywas readyfor a 3rd-generationsource.

We learnedfromthisexperienceto stickwithanddevelopa goodidea, butalsoto be preparedto investsometime:
11yearsinthiscaselAlso,plan ahead. It is time nowto designthe4th generationsources,short-wavelengthfree-
electronlasers.

The ALSwillnot be uniquefor long,andit is importantto developoptimalbeamlinesandend stationsworthyof a
3rd-generationsource.The ALS mustalso be userfriendlyand attractiveto the broadacademicsciencecommunity,
to overcomethe inertialbarrierof movingto accelerator-basedresearch.

We knowthe wonderfulnew radiationparametersthattheALS provides.I'll eschewlistingthemand onlynotethat
lightin thesoftx-ray rangegivesnew accessto the lengthscale of the lightitself,and thatof photoelectronswhich
the lightexcites.Thusthe 1-1000 A scale iscoveredin direct,newways,fromatomicsizesto the 0.1 I_mrange: i.e.,
throughthe nanometerregion.Nanofabrication,nanostructures,micromachining,subcellularstructure,all lie in this



range,and justas the 21st Centurywill be thecenturyof biology,of information,and of the environment,sowillit
alsosurelybe thecenturyfor understandingmatteron the nanometer----ormesoscopic--scale,whereclassical
and quantumpropertiesmeet.

Onthe more familiaratomicscale,corelevelsof allthe elementswill beaccessible,and selectiveexcitationwill
make state-to-statechemistrya reality,alongwithotherdynamicphenomena,microanalysis,x-rayimaging,high-
resolutionwork,magneticcirculardichroism,spinphenomena,etc.

The effectivedevelopmentof these fieldswillrequiremoresophisticatedinstrumentsdownstream:2_ detectors,
for example, inmy own fieldof photoelectrondiffractionand holography,interferometryto enhanceresolution,and
theuse of synchrotronradiationfor boththepumpand probepulsesto take advantageof thenaturaltiming
sequenceinthe machine.

Allthese improvementsand manymoreare takingshape inour imaginations,andwillbe on the flooras we move
aheadintothe new worldwhichtheselightsourcesopen upfor us. Of coursethe realnew paradigmswillonly
followlater,as we learnto workin thatworld.An excitingfuture is instorel



I am happyto be here, andI wouldlike to welcomeyouon behalf onthe DOE. The constructionand initial
operationsof theALS have been a remarkablesuccess--due to the LawrenceBerkeleyLaboratoryand
theALS Staff inparticular.This pastspringwhen we presentedthe case to obtainthe Secretary'sapproval
to beginthe operationof ALS,we were asked as to whatwe attributedthe successof theALS project.My
answerwas very simple--get very goodanddedicatedpeople,givethem the toolsto do the work,and
stayout of theirwaylWe are very proudof the job donebyJay Marx and BrianKincaidand Ron Yourdand
AlanJacksonand indeed,by everyoneon theALS Staff. I shouldalsolike to acknowledgethe role of
severalpredecessorsat DOE, namelyDon Stevens,Lou lanniello,and ChalmersFrazer. IranThomas,as
DivisionDirectorof MaterialsSciences,has been a vigorousdefenderof theALS.

Lastyear, I notedthat we hadenteredthe "advent"periodas we anticipatedthe commencementof ALS
operations--and thatwe were all waitingto see what kindof toys wouldappearunder the storageringl

We are beginningto see some of thesetoys appearonthe floorof theALS.At thistime, we seem to have
fundingcommitmentsfor five insertiondevicebeamlines,for morebendingmagnet beamlines.We antici-
pate that othercommitmentswillbe made inthe comingyear froma varietyof sources.One of the very
interestingandexcitingdevelopmentshas been the comingtogetherof the BasicEnergySciencesandthe
Officeof Health and EnvironmentalResearchto supportthe constructionof an ellipticallypolarizedwiggler
beamlinewhichwillprovidecircularlypolarizedphotonsto studymagneticstructuresand helicalmolecules
importantin biologyand chemistry.These fundingcommitmentsare inplace and workis underway.

Even inviewof these successfulefforts,we stillhave a longway to go beforewe willhave the ALS fully
instrumented.However,I musttellyouthat I am very encouragedbythe beamlinecommitmentsthat have
been made so far, andit is my beliefthat morewillfollowinthe comingyear.

The FY 1994 DOE budget has notyet been fully settled at the programlevel. In fact, I would remindyou
that we haveto be inthiseffortfor the longhaul. Persistenceis essentiallI alsonotedlastyear that it may
eventurn out be a goodthingthat we couldn'tsupportall requestsimmediatelymsothat newlyconceived
ideas suchas an ellipticalwigglercan be startedin a timelyway.The ellipticalwigglerwillbe developedat
ALS andshouldbe readyto go inspringof 1995. There maybe othersuchdeviceswaitingthe wings.

On that note I willstop. I am reallylookingforwardto the implementationof someof the ideas made
possibleby theALS, and I hopeyouwillhave a goodmeetinc anda goodyear.



The speakerhas been Chairmanof the ProgramReviewPanelof theALS forfiveyears, andis alsoScientific
ProgramHead Designateof theALS.

Asthe startof a "get acquainted"processwiththe Usercommunity,the speakerdescribedhisscientificbackground,
startingwithhis introductionto the infanttechniqueof photoemissionspectroscopyinBillSpicer'slab at Stanford,
continuingwithcontributionsto angle-resolvedphotoemission,and culminatingwithexperiencesof spin-polarized
photoemissionon the U5U undulatorbeamlineat Brookhaven.Photoemissionhas progressedoverthisperiodfrom
beinga relativelyprimitivebenchtopexperimentto a sophisticatedtechniquerequiringthird-generationsynchrotron
radiationsources.The rate of progressshowsnosign ofslackening.

The ProgramReview Panel (PRP) isa nine-memberbodywhichadvisestheALS managementon majordecisions.
Itsactivitiesweredescribed,especiallythe momentousmeetingof November1989, when the PRT proposalswere
evaluatedand recommendationsweremade onthe allocationof the $12M trustfund. Itwas stressedthat those
PRT'sthat didnot receivefundingshouldnottakethisas a negativecommenton the qualityof theirproposal.

Withregardto the scientificprogramat the ALS, the speakerendorsedthedazzlingvisionexpressedearlierby Dave
Shirleyand the$63M wish listof BrianKincaid.It was asserted,however,thatorganizationslikethe ALS are really
led fromthe bottomup,andthat thevisionandimpetusto carrythroughthatvisionmustultimatelycome fromthe
Users.The speakerclosedbyexpressinghis enthusiasmto workwiththe Usersin comingyears.



TheAdvancedLightSource,completedinMarch 1993 for the Departmentof Energy(DOE)byLawrenceBerkeley
Laboratory(LBL),is the UnitedStatespremierthird-generationsynchrotronlightsource.This multi-userfacilitynot
onlywillbe usedin forefrontbasicscientificresearch(itsmain mission),butcan alsobecomean integralpartof the
technologicalinfrastructureservingindustry.

Synchrotronlighthas alreadyprovedusefulinadvanced manufacturing,processcontrolandindustrialknowledge
basedevelopment,andis usedby industryworldwide.Due to advancesin solidstateelectronics,the 20th century
broughta courseof increasingminiaturizationfromtube radios,bulkyTVs androomsizedcomputersto Walkmen,flat
paneldisplays,and laptopcomputers.The nextroundof miniaturizationis underway--the roundof nanoelectronic
andopticaltechnologyandmicro-electromechanicaldevices(micromachines).Synchrotronlightwillplayan impor-
tant roleinthe next roundof miniaturizationandunderstandingof systemson a molecularscale.Alreadywiththe help

of synchrotronlight,new pharmaceuticalandchemicalcatalystsare beingdesignedratherthandiscovered;ma-
chines,sensorsand actuatorsthe size of the humanhair andsmallerhavebeenfabricatedfor smarterand lighter
automobiles,airplanesandsatellites;andmaterialsfabricatedforbiotechnologyandelectronicscan be analyzedona
nearatomicscale.

MICRO MACHINES

On August 3, 1993, LBL held the firstworkshc_;_on deep etchx-ray lithographyfor highaspect ratiomicroelectromag-
neticand mechanicalstructures(HAR-MEMS Workshop- Proceedingsinprint).In thefirst process(LIGA),firstused

byKfKand firstcommercializedbyMicroparts_in Germanyand nowalso beingexpandedat the Universityof Wiscon-
sin,2metalstructuresof 0.1-.5 mm heightare formedwithsub-micronaccuracy.A ParticipatingResearchTeamled by
KeithJacksonof the LBLCenter for X-Ray Opticshas been formedof groupsinterestedinprocessanddevice
research.At the workshop,the BerkeleySensorsandActuatorsgroupfromthe Universityof Californiaat Berkeley
presentedseveralapplicationsthat requireor couldbenefitfromdeep etch x-raylithography.

Tosupportthe emergingcommunity,three beamlinesandsupportfacilitiesare planned:

1. A branchlinefittedwithasphericopticsfor normalincidenceexposureof largeareas (100 mm).

2. A branchlinefitted witha planarmirrorfordevelopmentof exposuresystemsand forvariablehighenergy
cutofffor very thickresistexposures.

3. A white radiationbeamlinefor resistexposuremodelingand generalresearchuse.

This beamlinesystemis very similarto the facilityplannedbythe LouisianaTechUniversityInstitutefor
Micromanufacturingat the LouisianaState UniversityCenter forAdvancedMicrostructuresandDevices.



Alongwiththe beamlines,basicfacilitieswillbe providedfor maskfabrication;resistapplication,preparationand
development;andelectroplatingingold,nickelandcopper.The firstexperimentswillbe performedon a borrowed
branchlineto the Microprobeexperimentalstation(Beamline10.3) usingwhitelight.

PROTEIN CRYSTALLOGRAPHY

Californiais alsoa centerfor biotechnologycompanies--some engagedin rationalpharmaceuticaldesign,a term
that describesthe processwhere pharmaceuticalsare designedbasedon detailedstructuralandfunctional
informationratherthandiscoveredbytrialanderror.Withx-raycrystallography,scientistshavesolvedthestructure
of commoncold,3 HIV4andinfluenza5surfaceproteinsandthis informationis beingusedto designpharmaceuticals
to attacktheseviruses.Some of thesepharmaceuticalsare nowinclinicaltrials.

At LBL,thegroupheadedbySung-HouKim of the StructuralBiologyDivisionhas hadexcellentsuccessusing
synchrotron-basedcrystallography.Kim'sgrouphas deducedstructuralchangesin proteinsthat leadto prolifera-
tive growthof cancercells.8The c-H-ras oncogeneproteinwhichplaysa keyrolein the pathwayforchemical
signalsthat regulatecellgrowth,undergoesa slightmolecularchangethat inhibitsthe retumof the proteinto the
"off' state,therebyleadingto unregulatedgrowth.Workinthe industrialsectoris underwayto exploitthisnew
understandingfor thecontrolof cancerousgrowth.

There are of order 50,000-100,000 eucharyoticproteinsand manybacterialandmanyviralproteinsleftto solve
(notallamenableto crystallization,however).

Afteryearsof effort,only2,000 proteinstructuresare nowregisteredinthe proteinstructuredata base maintained
byBrookhavenNationalLaboratory.A great dealof work remainsto be doneto reapthe fullcommercialand
humanbenefitsof synchrotronbasedproteincrystallography.The Biosynccommitteehas issueda comprehensive
reportoutliningthe need forat least18 rapiddata collectionbeamlinestationsbythe year 2000 to meetdemand.7
Synchrotronlightsourcesare uniquelycapableof rapidlyandaccuratelygeneratingmanyneededcrystallographic
data sets.

The additionof a wigglerinsertiondeviceand "userfriendly"end stationsmakestheALS fullycompetitivein
proteincrystallographyand can servethe nearbyandestablishedbiotechnologycommunity250 days peryear.

ANALYTIC SERVICES

In early 1992, LBLsponsoreda workshoponthe use of synchrotronlightto provideanalyticservicesforindustry.8
The emphasiswas on photoelectronspectroscopy,althoughx-rayphotoabsorptionand fluorescenceweread-
dressed.Quantitativeanalysisofthe elementsusingelectronspectroscopyforchemicalanalysis(ESCA) hasthe
advantagesof chemicalstate andsurfacestatesensitivity.Beamlineswithanalyticcapabilitythat startoperation
betweennowand 1995 includehighresolutionx-raymicroscopy(bendmagnetBeamline6.1), spectroscopy
facilities(bendmagnet Beamline9.3.1), spectromicroscopyfacilities(undulatorBeamline7.0), a white lightmicro-
probe(bendmagnet Beamline10.3), and othersthatwillformthe coreforgeneralanalytic servicesfor industrial
users.9



CONCLUSION

There is a growing awarenessof the capabilityof lightsourcesto contributevalue to the economy.The
industrialapplicationsmentionedaboveweresubstantiallydevelopedinthe late70s and early80s.
Duringthe 80stherewas aboutan orderof magnitudegrowthinpublicationsrelatedto synchrotronlight.
Giventhat thetime delayfromUniversityresearchto industrialfruitionis typically10-15 years,we are
nowpoisedforan orderof magnitudeincreaseindemandfromthe industrialsectorbetweennowandthe
early21st Century.With timelycapitalinvestmentto produceindustrialqualityfacilitiesandvigorous
communicat;onseffortswe can meet thatdemand.
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Octoberhas been a monthof extraordinaryaccomplishmentsforthe ALS ExperimentalSystemsGroup.We have
commissionedthree of the beamlinesplannedfor initialoperations,andtwo moreare closeto completion.This
successis due to the hardworkandcarefulplanningof the entireALS staff,andthey are allto becongratulatedfor
theirefforts.

This presentationdescribesthepreliminaryresultsfrom two of the newly-commissionedbeamlines:the diagnostic
beamline3.1 andthe undulatorbeamline7.0. I willalsogive a shortoverviewof someof the new projectstheALS is

collaboratingon;includinga branchlinedevotedto chemicaldynamicsstudies,a proteincrystallographybeamline,
andanellipticalwiggler.

The diagnosticbeamlineshownin Figure 1 producesa 1:1 imageof the bendingmagnetsourceusingbroad-band
x rays.The x rays are convertedto visiblelightusinga scintillatorand imagedusinga microscopeandCCD camera.
The machine-physicsgroupwillusethe data collectedon the beamlineto studythe stabilityof the storedbeamas
wellas to measurethe horizontalandverticalbeam sizesand to deduceemittanceand coupling.The beamline's

imagingsystememploystwo crossedsphericalmirrorsina Kirkpatrick-Baezconfigurationthat workat almostunity
magnificationto avoiddistortionof the imagedue to sphericalaberration.The mirrorsare made of GlidcopTa (an
aluminadispersionstrengthenedcopperalloy)coatedwithnickel.The verticalmirroris watercooledto eliminate
thermaldistortionand has a grazingincidenceangleof 1.5°;the horizontalmirrorhasa grazingincidenceof 2.0°.

Horizontal
focusing
mirror

..... _ __--_'_1 _ _ Mirr°rfilter Micr°sc°pe (20x)

3.1 bend _------_. Highresolution

magnet Vertical ....1_ _ CCD camera,____,
source focusing B----]

mirror Carbon _filter
window Scintillator

XBL 9310.4108

Figure 1. Path of the synchrotron light through the optical components of the ALS diagnostic beamline.

The twomirrorsprovide a high-energycutoffof approximately1 keY.The low-energycutoffisgiven by a thin (5 l_m)
carbonfoil whichactsas a filterbypassinglightbetween220 eV andthe carbonK edgeat 287 eV.The photon-
energybandpassfrom220 eV upwardsdefinesa diffraction-limitedsourcesizesmallerthanthe realsource.(The
filtering-outof low-energylightis necessaryto avoida broadeningof the imagedue to diffractionfromthe mirror-
definedaperture.)A focusedimageof thesourceis producedon a bismuth-germaniumoxidescintillatorscreenand
the resultingvisibleimageis then focusedontoa CCD camerabya standardmicroscope.The resolutionof the
systemis approximately5 I_m.



Figure2 showsone of the firstimagesofthe storedelectronbeam obtainedfromthe diagnosticbeamline.Thesize of
the beam issomewhatbiggerthan expectedand is clearlyenlargedbyvariousinstabilities.The imagedata collected
bythebeamlineis transmittedto computersinthe controlroom,permittingthe operationsstaffto interpretthedata to
optimizethe performanceof the storagering.A notablefeatureof the beamlineis itsspecialshieldingthat allowsit to
beoperatedwhilethestorageringis beingfilled.This hasalreadyprovedto be invaluableinstudyinginjection
processes.
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Figure2. Imageof theALSelectronbeamcollectedby thediagnosticbeam/ineon October20, 1993--thesame
day thebeamlinewascommissioned.

The diagnosticbeamlineworkedwithinhoursof being turned on for the first time; a testamentto the dedicationand
expertiseof allinvolved.I especiallywant tothankEd Melczer,whohad overallresponsibilityforthisproject,and Pat
McKeanfortheirefforts to completethe beamlinein recordtime;and membersof the MechanicalEngineeringsection
led byTomHendersonfortheirexcellentsupportduringthe lastfew months.Figure3 showsthe beamlinewithsome
of the keymembersresponsiblefor itsdesignandconstruction.



Figure 3. The diagnostic beamline provides precise imaging of the electron beam. Key members of the design and
construction team include (from left): Pat McKean, Ed Me/czer, Arash Saffamia, Ed Wong, and Rupert Perera.

Next _'dlike to talk aboutthe undulator beamline 7.0.As can be seen in Figure4, the lightfrom the 5-cm-period
undulatorisfocusedby a sphericalverticalcondensingmirrorontothe entranceslitof the sphericalgratingmonochro-
mator.The horizontalbeam-definingapertureis usedto scrapeoffthe sidesof the undulatorbeam andcan be
adjustedbymotor-drivengrazing-incidenceblades.The designof the entranceslitwasone of the mostdemanding
engineeringchallengesfaced bythe beamlineengineeringgroupas it is subjectto a very highpeakpowerdensity
fromthe focusedundulatorsource.The experimentalrequirementsfor spectralresolutionmeantthat the widthof the
entranceslithad to be preciselycontrollableand adjustablebetweena minimumof 5 l_manda maximumof 200 l_m.
To meetthe demandingdesignrequirements,the BeamlineEngineeringGroupled byDickDiGennarodesigneda
uniqueflexureassemblythat transferstheactuationforcesto the slit blades.

Perhapseven moreimpressivewasthe engineeringgroup'ssuccessin dealingwiththe thermalproblems.Tohandle
the highheat load,care mustbe taken inchoosingthe substratematerialfor mirrorsand gratingsandin designingthe
cooling-channelgeometryto guaranteethatopticalimperfectionsare not dominatedby thermaldistortion.Again,
Glidcopwas selectedforthe substratematerialforthe mirrorand gratings.It can be machinedand brazed,which
allowedthewatercoolingchannelsto be constructedas necessaryto matchthe heat load and footprintof radiation.
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Figure4. Schematiclayoutof Beamline7.0.

The beamline's monochromatorfeaturesthree water-cooledgratingsthatrotateaboutan axis undercomputer
controlto scanthe wavelengths.Lightdiffractedfromthe gratingisfocusedontothe exitslitanda combinationof
crossedcylindricalmirrorsfocusesthe lightinthe verticaldirectionfrom the exitslitto the sample, andinthe horizon-
taldirectionfromthe sourceto the sample•The differentexitslitpositionsgivenbytherequirementfor focusingthe
monochromatorcan be accommodatedbythe variable-radiusverticalrefocusingmirror•The radiusof the mirrorcan
bechangedbybendingthe substrateandthe focuscan be placedineitherexperimentalchamber,regardlessof the
positionof the exitslit.The sphericalgratingtype of monochromator,as well asthe useof bendablemirrorsincorpo-
ratingintegralflexuralhinges,were pioneeredby MalcolmHowells.

All the mirrorsare nowattheALS andare undergoingtestinginthe metrologylaboratoryof Wayne McKinneyand
Steve Irick.The gratingsubstratesare finishedandqualifiedto the requiredfigureand finishand are awaiting
holographicrecordingand ionetching•We expectone completeset of highlinedensitygratingsto be deliveredby
midNovember•The beamlinefrontend, the horizontalbeamdefiningapertures,and the monochromatorare com-
plete;and the exitarm of the monochromatorincludingthe slitsandrefocusingmirrorshaveyet to be installed.We
expectcompletionof thebeamlinebyearly January.



Figures5 and6 show anotherengineeringsuccessstory: the beamline'sverticalcondensingmirrorand chamber.
The wholemirrorsystemis mountedon oneflange,and the pitchcan becontrolledeitherwitha micrometerorwitha
piezo drive.The ideaof the piezo isthat we willbe able to sensethe flux throughthe monochromatorentranceslit
and optimizeit byservoingon the mirrorangle.The bubblelevelsin theoriginalsketchand engineeringdiagramin
Figure5 allowvery accuratealignmentof the mirrorassemblyafter any movement.

X_03t&t47t

Figure5. Diagramof thechamberfor theBeamline7.0verticalcondensingmirroralongwitha sketchof the initia/
designconceptdoneby TonyWarwick.



Figure6. Theverticalcondensingmirrorchamberreadyfor installationin thebeamline.

The Beamline7.0 efforthas been led byTonyWarwick,withhelp froma largeteam includingDickDiGennaro(lead
engineer),GregoryAndronaco(refocusmirrorsystems),NordAndresen(slitdesign),TonyCatalano(vacuum),Carl
Corkand KenWoolfe(controls),andAI Robb (computing)--plusmany morethat I don'thave time to mention.Many
demandingtechnicalchallengeshavebeen overcomealongtheway,andthe qualityof thefinishedproductisa
tributeto all.

As part of the initialcommissioningof Beamline7.0, we havecarriedoutan extensivecharacterizationof the
beamline'stwo photon-beampositionmonitors(PBPMs);one insidethe storageringshieldingand oneoutsidethe
shieldwall.The ALS-designedPBPMs provideinformationon the positionandangleof the electronbeamat the
centerof the undulator.Figure7 is an earlysketchof a prototypemonitorbyTonyWarwickand a cutawayviewof the
finishedproduct.The completedinstrumentisshownin Figure8. Inthe centerof the PBPM are two copperblades
thatprojectintothepathof the undulatorphotonbeam.The photoemissionof electronsfromthe surfacesof the
bladesprovidesignalcurrentsto an electron-beamstabilizationfeedbacksystem.The differenceinthe signalcurrent
readingsfromthe two surfacescan be usedto detect movementof the beam pathas smallas 1 l_m.The blades
have hadto be verycarefullyengineeredto standthe very highthermalload fromthe undulatorandto givea high
degreeof positionstability.We employtwo typesof monitor,onewithonepair of verticalsensingelectrodesand one
withtwo pairsof electrodesrotated45° forverticalandhorizontalmonitoring.The hope iseventuallyto use the
signalsfromthesemonitorsin an activefeedbackstabilizationsystem.
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Figure8.ALSdesignedphoton-beampositionmonitor.

The good newsisthe monitorsshowthe ALSphotonbeamto bevery stable.The data in Figure9 showsthevertical
positionof the beamwitha calibrationderivedfromthe measuredmanualmotionof the monitor.The short-term
stabilityat 1 Hz isabout4 I_m(1 sigma)at 10 m fromthe source.Clearlythe beam noiseis exceptionallylowand
reflectsthehighqualityof the mechanicalandelectricalengineeringon the storagering.The long-termstabilityat 0.1
Hz is around2 l_mper hourat 10 m fromthe source.Thesemeasurementsof stabilityshowthatthe ALS,even
withoutfeedback, istypically10to 100timesmorestablethan the best modernstoragerings.This basestabilitywill
make the implementationof a feedbacksystemmucheasierthaninconventionalsystems.The largeverticalposition
change inthe long-termstabilitygraphis due to closureof the undulatorgap from47 mmto 23 mm and representsa
motionof around100 l_m.This correlateswithintegrateddipoleerrorsmeasuredforthe undulatorandgivesus
confidencethat we shouldbeable to correctthismovementwithlocalweak correctormagnets.
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Figure9.ThisdatatakenwiththephotonbeampositionmonitorsshowtheALSbeamtobeextremelystable.Short-
termstabilityinformationis or)the top,long-termon thebottom.Theclatawastakenon October19,1993.

Of course,one of the mostimportant"testsof readiness"for a third-generationlightsourceisthe observationof the
firstundulatorlight.The ALSpassedthisteston October18 when the Beamline7.0 undulatorbecameoperational.To
conductspectraland positionalmeasurementsonthe undulator,we installeda transmissiongratingspectrometerin
placeof the verticalmirrorchamberinBeamline7.0. Ouraim is to correlatethe spectralcalculationsthat were based
onthe magneticfield measurementsmade on theundulatorstructurewiththe measuredspectralandangularcharac-
teristics.The calculationsshowthatthe measuredmagneticerrorsshouldreducethe brillianceof thefifth harmonicto
around75% of the zero errorcase forthe minimummagneticgap of 14 mm. The spectralcalculationswere doneby
Chun Z. Wang andthe undulatormeasurementswere carriedout by SteveMarksandothermembersof the Insertion
Device Groupled by EgonHoyer.

Figure10 isa diagramof the transmissiongratingspectrometer(TGS) system.The TGS consistsof a grazinginci-
dence mirrorwhichfocusesundulatorlightthrougha transmissiongratingontoa movableslitteddetectorwhichcan
be rotatedto selectdifferentwavelengths.The systemis designedto have a resolutionbetterthanthe widthof the
fifth harmonicat all wavelengths.The mirrorreflectivity,gratingtransmission,anddetectorresponseare haveall been
calibratedsothatwe can extractreliableintensityinformation.Figure11 showstheTGS installedinthe beamlinewith

partof the team responsiblefor itsdesignandconstruction.Again,the systemwasconstructedin recordtimeand
workedimmediately.The team of BillGath, JasonAcre,AI Robb,JohnChinand DimitriMossessianled byPhil
Heimannhavedonea remarkablejob ingettingusefuldata out of thesystemin recordtime.



• 2000 and5000 11ramgratings

, 29:1 verticaldemagnlficatlon

• wavelength and x,y scanning
Si
Photodlode /
SIR

Transmission .1

Grating/ _\_
Aperture ___'"_"--_ _1

:_u_ 16m
e-2 deg
Sphere

Figure 10. The transmission grating spectrometer (TGS) installed in Beamline 7.0 is used to disperse
and focus radiation from the undulator onto a slit and detector. By moving the slit, the analyzed
wavelength can be changed to produce a spectral scan.

Figure 11.Members of the ALS Experimental Group responsible for the design and calibration of the
TGS include (from left) John Chin, Bill Gath, TerenceAkins, A/ Robb, Jason Acre, Phil Heimann and
Dimitri Mossessian (not pictured).



Figure12 is a graphof a TGS scanat an undulatorgapof 47 mm. Startingfromtheleft, the peakscorrespondto the
zero orderof thegrating,a very small4th harmonic,thethirdharmonic,thesecondharmonic,thethirdharmonicin
the seconddiffractionorderof the grating,and thefirstharmonic.This is operatingat a deflectionparameterK of
around0.5 andthereforeshowsstrongfirstordercontent.The data in Figure13 wastakenwiththe undulatorgapset
to 23 mmandshowsharmonicsupto the 15th andmanydiffractionordersof the grating.The firstorderIs sup-
pressedas the firstharmonicenergy(i26 eV) Is justabovethe St 2pabsorption(99.7 eV), andthere is largeabsorp-
tionintheoxidedead layeron the surfaceof the diode.We havecomparedthe resultsfromthe TGS to the theoretical
predictionsbasedon the measuredmagneticdata and sofarour preliminarydata showsvery goodagreement,
indicatinga highlyoptimizedundulatorstructure.This resultis a testamentto the qualityof workof RossSchlueter
andthe InsertionDeviceGroupledby EgonHoyerincludingSteve Marks,Dave Plate, Dave Humphries,JohnChin,
Greg Portman.
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Figure12.TGSscanof the5-cm.periodundulatorinstalledin sector7 of thestoragering;theundulatorgap is set
at 47 rnm.Thedata wastakenon October19,1993.

Workiscontinuingforthe next monthusingthetransmissiongratingspectrometerto fullycharacterizethe undulator
output,and we hopeto gain a muchdeeperunderstandingof the roleof errorsbyexperimentingwiththe undulator
and introducingartificialmisalignmentssuchas taper and roll.The instrumentwillalsobe usedon Beamline9.0 after
the springshutdownto test the U8 undulator.
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Figure 13. TGS scan with a 23 mm gap in the undulator for Beamline 7.O.The data was taken on October 19, 1993.

Let me conclude my discussion of Beamlines 3.1 and 7.0 by pointing out that the data and results I've shown in this
talk have all been taken within 2 days of tuming the beamlines on for the first time. The respective teams and team
leaders for the 7.0 beamline (Tony Warwick), the transmission grating spectrometer (Phil Heimann), and the diagnos-
tic beamline (Ed Melczer), all worked extremely hard over the past few months to get data for the user meeting and
are to be congratulated on achieving this excellent result.

Next I would like to give a brief overview of three new projects the Experimental Systems Group is involved with. The
first is an elliptical wiggler insertion device to generate circularly polarized light which is planned for sector 11 of the
storage ring. The mechanical design of the magnetic structure is already well advanced and is a novel combination of
a standard permanent-magnet hybrid structure for the vertical field and an electromagnet array for the horizontal field.
The intention is to switch the polarity of the horizontal field at a frequency of up to 1 Hz. The device works by aligning
the light of the same helicity from adjacent poles by deflecting the vertical orbit in opposite directions between poles.
This deflection is symmetric and hence only one helicity is propagated along the central axis of the device. To change
the helicity,the horizontal field polarity is reversed. We held a one day workshop on this project inApril from which the
design of the magnetic system and optical system have been developed. Extensive work has been carded out by
Chun Z. Wang to predict and optimize the optical properties of the source. We now have a complete understanding of
the method of optimization and are currently using this in the design of a high-acceptance monochromator for the
system.

In collaboration with a research team led by Professor Yuan Lee of the University of California at Berkeley, we are
currently designing and building a branchline for the 8-cm-pedod undulator beamline (9.0) for chemical dynamics. The
branchline has two primary end stations; one using white undulator light and the other using monochromatized
radiation. The monochromator is an off-plane eagle instrument and will be capable of resolutions in the VUV of up to
2 x 105.The extreme mechanical stability required by this system will be a challenge both optically and mechanically.
When completed, it will be the first of its kind in the world and will provide unprecedented flux at very high resolution.
The experimental end stations will also be complex system using pump-and-probe techniques with high power lasers
and crossed molecular beams.



A thirdnew projectis a beamlineforproteincrystallography.We havedevelopeda beamlineplan,a designforthe
multlpolewigglersource,and haveinvestigatedthe possibilityof industrialfunding.Sofar we have interestinthe
projectfromseveralcompanieswhowouldlike localaccessto a facilityfor rapidand reliableturnaroundindiffraction
measurements.A furtherrequirementis fora welldevelopedbiologicaisupportinfrastructureand thiswillbe funded
undera separate Initiativeover a periodof threeyears.The emphasisinourproposalisfor highlyautomatedopera-
tionwiththemaximumconvenienceforthe user.The supportlaboratorieswilloffera comprehensivecomputing
systemsothat userscan dotheirbasicdata reductionon site,as wellas the normalpreparationand analysislabora-
tofles.

Finally,I wouldliketo returnto thegraphsI showedof the firstundulatoroutputfrom Beamline7.0 (Figures12 and
13). We shouldrememberthat thisresult isdueto thecontributionsof many,but inparticularto the Inspiredinvention
of thepermanentmagnetundulatorbyKlausHalbach,andto the implementationof that ideaby EgonHoyer.Inthis
year of Klaus'retirement,I wouldlike tosuggestthat we startan annualprizefor outstandinginstrumentationinthe
fieldof synchrotronradiationat theALS,calledthe HalbachPrize.Klauswillselectthe winnerincomingyears,but I
thinkit isappropriatefor the prizein itsfirstyear to beawardedto Klausand Egonfortheiroutstandingcontributions
to the developmentof modernundulatortechnology(Figure14).

Figure14.KlausHalbachandEgonHoyerwiththefirstundulatortheydesignedandbuiltbasedonHalbach'sidea
of usingof permanentmagnetsin insertiondevices.Theundulatorwasinstalledin the SPEARstorageringat
Stanfordin 1980.



My presentationwill givean overviewof theALS user program,includingwhy youmightwant to becomea userof the
ALSand whatyou canexpectwhen youget here.

I wouldlike to startbydescribingsomeof thefeaturesthat distinguishtheALS fromotherfacilities.Lightfromthe ALS
possessesspecialcharacteristicsthat make ita researchtoolof greatversatility:

• Veryhighbrightness

• Fast pulse(35 ps)

• Tunabilityovera widerange (farultravioletand softx ray)

• Partial coherence

• Linearorcircularpolarization.

Of these,theone thatsets usapartfromothersynchrotronsourcesinour unusuallyhighbrightness."Highbrightness
soundsgood,but whatare yougoingto do withit?"youmightask.The answeris--there are twothingsyoucan do
withit.The firstone is achievinghighspatialresolution,the abilityto focusthe beamto a verysmall spot.The smaller
the focalspot,the smallerthe objectthat can bedistinguishedfromitssurroundings.The secondis, itgivesyouhigh
spectralresolutionwithhighflux.Bynarrowingtheslitsat the entranceandexitof a monochromator,youcanselecta
very narrowrangeof wavelengthsfroma beamof synchrotronradiation,andinthisway achievevery highspectral
resolution.

Let me givean illustrationof why highspatialand spectralresolutionare important.Figure1 showssomespectral
measurementsdoneby PhilHeimannandZahid Hussain.The measurementson the graphon the lower-righthave a
resolutionof 1500 andall yousee is a bigblob.So if yourinstrumenthas a resolutionof 1500, youmightaswell go
homebecauseyou haven'tlearnedanything.It isn'tuntilyou getto a resolutionof 5000 (top-center) thatyousee the
fullstructureof nitrogen'svibrationallevels.Alsonoticethat,inthiscase,goingto a resolutionof 6700 doesn'thelp
youbecauseyou'venowexceededthe naturallinewidth.There are otherexampleshowever,suchas doublyexcited
levelsof helium,whereyouwantto goway beyondthis.
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Figure 1. Spectra of the nitrogen l s _Tr* transition.

Another example of the type of research that can take advantage of the high-brightness of ALS light can be seen in

Figure 2. What you are looking at is the magnetic bits on a storage disk with dimensions of 10 x 10 I_m, 10 x 2 l_m,
and 10 x 1 t_m.The image was obtained by subtracting two images recorded with rightcircularly polarized synchrotron
light tuned to the cobalt L3 and L_x-ray absorption edges. The contrast comes about from the orientation of magnetic
spins. This work was done by Jo St6hr and the IBM group at SSRL last year.
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Figure2. Imageof databitson a magneticstoragediskobtainedby usingcircularlypolarizedlighL

Nowthatwe have establishedwhyyoumightwant to come here, let'ssee howyoucanjointhisgroup.There are
three waysto becomeanALS user:

• Join anexistingparticipatingresearchteam (PRT)

• Formyourown PRT

• Submita proposalas an independentinvestigator.

Tojoinan existingPRT,youshouldcontactone of itsmembersas it isup to themwhetheror notyot;jointhegroup.
The secondoption,startingyourown PRT,typicallyrequireshavingenoughresourcesto buildand payfor an inser-
tiondeviceor a beamline.The thirdway isto submita proposalas an independentinvestigator,just likeat
Brookhavenand othersynchrotronsources.A formalALS proposalprocesswillbe initiatedsometimein 1994. Inthe
meantime,if youhave an_ideathatcan'twait,pleasesend usa Letterof Interestnow andwe'lltry to getyouon the
experimentalfloor.



The beamlinesand areas of researchplannedfor the next fewyears are summarizedin Figures3 and 4.
As youcan see, theALS scientificprogramencompassesa broadrangeof scientificdisciplines.And the
ALS hasseveralongoingeffortsto developnew researchopportunities.Theseincludefocusinginterest
on new areasthroughworkshops,workingwithindustryon commerciallypromisingapplications,and
investigatingadditionalways of providinganalyticalor otherservicesto users.
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Figure 3. Diagram of the ALS floor showing the beamlines planned for construction through 1995.



Beamline Source , Research Energy Range Avail.

3.1 Bendmagnet Diagnosticbeamllne 200eV Now,,,

6.1 Bendmagnet High-resolutionzone-platemicroscopy 250-600 eV 1994

6.3 Bendm_gnet Metrologyandstandards 50-4000 eV 1994,,,

7.0 U5undulator Surfacesandmaterials_spectromicroscopy 70-1200 eV Now
8.0 U5undulator Surfacesandmaterials 70-1200 eV Now

.....

9.0.1 U8undulator Atomicphysicsandchemistry 20-300 eV 1994

9.0.2 U8undulator Chemicaldynamics 5-30 eV 1994/95

9.3.1 Bendmagnet Atomicand materialsscience(doublecrystal) 700eV-6 keV 1994

9.3.2 Bendmagnet Chemicalandmaterialsscience 30-1500 eV Now, ,

10.3 Bendmagnet Materialsscienceandadvancedmicroprobeinstrumentation 3-12 keV Now

11.0 EW20ellipt!calwiggler Materialsscienceandbiologyt magneticmaterials 50eV-lO keV 1995

12.0 U8 undulator X-rayprojectionlithography,optics development 60-320eV 1995

Figure 4. The beamlines and areas of research for 1993-1995 operations.

Now I'd like to discuss the logistics involved with being a user at the ALS. Let me begin by saying that

both the Laboratory and the ALS recognize the importance of creating an efficient check-in process and

working environment for users, and are working together to make all aspects of conducting research here

as convenient as possible.

The first stop for users when they come to work at the ALS is the new LBL Reception Center, located in

Building 65 near the LBL shuttle-bus terminal (Figure 5). Here you complete their registration forms,

obtain an identification badge and parking permit, and receive the required safety training. The Reception

Center can also provide information on hotel and housing accommodation.

CURRENTS .... _Fdday,March26,1993i. ilib I I I I I I I I _

ReceptionistRoryPerryholdsdownthefortwhile(leftto right)Recep
tionCenterManagerFredLothropshowsoffthenewcenter,inBldg.65,
to AssociateLabDirectorfor AdministrationRodFleischmanandLab
DirectorCharlesShank. P_,_o_y5,_c.Ada,_

Figure 5. First stop for ALS users is the LBL Reception Center where they will get their identification
badge and take the required safety training.



Duringtheirstay,usersare assistedwiththe logisticsof conductingresearchbyoperationscoordinators
underthe supervisionof ourusersupportleader,Ray Thatcher.Duringoperations,at leastoneopera-
tionscoordinatoris alwaysavailableon the experimentalflooras a firstcontactfor questionsor problems
andto ensurecompliancewithsafety regulations.The operationscoordinatorsinspectandenable
beamlines,checkthat usershavethe appropriatetrainingfor the beamlineandexperimentalequipment,
andmake sure hazardousmaterialsare handledproperly.In addition,they can help usersgain accessto
LBLandALScraftsandtradessuchas survey andalignment,craneoperators,and electronicand
mechanicaltechnicians.Severalof the userserviceareas are nowcompleteincludinga wet lab, a clean
assemblyarea, stockroom,anda usermachineshop.

TheALS is hereto servethe needsof the usercommunityandspendsconsiderableeffortto keep in
touchwithwhatthoseneedsare.The Users ExecutiveCommitteerepresentsuserstoALS management
and gives valuablefeedbackandadvice.The ALS publishesa variety of newslettersandbrochuresto
keepyou informedaboutrecentprogress,researchopportunities,and beamlinestatus;andsponsorsa
varietyof meetingsandworkshopsto explorenew scientificopportunitiesfor synchrotronlightsources.
This year we heldan informalworkshopinAprilto discussthe productionand userof ellipticallypolarized
radiationat theALS, andone inJuneon softx-rayinterferometry.

Inconclusion,it is my goalas head of the userliaisongroupto establishthe bestpossibleenvironment
for researchat the ALS. I lookforwardto workingwithyou, membersof theALS usercommunity,to make
yourvisitto our facilityan enjoyableandproductiveone.



Introduction

A fluorescentx-ray microprobehas been builtby the Center forX-Ray Opticsandthe MaterialsScienceDivisionof
LBL.It usesa bendingmagnetporton thenewAdvancedLightSource(ALS)at the LawrenceBerkeleyLaboratory.
The ALS providesan excellentsourceof x raysfor a hardx-raymicroprobebecauseit has highspectralbrightness
(fluxper unitarea of the source,per unitsolidangleof the radiationcone,andper unitbandwidth).The small emit-
tance of the x-raybeamallowsthefull beamto be demagnifiedwitha pairof mirrorsto producea smallspotsize.The
mirrorsare arrangedina Kirkpatrick-Baezconfigurationandthey are coatedwitha W/C multilayerwhichenables
themto focusand monochromatethe whiteradiationbeamfrom anALS bendingmagnetport.

Elementalanalysisusinga synchrotron-basedfluorescentx-ray microprobeprovideshighelementalsensitivity,spatial
resolutionapproaching1 _m2 and theabilityto examinesamplesin a varietyof environments.Elementscan be
quantitativelyand nondestructivelydetectedbymeansof the characteristicfluorescentx raysemittedbythe irradi-
ated sample.The fluorescentx rays are detectedina Si(Li)detectorwhichmeasuressimultaneouslymeasuresthe
Kafluorescencelinesof theelementsK throughZn.The energyof theemittedradiationidentifiesthe elementandthe
intensityis a measureofthe quantity.Additionaldetectionsensitivityfor particularelementscan be gainedbytuning
the incidentx-rayenergy(from3 to 10 keV) to avoidexcitationof the K or L linesof interferingelements.

Beamline Design

The beamline is installedon bendingmagnetport 10.3 of the ALS. It has twoindependentbranchesthatwilleach
providea 2 mrad-widewhiteradiationbeam. One branchlineis dedicatedto routinex-raymicroprobeexperimentand
the otherbranchwillbe usedto testnew experimentalsystems.Onlyone branchline is fullyinstalledat thistime.
Figure1 showsthegeneral designof the microprobeopticalelementsand Figure2 showa layoutof the beam line.
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Figure 1. Schematic view of the fluorescent microprobe focusing mirrors and scanning stage.
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Figure 2. Top view of the CXRO/MSD microprobe beam/ine at the ALS.

Figure 3 shows the front part of the beam line outside the shield wall. Figure 4 shows the end of the beam line the twc
experimental areas. Each area is large to accommodate a wide variety of experiments. They are radiation shielded so,
that the white radiation beam can safely enter the hutch and both branches can operate independently.

Inside the first hutch is a large, computer controlled table on which the experimental equipment is mounted. The
microprobe experiment consists of horizontal and vertical slits followed by an ion chamber, two multUayer mirrors
positioned at 90 degrees with respect to each other, a sample scanning stage and a rear ion chamber. A Si(Li) detec-
tor measures the fluorescent x rays from the sample and an optical microscope is mounted so that it views the front
side of the sample.





The microprobebeam linewasthe firstoperatingbeam lineat theALS.On October4 at 11:34we saw thefirst"light"
fromtheALS.An orangephosphorwas placedjust insidethe hutchsothatthe incidentwhitebeam fromtheALS
wouldstrikeIt.The phosphorwas viewedbya TV camera. Figure5 showsthe brightorangeimage that wasseenthat
nightbymanyof the participatingscientistsandtechniciansthatbuiltthe beam line.Figure6 showsmanyof the
CXRO/MSD personnelwho participatedinthe design,buildingandcommissioningof the beam line.

Inthe fewdaysbetweenthe first lightfromtheALS andtheALSUsers'meetingwe were able to successfullyfocus
the whiteradiationbeam downto a spotsize of 2 l_mx 3 I_mwitha pairof multilayercoatedsphericalmirror.

Conclusions

The excellentbeam emittanceof theALS allowsthefull beamto be demagnifledto a very smallspotsize.A beam
spotsizeof 2 l_mx 3 _tm has alreadybeen producedwitha bandwidthof I keV at I0 keV.When the microprobe
beam lineat theALS beginsfulloperationin 1994 it willprovidethe abilityto simultaneouslymeasurefer,'ttogram
amountsof elementsfromK to Zn. In 1994 we planto installelllpticallycurvedmultilayermirrorsinsteadof the current
sphericalmirrors.This willenableus to achievea spotsize of lessthan I l_m_.

An exampleof an importantapplicationof the x-raymicroprobeis the spatialdistributionof traceelementwithin
ceramicsamples.The structuralcharacteristicsof ceramicsare oftendeterminedbythedistributionof different
particleswithinthe ceramic.The x-raymicroprobewillbe usefulforthe characterizationof particlesize andspatial
distributionof differentelements.These characteristicswillthenbe relatedto the structuralpropertiesof the different
samples.Particularareas thatwillbe studiedincludecleavageinbulkceramicsandceramiccomposites,crack
growthdueto stressorfatigue,and fractureat theceramic/metalinterfacein metal-matrixcomposites.

Figure5. Photographof the"firstlight"outoftheALSthatwasachievedon October4, 1993.



Figure 6. Photograph of members of CXRO/MSD who helped build the microprobe beamline. From
/eft to right P.Batson, K. Chapman,A. Thompson,D. Kemp, D. Chemla, R. Tackaberry,J. Underwood,
P. Ross, S. KI/ngler, T.Swain, M. Fryer, and J. Galvin.



|NTRODUCTION

I am very pleasedto be herewithyouthiseveningbecauseitgivesme theopportunityto pay homageto Paul
Klrkpatrick,one of the importantpioneersin x-rayoptics.In the early 1940's, I benefitedin manywaysfrombeing
his student.I alsodiscoveredthatwe shareda sense of humoras wellas a loveof teachingand of music.

The invitationthat Dr.AlfredSchlachtersentto me read:"Becausetherewillbe non-physiclstsat the dinner,we

wouldappreciatethatyourtalk be suitablefor a lay audience."I thinkthat if I putemphasison anecdotesthat
centeraroundProfessorKtrkpatrick,or PK as hewas fondlyknown,I'm sure I willbeableto dothat.

I sharedwith PK a philosophyof educationbaseduponthe idea thatthe twomostimportantfunctionsof teaching
are to informandto motivatebut thatof the two,motivationisthe moreimportant.And,if inthe processyoucan
alsoentertain,somuchthe better.

PKhad a flairfor thedramaticandthe humorous.He hadgrowna beardwhichhe sportedbecausehe likedit.But
hiswife Mary Rose disi;_edtt andkept urginghimto shave itoff. One mominghecame to breakfastwithhalfof his
beardshavedoff. Hiscommentwas "1compromised."

We bothenjoyedsettingup lecture-roomdemonstrationsto illustratetopicsin physics.Inthe introductoryphysics
course,he woulddarkenthe roomandshow howx raysfrom a medicalx-raytubeproduceda visibleimageon a
largefluorescentscreenof an objectthat interceptsthebeam. He wouldaska womanstudentto lend himher
purse--they carriedsuchthingsinthe 40s--so that we couldall seewhatwas insideof itbycastingitsx-rey
shadowon the screen.

Actually,he had preparedin advanceanotherpurseintowhichhe hadplaceda revolverand, in thedarkened
classroom,he substitutedthispurseforthe onethat hadbeen givento him.Toeveryone'samazementand glee
andthe purseowner'schagrin,theshadowofthe guncouldbe seen insidethe purse. I realizedat oncethat I was
goingto enjoyworkingwiththis man.

THE PROFESSORS RETURN----RESEARCH BEGINS AGAIN

The earlydaysof x-rayopticsat Stanfordwere alsothe earlydaysof nuclearmagneticresonanceunderFelix
Blochwho laterwona NobelPrizeandof the linearelectronaccelerator(nowcalledSLAC) underBillHansen. In
the mid-fortiesthe physicsprofessorswere cominghomefrombuildingbombsat LosAlamosor perfectingradarin
Cambridge,Massachusetts.

I hadcometo Stanfordin the40s to teach a physicscourseintheArmy SpecializedTrainingProgram(ASTP). I

stayedon to continueteaching,studyingfor a Ph.D., anddoingresearchwithPK. I remembergettingpaid35
centsan hourfordoingresearchand scavengingthroughthe junkpile inthe physicsmachineshopfor materialsto
buildour equipment.Therewas hardlyany moneyforresearchbutthere was a lotof pent-upenergyon the partof
investigatorswho wereanxiousto get backto the researchthey had putofffor years.

l ................... I



Kirkpatrick,who hadstayedonat Stanfordas actingheadof the physicsdepartment,haddevotedhis full time
duringthe war yearsto administeflngthe teachingof physicsto a largebodyof studentswhohadenrolledinthe
ASTP program.As soonas thewar was over,however,he movedquicklyto develophis idea foran x-raymicro..
scope.

I had thegoodfortuneof buildingthefistx-ray microscopeas a graduatestudentunderPK.The titleofmy disserta-
tion wasPrinciples of X-ray Optics and the Development of a Single Stage X-Ray Microscope. Tothe bestof my
knowledge,thiswas thefirstuse ofthe termx-rayoDtics.

X rays hadalreadybeen reflectedas grazingincidencefromflatmirrorsbutthe booksstillsaid itwas impossibleto
focusx rays.Kirkpetrtckandothersdidfocus themin severalwaysby reflectionat grazingincidencefromcurved
mirrors,butKtrkpatrickwas the firstto showhowtwo curvedmirrorscan focusx-ray radiationfroma pointsourceto
a pointimage.One mirrorsqueezesx raysfromthe pointsourcedownto a line,but ifthe radiationis allowedto hit
a secondmirrorat rightangles to thefirst,the lineis squeezeddownto a point.An extendedobjectis focusedinto
an extendedx-rayimagewhosemagnificationdependsonlyon geometricfactors.

Kirkpatrickwas one illustratingthisphenomenonat a physicscolloquiumat Stanfordinthe40s byusingvisiblelight
andcylindricallensesinsteadof mirrors.The objectwas an illuminatedrectangularwire mesh.The imageit pro-
ducedon a projectionscreenusinga singlecylindricallensconsistedof a set of parallellines.Kirkpatrickthen
predictedthat,when he introduceda secondcylindricallensintothe beam at rightanglesto thefirst, thecomb la-
ttonof twocylindricallenseswouldbehavelikea singleconvergentsphericallens.There was a flurryof diebJlief
amongthe membersof the audience,whichincludedat leastonefutureNobelPrizewinner.Kirkpatrickp_used,to
heightenthe interestofthe audience.When he introducedthe secondcylindricallensintothe beam,a clear en-
largedimageof the entirerectangularmeshappearedon theprojectionscreen.The audienceapplauded.

NEW LIGHT, NEW KNOWLEDGE

I used to do a classroom demonstrationwithwhatwascalled blacklight.It wasactuallyan electriclightbulbwitha
darkglassenvelopewhichdid notlet muchvisiblelightthroughbutit didput outinvisiblenear-ultravioletradiation.If
youturnedthe room lightsout andshonethe blacklightona student'steethand nails,youwouldsee themfluo-
resce.They litup underthe ultraviolet.

I tookit homeone nightbecauseI was havingsomestudentsoverfor a partyand I wantedto havesomefun.In the
darkened room,we sawthat a student'steethlitup brilliantlyunderthe ultraviolet,but he seemedto haveonof his
frontteethmissing.When we turnedthe roomlightson, we saw thathe hada falsetooth.It didnot fluoresce.I
exclaimed:"New light,new knowledgel"Thatwas preciselythe point.And that iswhyyourAdvancedLightSourceis
so important.Itsnew and powerfulinvisiblelightwillsurelybringforthnew knowledge.

Ayoungwomanarrivedlate at the party.She heard aboutthe demonstrationsfromthe otherstudents.She said:"1
read somewherethat diamondsfluoresceunderultraviolet.I'vejustgottenengagedand rd liketo lookat my ring
undertheultravioletlight.We dimmedthe roomlights.She put her ringunderthe ultravioletlamp.It didnot fluo-
rescelNew light,new knowledgel

There may nothave been moneyfor researchinthosedaysbutthere _ excitementlI rememberclearlyhow
excitedI was when I watchedthe imageona fluorescentscreen,ina darkened roomand withdark-adaptedeyes,
of x rayswhichhad been reflectedat grazingincidencefroma flatplate of glass.As I turneda screwwhichoper-
ated a devicethat curvedthemirror,I observedthefocusingeffectwhichit produced.EurekatI had focusedx raysl
Soonwe wereusinga pairof mirrorsat rightanglesto oneanotherand obtainedenlargedtwo.dimensionalx-ray
imagesoftwo-dimensionalobjects.We hadthe makingsof an x-raymicroscopel

i¸ i
i



Beforelong,PKobtainedfinancialsupportfromthe ResearchCorpomtlonand manyothergraduatestudentsfol-
lowed: Jlm McGee whodesignedandbuiltcomplexmulti-mlrrorsystemsto correctaberrations,and LeonardRieser
whousedgrazingincidencereflectorsto focusneutrons.There were manyotherslikeHowardPatteeand Ralph
Wuerkerwhosecontributionsescape my memory.

If youwantmorethan anecdotesaboutthe eadydaysof x-ray optics,however,youmustreadthe reportof the first
IntematlonalSymposiumonX-ray Microscopyand Micromdiogmphywhichtookplace inCambridge, Englandin
1956. It hadbeen sponsoredbythe IntematlonalUnlonof Pure andAppliedPhysicsandorganizedwith financial
supportfromUNESCO--two organizationswhichwouldplayan importantrole inmy professionallife lateron.

In Cambridge,we learned thatthere wasa lotgoingon worldwidein the fieldwe nowcallx-my optlcs.PK andDennls
Gabor met forthe firsttime.Several of PK's studentsbesidemyselfalso attendedand reportedon ourwork.We met
CoselettandNixonof Cambridgewhohad designeda marvelousx-ray sourcewithan extremelysmallfocalspot. In
short,it was an excitingexperiencewhichI do nothave the time to descrlbe.

THE IMPACT OF HOLOGRAPHY

Instead, let me talk aboutan inventionwhichhada strongInfluenceon thedirectionwhichPK'sresearchwouldtake.
This washolographyinventedby DennisGabor,His seminalpaperwas publishedin 1948, thesame year thatthe
firstpaperon the grazingincidencex-ray microscopewas publishedinthe Journalof theOpticalSocietyofAmerica.
PKsensedthat holographymightopena door foranotherapproachto x-ray microscopywithoutmirrorsor lenses.
Gabor hadactuallymadewhatwe nowcallanon-linehologramwitha pointsourceof lightand a filterto provethe
feasibilityof holographywhichhe hopedto use to improvethe electronmicroscope.

PKsent his graduatestudentHussetnEl-Sumto studyGabor'spaperandto reproducehisexperimentsinorderto
understandholographyforthe purposeof exploringthe possibilityof usingitfor imageformationwithx rays. EI-Sum's
dissertationwas thefirstseriousexperimentalandtheoreticalstudyof holography.He was besiegedbyrequestsfor
reprints.It became,ineffect,the basichandbookon holographybeforethe inventionof the laserandthe contribu-
tionsof Leithand Upatniks.

After Stanford,I went to teach atthe Universityof Redlands,a smallliberalarts collegewithnotrackrecordin
scientificresearch. Butthe ResearchCorporationurgedme to considerdoingresearchon holographyand x-ray
opticswithundergraduatesandthey awardedme a smallgrant. I got muchpleasureout of workingwithundergradu-
atesduringthesummervacations.I havesincebeen a strongadvocateof researchdonebyundergraduates.

At Redlands,I too becameinterestedin makingan x-rayon-linehologramand realizedthat itssuccessdependedon
havinga very smallpointx-ray source.Mindyou,thiswasten years beforethe inventionof the lightlaserandthirty
years beforethe developmentofan x-raylaserso we werestillthinkingin termsof on-lineholography.

Cosslettand Nixonofthe Universityof Cambridgein Englandhaddesignedandbuiltan x-raytube whosefocalspot
wasabouta micronindiameter,so I convincedthe NationalResearchCouncilto payfor a travelgrantto bringNixon
to Redlandsto workwithme andwithEl-Sumwhowas alsothere.

If we hadunderstoodspatialandtemporalcoherencebetter,we wouldhaveknownthata onemicronx rayfocalspot
was stillmuchtoo largeto producean on-linehologramwithradiationwhosewavelengthwasaboutten angstrom
units.Butthe Cosslett-Nixontubeproducedbeautifulpointprojectionx-rayshadowpicturesof remarkableclarityand
resolutionandwe made manyof these. Itwas an x-raymicroscopeof sorts.

I made manyGabor-stylehologramswithvisiblelight.They alwaysexhibiteddiffractionpatternsconsistingof concen-
triccircularbands.In fact,the hologramof an infinitesimallysmall dustspoton a glassplateturnsoutto bea Fresnel
zone platepattern.This is easy to proveexperimentallybecausethe successivecircleswhichare the boundariesof
the bandshaveradiithat increaseas the squarerootof the integers.In fact,G.L. Rogersin Englanddeviseda



theoretlcaiexplanationof on-lineholographywhichis basedonthe idea thata hologramisa complexpatternof
Fresnelzones.It givesverygoodquantitativeresultsand a wonderfulneuristicexplanationof holography.

THE FRESNEL ZONE PLATE FOR X-RAYS

Seeingallthosecircularfringesinthe eadyhologramsled me to considerthe possibilityof producinga single
Fresnelzoneplateof focusx rays.Around1959 the techniquesof makingmetalmasksby usingphotoresistand
electrodepositionwas wellestablishedand itsuggestedto me that,If I drew a zoneplate patternon a piece of paper
andaddedsome radialstruts,the resultingmetalmaskwouldbe self-supporting.

I obtainedfinancialsupportfrom ProfessorWhippleat the SmithsonianAstrophysicalObservatoryinCambridgeto
producea zone platethat couldfocusx rays.I then gotthe BuckbeeMearsCompanyin Minnesotato dothisfor me
andwe endedup witha goldmetallicFresnelzoneplatewhichwasself-supporting.Itsopenbandsweretransparent
to radiationof allwavelengthsbecausethey wereempty. Itsopaque bandscouldstopsoftx rays becausetheywere
madeof gold.

i was workingina hurrybecauseI hadalreadyaccepteda postwithUNESCO in Paris.Forlack of an x-raysource,I
testedthe zone platewithan ultravioletsource.Itworkedaccordingto predictionsso I knewit wouldworkwithall x-
raywavelengthsthat couldbe stoppedbythegoldbands.To thebest of my knowledge,thiswas thefirstFresnel
zoneplatecapableof focusingx rays.

I immediatelysubmitteda letterto Nature announcingour results.I thensubmittedan extendedpaperto theJoumal
of the OpticalSociety ofAmericaandI reada briefpaperon thesubjectat a BostonMeetingof the OpticalSocietyof
America---allof thisjustbeforeleavingfor UNESCO in Paris.I laterlearnedthat Gaborhad been a refereeon my
letter to Nature.

NESTED MIRRORS-----THE VENETIAN BLIND CONFIGURATION

The othercontributionI made whileat the SmithsonianAstrophysicalObservatoryin Cambridgewas to explorethe
possibilityof increasingthe fluxthat canget througha grazingincidencex-rayimageformingdevice. Imaginethat
youhavenot onehorizontalmirrorbut a set of parallelmirrorsnestedina venetian-blind-likeconfigurationso thata
parallelbeam of x rayshitsall of themat grazingincidence.Thenimagineanothernestedset beyondthe firstbutat
rightanglesto itandyou havea grazingincidencex-raymicroscopeor telescopewithhighthroughput.

I tried itfirstwithflatmirrorsto illustratethe ideaand laterwithcurvedmirrorsto improvethe resolvingpowerof the
instrument.It wasreportedinthe Journalof GeophysicalResearchbecauseof itspotentialuseas an x-raytelescope
andthat may havebeen a badchoicebecauseitwas probablynot readby the practitionersof x-rayoptics.Tothe
best of my knowledge,thiswas thefirstuseof suchpairsof nestedarraysof mirrorsforgrazingincidencex-ray
imageformationdesignedfor highthroughput.Today,they are incorporatedinthe plansforthe so-calledLAMAR-x-
raytelescope.

To my delight,then,approximately40 yearsafter PK's initialcontributionto x-rayoptics,I readthe citationinthe
1991 SPIE DennisGaborAwardwhichreads:"TodayKirkpatrick-Baezx-raymicroscopesare routinelyemployedat
laserfusionfacilities.The Kirkpatrick-BaezLAMARx-raytelescopehas been approvedforflighton the FREEDOM
Space Station."

l................l



RECENT DEVELOPMENTS

I am, of course,in awe of the developmentsthat havetaken place inx-ray opticsinthe interningyears.CegUohas
describedthem well inthe firstissueof thenew Journal of X-Ray Science and Technology inan articlecalled"Revo-
lutioninX-Ray Optics."

Some ofyou mightbe curiousas to why I didnotcontinueworkingin thispotentiallydynamicfield.I guessthe main
reasonwasthat it was not recognizedimmediatelyas potentiallydynamic.There wereno jobsconnectedwithit.
Academicphysicsdepartmentswere not supportingit--witness StanfordimmediatelyafterKirkpatdck'sretirement.

I continuedteachingandworkingwithgroupslike the PhysicalScienceStudyCommittee(PSSC) whichgotstarted
inthe late50s at MIT underJerroldZacahrias.When SputnikwaslaunchedZacah,ias obtainedfundsfora vigorous
activityto improvetheteachingof highschoolphysicsin the U.S. I joined hisgroupand becamethe studiophysicist
duringthe productionof its firstten films.

Later,onthe basisof myexperiencewithPSSC, I wasinvitedbyUNESCO to cometo Paristo establisha new
divisionwhoseobjectivewasto improvetheteachingof the basicsciencesworld-wide;especiallyinthe developing
countries.

So I spent6 years in ParisgeneratingPilotProjectsto developnew toolsfor teachingand learningscience.We

_tartedonenew PilotProjecteverytwoyears. First,PhysicsinLatinAmerica;next, ChemistryinAsia; then,Biology
_nAfrica;and finallyMathematicsintheArabStates.

Sincemy researchexperiencegotstartedrelativelylate--I was already36 when I receivedmy Ph.D,--the yearsflew
by inteaching,curriculumreform,andthe productionof teachingfilmsand suddenlyitwas timeto retire.So i retired.

Or didI? It has been a peripateticretirement.Duringthe past 15years, I havebeen lecturingsporadicallyin many
countriesaroundthe world.Morethan tenyearsago, I was askedif I wouldbewillingto cometo Irelandas a Tyndall
lecturerto deliverlectureson holographyinfive Irishuniversities.I said, "justwave a pre-paidticketin frontof me
andsee whathappens."As a result,I havetraveledall overthe worldinmy retirement.I havethree engagements
alreadyfor 1994. One isin thecityof Pueblo,Mexicowhere I wasborn.So youcan imaginethe fun I am having
seekingmy roots.

It'sa pleasureto be here. I feel likeRipvan Winkle.I am delightedto see thatyou havedevelopedthissophisticated
and powerfulnew lightsource.I congratulateallthosewhowere involvedinits inventionand itsconstruction.I have
no doubtthat itwillgeneratenew knowledgebeyondourexpectations.



The presentstate in high-resolutionspeczroscopywith the SX700/ll monochromatoroperatedby the Freie
Universit_.tBerlinat the BerlinerElektronenspeicherringfor Synchrotronstrahlung(BESSY) is reported.This in-
cludesbothinner-shellphotoabsorptionstudiesof atoms andmoleculesas wellas photoemissionstudiesof rare-
earthmaterialsin the photon-energyrangefrom--40 to ---900 eV.In addition,the recentlydiscoveredlargemag-
neticcirculardichroism(MDC) in4f photoemissionfrom magnetizedrare-earthmaterialsisbrieflydiscussed.

The SX700/II beamlineis basedon a plane-gratinggrazing-incidencemonochromatorwithoutentranceslit,posi-
tionedat a bendingmagnet of BESSY.Itscentralopticalelement isan ellipsoidalmirrorthat focusesthe sourceof
radiationontothe exit slit.ManufacturedbyCarl Zeiss, Oberkochen,the monochromatorwas graduallyoptimized

byMichaelDomkeand is presentlyoperatedwitha high-precisionellipsoidalmirrorwithanangle-tangenterrorof
_ 0.65 arcsec, a 2442 I/mmgrating,andexitslitswithwidthsas smallas 5 l_m.Witha singlegrating,highresolu-
tioncan beobtainedinthe wholephoton-energyrangefrom-=40 eV to --900 eV.1

The presentlyuniquefeatures of the SX700/II beamlineare expressedinthe photoionizationspectraof He inthe
double-excitationregionfrom= 60 eV to -- 78.3 eV.The three E1-allowed1poRydbergseriesconvergingto the
secondionizationpotential,IP2,of He representan optimumtest for resolutionand fluxaround65 eV. Rydberg
statesupto n = 20 couldbe resolvedfor thestrongest"+" series inthe nomenclaturebyLins,andtheextremely
narrowandweak resonancelinesof the long"hidden" (2p,nd)lPo-series(1(-1,0) °) werewell resolvedupto n - 8.3

Similardetailedspectracouldbetaken for the 3(1,1)+ , 4(2,1)+, 5(3,1)+, and 6(4,1)+nseries,1'4as wellas forthe

strong-interferenceregionof the 7(5,1)+, 8(6,1)+,,and 9(7,1)n+ seriesupto the 10(8,1)_o state.Anomaliesin line

widths,peakamplitudes,and Fanoprofilesdue to interferenceswerestudiedin detailfor the N = 5 and6 reso-
nances,4andcomparedwith recenttheoreticalresults.88

Furthermore,inner-shellphotoionizationwasinvestigatedfor a seriesof smallmoleculesinthe gas phase.Fromthe
vibrationally-resolvedcore-excitationspectrataken at the K-thresholdsof F,C, N, andO andthe L-thresholdsof S,
informationon energiesand splittingsof unoccupiedorbitals,on core-holedecay rates,on structuralparametersof
thecore-excitedmoleculesas wellas on vibroniccouplingare obtained.We refer to two recentPh.D.-thesissolely
basedon data fromthe SX700/II 4.9as wellas to a seriesof publications.1°15

Inthe secondpartof the talk,we reportedon recentprogressin softx-rayphotoemission(PE) fromsolids,in
particularfromrare-earth materials.Employinga high-resolutionhemisphericalelectronanalyzer(fromLeybold-
Heraeus,LH-EA11at the SX700/II beamline4d-_ 4f resonantPE witha total-systemresolutionof 25 meV (FWHM)
has been achieved.1BThis allowsa directstudyof the 4f-electronicstructureof Ce and itscompoundsinthe bulk
and atthe surface lels as well as new insight into the low-energy excitations of these highlycorrelatedelectron

systems.In addition,surface core-levelshiftsof 4f levelsas wellas d-likesurfacestateshave recentlybeenstudied
withhighprecisionfor well-orderedclose-packedsurfacesof rare-earthmetals._9'2°The surface core-levelshifts
were foundto be bya factorof _--2 smallerthanthe experimentalandtheoreticalvaluesinthe literature.Bycompar-
ingthesurface core-levelshifts of electron-removal4f states(obtainedbyPE) withthoseof electron-addition4f
states(obtainedinversePE2°.21),a separationof surfacecore-levelshiftsintoinitial-stateand final-statecontribu-
tionscouldbeachieved.2°



Finally, the recent discovery of large magnetic circular dichroism in 4f PE (MCD-PE) from ferromagnetically ordered
rare-earth metals (Gd, Tb) is briefly discussed,z_,_3The MCD-PE asymmetries were found to be as large as 67% in case
of TBFe2 at T = 110 K. Since the MCD-PE effect can be quantitatively described by atomic calculation._in these highly
localized systems,24it can also be applied to determine the degree of circular polarization of soft x-ray beams over a
wide photon-energy range from ___-40 eV up to several thousand eV. As shown for remanently-magnetized Tb(0001)
metal grown on W(110), the MCD-PE effect in conjunction with a well-resolved surface-shifted 4f signal offers new
possibilities for the study of surface magnetism. The bare magnitude of the MCD-PE effect promises interesting per-
spectives for magnetic surface microscopy.

This work was supported by the Bundesminister fQr Forschung and Technologie, project 05-5KEAXI-3, TP01 + TP03,
and the Deutsche Forschungsgemeinschaft, SfB-290/TP06.
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The new high brightnesssynchrotronradiationsourcesopenup many new interestingpossibilitiesfor applyinghigh
resolutionsoftx-rayemissionspectroscopy(SXES) to the studyof variousproblemsin materialsscienceand
molecularphysics?Softx-rayemissionspectroscopyoffersa uniquemeansto obtaininformationaboutthe chemi-
cal stateof atomsinbondedsystemsdue to the simultaneousinvolvementof bothinnerelectronsandthe valence
electrons.This allowsthe localelectronicstructureto bestudiedintermsof separatedsymmetryresolvedcontribu-
tionsfromdifferentatomicspeciesto the valenceband.

Apartfromthe highbrightnessofferedbysynchrotronradiationsourcesandwhichmakessoftx-ray fluorescence
feasibleat all, the selectivitywithrespectto bothenergyand polarizationof theexcitingphotonsprovidedbysyn-
chrotronradiationrefinesthe inherentinformationpotentialfurtherand addsnew meansto obtaindetailedknowl-

edge aboutthe electronicstructure.This allowsfor instancethe interactionsof moleculesbondedto a surfaceto be
investigatedindetail,sinceonecan separatethe contributionsfromthe molecule'selectronsfromthe substrate
derivedcontributionto the valenceband (the latterisoftendominatingin photoemissionspectra)?In non-isotropic

systemslikeadsorbateoverlayers,the polarizationand angularaspectsof the experimentare essential,and itis
indeedfeasible to extractthedirectionalcomponentsof the orbitalsof a bondedmoleculeby fullyutilizingthese

parametersof variation.In thisway onecan get detailedinformationaboutthe hybridizationinthe bondingof a
chemisorbedsystem.

Studiesof chemicaland physicalprocessesat surfacesare vital forthe understandiqgof manytechnicallyimportant
chemicalprocesses,and manydifferentmethodsare appliedinsuchwork.The abilityof softx-rayemissionspec-
troscopyto separatethe differentatomiccontributionsto thevalenceelectronicstructureof molecule-metalbonds
has been demonstrated,andof particularinterestis the possibilityofferedbySXES of studyingan interfaceof a
solidand a gas underrelativelyhighpressure,somethingwhichis generallyimpossiblewithmanyof the commonly
appliedmethods.This allowsoneto studysystemsof highertechnicalrelevance,and itoffersa new meansto
obtainknowledgewhichisessentialforenvironmentaltechnologyand processindustry.

It has been shownthat onecan use softx-rayemissionto monitorreactivedepositionprocessesin situ and inreal
time? This openspossibilitiesintechnicalapplicationswhereonewantsto monitorindetailthe growthof a film.One
examplepresentlysubjectto experimentsisCVD depositionof diamondfilms. We have foundthat dueto resonant
inelasticprocessesthe detailedorderingof thecarbonatomsina diamondfilmin a sensitiveway affectsthe x-ray
emissionspectrum.4This isthe basisforthe attemptedmethodto useemissionspectroscopyto make in situ
characterizationof a growingdiamondfilm.

The inherentselectivepropertiesof soft x-ray emissionallows one to obtain partial densityof statesprojectionswith
respect to different atomic species of a multi-compound sample. With monochromatized photon excitation one can
also obtain site specific information (for the same atomic species) due to the tunability of the excitation. This has
been applied to studies of superconducting cuprates, where the effect of hole doping has been revealed in terms of
site selection and orbital symmetry character.5The latter information has been obtained by, in addition, conducting
angular resolved studies and making use of the linear polarization of undulator radiation.



Magneticcirculardtchroismin x-rayabsorptionspectrahas rapidlygrownto a widelyspreadmethodto studymagnetic
propertiesof matter.In a recentexperimentcircularlypolarizedandenergybandpassedphotonswereusedto excite
softx-ray fluorescencefroma magneticsample inorderto studymagneticcirculardichroismin emissionspectra.The
resultsshowedthat onecan indeedusethismethodto obtainnew informationabouttheelementspecificgroundstate
magneticpropertiesof multi-elementmagneticstructures,also forburiedmagneticlayers.Furtherexperimentsalso
showedthat interfacelayerscan be distinguishedfromthe bulk,whichhas importantimplicationssinceone hasob- i
servedthatextrememagneticpropertiescan appearat interfaces.
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Sumrulesarederivedfor linearand circulardichroisminthe x-rayregion.They relate the integralof the dichroic
signal,over a singlepartnerof a spin-orbitslipedge, to the groundstateexpectationvalueof effectiveoperators
(orbitaland spindependentmoments),allowingfor a simpleinterpretationof theobservedspectra.Applications
are discussedto transitionmetals,rare earth, and actinides.



Purpose

A new programwillbe initiatedat the LawrenceBerkeleyLaboratory(LBL)to exploreapplicationsof synchrotron
radiationat LBL'sAdvancedLightSource (ALS) inchemicaldynamics,whichencompassesall phenomenainwhich
moleculesundergoenergeticorchemicaltransformationsandto providetheexperimentalfacilitiesneeded forthe
exploration.The ALS willbe used as a photo-analysissourceto producehighyieldsof vacuumultraviolet
photoionizedproducts.If operatedinconjunctionwithpowerfullasers,the LightSourcewilladditionallybea powerful
toolforthe studyof chemicalprocessesinducedbymultiphotonabsorption.Itstime structurepermitthe studyof
ultrafastprocesses.Thesestudieswillculminatein researchto determinethe microscopicdetailsof the mechanisms
and dynamicsof primarydissociationprocessesand elementarychemicalreactions;to explorethechemistryof
moleculesexcitedto a Rydbergstateor to othersuperexcitedstates;to studythestructure,energeticsandchemical
reactivityof highlyreactivepolyatomicradicalsand unusualtransientspecies;to probethe natureof inter-andintra-
molecularenergyrelaxation;andto searchfor bond-selectivemeansto modifyandmanipulatechemicalreactivity.

Approach

The experimentalapproachinvolvescombininga synchrotronradiationsource,lasers,molecularbeams,and
molecularand spectroscopicdetectiontechniquesto carry outthe proposedresearch.TheALS U8.0 undulator
beamlinewillbe modifiedand a new branchlineconstructedto delivera highintensity(10is photons/sec),lowresolu-
tion(2.5%) VUV beamfor selectivephotoionizationand productdetectionin primaryphotodissociationand
photofragmentationstudies.This branchlinewill featurea differentiallypumpedgas filterto suppressunwanted
ordersof the undulatorradiation,and toroidalmirrorsthatfocuses the synchrotronlightto a spotof ~ 100 l_m.The
abilityto focus a smallspotsize is a specialcharacteristicof undulatorradiation.It willleadto highlyimprovedmass
andenergyresolutionin ionandelectrondetectioninthe proposedexperiments.

Standardlasersin the IR, Visible,and UV,andspeciallyfabricatedhigh-power,high-resolutionlasersinthe mid-IR
and VUV willbe usedin conjunctionwiththeundulatorbeamlineto carry out pump-probeand state-to-stateselective
dynamicsexperimentsthroughoutthe opticalregionof the electromagneticspectrum.

The Chemical Dynamics Beamline

1. Designandfabricationof branchlineat theALS U8,0 undula.torbeamline. It is necessary to modifythe
existingU8.0 beamlinesothat VUV photonscan be deflected, filtered,and refocusedintothe molecular
beam chamber.A new toroidalmirrorand associatedvacuumchamberwillbe insertedas the deflectorthat
alsoservesto squeeze the photonbeamthrougha differentially-pumpedhigh-ordersuppresser.This high-
ordersuppresseris used to absorbunwantedhighenergyphotonsthat are foundinabundanceinthe
undulatorbeam.A secondtoroidalmirrorthen recollimatesthe beam to a cross-sectionof the order of
100 I_mx 0.5 mm locatedat the detectorionizationregionor at the pointwhere twomolecularbeamscross
inthe samplechamber.The VUV beam isthen sent througha normalincidencemonochromatorto provide



lirjhtfor experimentsthat requirehigherresolutionthanthe tmdulatorcan produce.The U8.0 undulatorwill
b,3replacedbya 10-cm periodundulator(Ul0) at the firstshutdownin 1995. This beamlinewill be opti-
mizedfor photonenergiesinthe 5-30 eV rangeidealfor probingchemicalinteractions.

2. Designandfabricationof molecularbeamexperimentalstation.Two stationsare planned.One willbe
designedfor experimentsrequiringthe highestavailableVUV fluxes andone willbe for experimentsthat
need to utilizehigherresolutionthanthe 2.5% bandwidththat the U8.0 undulatornormallyprovides.It is
anticipatedthat the majorityof experimentswillfall inthe formercategory.

The firststationwillbea universalrotating-sourcecrossed-molecular-beamapparatusdesignedto usethe ALSas a
photoanalysissource.The tunableoutputfromthe U8.0 undulatorwillbe useddirectly,withoutadditionalfrequency
filtering.The apparatuswillbe designedforstudyingprimaryphotochemicalprocessesanddynamicsand reactivity
of polyatomicmolecules,ionsandclusters,usingphotofragmentationtranslationalspectroscopy.The ALS beamwill
be shapedandtransmittedthroughthe ionizerregionof the conventionalTOF massanalyzerandservesto ionize
photodissociationproducts.This uniqueapproachis advantageousfor productdetectionbecauseit providesboth
improvedspeciesselectivityand reducedbackgrounddetection.Altematively,for certainexperiments,theALS
beamwillbe directedto the molecular-beamsinteractionregionto be usedas anexcitationsource.In thiscase, an
electronimpactionizerwillbeused inthesame TOF apparatus.Differentialpumpingwillbe employedextensively
to protectagainstsystematicand accidentalcontaminationof thesynchrotronbeamlineandstorageringapparatus.

[

Experiments that requirea higherresolutionthanthe 2.5% bandwidththat the LI8.0and Ul0.0 undulatorscan
providewillbe performedina secondstation.The ALS beamexitingfromthe firststationwillbepassedthrougha
1-m normalincidencemonochromatorto obtaina 100-foldimprovementinwavelengthresolution.This
monochromatizedbeam willbecollimatedanddeliveredto a molecularbeamapparatus.The apparatuswillbe
"conventional"indesign,equippedwitha TOF massspectrometeranda zero-electron-kinetic-energy(ZEKE)
spectrometer.Since thisstationwillbe locatedfurther downstreamfromthe storagering,the vacuumprotection
requirementswillbe lessstringent.This stationwillbe particularlyusefulforstudyingVUV andIR spectroscopyof
superexcitedmolecules,free radicals,andothertransientspecies.

Molecularsourcechambersfor generatingradicals,ionsandclusters,bothCW and pulsed,willbe constructedto
be usedat bothstations.Oil-freevacuumequipmentwillbeemployedfor all chambers.Tunablelasersfor pump-
probeexperimentswillbe included.

This workwassupportedbythe Director,Officeof EnergyResearch,Officeof BasicEnergySciences,Chemical
SciencesDivision,of the U.S. Departmentof EnergyunderContractNo. CE-AC03-76SF00098.



Wednesday Evening. October 20:

6:00 - 8:00 p.m. Registration:ShattuckHotel

Thursday. October 21:

Scientific O000rtunlUes st the ALS
(Chair:FrancoisWuilleumier,Universityof Paris)

8:30 - 8:45 Welcome C.V. Shank,Director,LBL

8:45 - 9:30 Overviewof theALS B.M. Kincaid,Director,ALS

9:30 - 10:00 The ALSintothe 21st Century D.A. Shirley,PennsylvaniaState
University

10:00 - 10:30 BREAK

10:30 - 11:00 Reportfromthe DOE W. Oosterhuis,DOE/BES

11:00 - 11:30 ScientificProgramat theALS N. Smith,ScientificProgramHead, ALS

11:30 - 12:00 IndustrialOpportunitiesat theALS G.H. Dahlbacka,TechnologyTransfer
Department,LBL

12:00 - 14:00 p.m. BoxLunch,VendorExhibit,Tour Building6

Workin9 at the ALS and Microscooy
(Chair:BenFeinberg,ALS)

14:00 - 14:45 ExperimentalFacilities H. Padmore,Leaderof Experimental
SystemsGroup,ALS

14:45 - 15:15 ALS User Program A.S. Schlachter,Leaderof User LiaisonGroup,
ALS

15:15 - 15:30 WorkingSafely at theALS G. Perdue,EH&S Safety Rep., ALS
15:30 - 16:00 BREAK

16:00 - 16:45 Micromachining R. White,Universityof California,
Berkeley

16:45 - 17:30 X-Ray Microprobe A. Thompson,Center forX-Ray Optics,
LBL

17:30 Adjourn

19:00 - 19:30 Reception Hong KongEast Ocean SeafoodRestaurant

19:30 ConferenceBanquet Speaker: Dr.AlbertV. Baez
Subject:"The Early Daysof X-Ray Optics"



Friday, October 22:

S_ros©oDy
(Chair:PteroPtanetta,SSRL)

8:30 - 9:00 XSW (X-Ray StandingWaves)and G. Matedik,HASYLAB/SSRL
XPS (X-Ray Photoemission)inthe
SoftX-Ray Region

9:00 - 9:45 High-ResolutionSpectroscopy G. Kaindl,FreleUniversitatBerlin

9:45 - 10:30 Soft X.Ray Emission J,E. Nordgren,Universityof
Uppsala

10:30 - 11:00 BREAK

11:00 - 12:00 ALS DedicationCeremony Building6

12:00 - 13:30 p.m. BoxLunchandPRT Meetings

Maanetic¢ircularDlchrolam,Chemlc_lPynamics.Biolooy
(Chair: Phil Heimann, ALS)

13:30 - 14:15 MCDTheory P.Carra, ESRF

14:15 - 15:00 X-Ray MCD of Metalsand Biology StevenCramer,Universityof
California,Davis;LBL

15:00 - 15:30 BREAK

15:30 - 16:15 ChemicalDynamics Yuan Lee, Universityof California,
Berkeley

16:15 - 16:45 User Meeting D. Ederer,Chair

16:45 Adjourn



Harstd Ada Philip J. Batson Retnhard F. Bruch
Department of Physics Lawrence Berkeley Laboratory Department of Physics
North Carolina State University Center for X-my Optics, 2-400 University of Nevada Reno
Raleigh, NC 27895-8202 Berkeley, CA 94720 Reno, NV 89557

Jim Ahn jonathan D. Backer Jerry J. Bucher

Department of Physics Lawrence Berkeley Laboratory Lawrence Berkeley Laboraton/
Univemlty of Michigan MS 50F MS 70A-1150
Ann Arbor, MI 48109 Berkeley, CA 94720 Berkeley, CA 94720

David E. Andrews H. F_uI Beguirtatain Renyuo Caio
Oxford Instruments Lawrence Berkeley Laboratory Stanford Synchrotron Rad. Lab
800 Milik Street Center for X-my Optics, 2-400 P.O. Box 4349, MS 89
Carteret, NJ 07008-0429 Berkeley, CA 94720 Stanford, CA 94309-0210

Joy C, Andrews John W. Bender Thomas Callcot
Lawrence Berkeley Laboratory Rocketdyne Department of Physics
CalvinLab 2511C Bmadbent Parkway, NE University of Tennessee
Berkeley, CA 94720 Albuquerque, NM 87107 401 Nielsen Physics Bldg.

Knoxville, TN 37996

Joseph F. Antognini Nora Berrah Denise Caldwell
Universityof California,Davis Physics Department Department of Physics
TB-170 Western Michigan University University of Central Florida
Davis, CA 95616 Kalamazoo, MI 49008 Orlando, FL 32816-2385

ArayaAsfaw Arthur Bienenstock Katherine M. Cantwell
Physics Department Stanford Linear Accelerator Center Stanford Synchrotron Rad, Lab
Tulane University P,O. Box 4349, MS 69 P.O. Box 4349, MS 89
New Orleans, LA 70118 Stanford, CA 94309-0210 Stanford, CA 94309-0210

David Attwood Jeffrey Bokor John A. Carlisle
Lawrence Berkeley Laboratory EECS Department Lawrence LiverrnoreNational Lab
Center for X-my Optics, 2-400 Universityof California, Berkeley P.O. Box 808, L-370
Berkeley, CA 94720 Cory Hall Ltvermore, CA 94550

Berkeley, CA 94720

Albert Baez Reid A. Brennen Paolo Carra
58 Greenbrae Boardwalk Berkeley Sensor & Activator Center ESRF
Greenbrae, CA 94904 497 Cory HL,II B.P 220

Berkeley, CA 94720 Grenoble, Cedex, France F.3804

Susan H. Barr Chris Brion George Castro
Advanced Photon Source Department of Chemistry IBM Almaden Research Center

ArgonneNational Laboratory Universityof BritishColumbia 650 Harry Road
9700 South Cass Avenue 2036 Main Mall San Jose, Ca 95120
Argonne, IL 60137 Vancouver, B.C., Canada VST lZl



1
i

F_nco Centrta AngelsCraig AlbertE. Evanl
Dept.of Electrical& C-omp.Eng. CharlesEvln_ & Auodetel U.S. Departmentof Energy
UnivemlWofWisc(msin 301 ChesapeakeDrive BasicEnergySciences
1425 JohnsonDrive RedwoodCity,CA 94063 ER-13,GTN
Madison,Wl 5370e Washington,D.C. 20545

Kamn L. Chapman JaneC. Cross ChadesS. Fadley
LawrenceBerkeleyLaboratory LawrenceBerkeleyLaboratory LawrenceBerkeleyLaboratory
CenterforX-my Optics,2-400 MS 2-400 MS 2-I O0
Berkeley,CA 94720 Berkeley, CA 94720 Berkeley,CA 94720

Jle Chen GlenH. Dehlbacka Ben Felnberg
AppliedScience Department LawrenceBerkeleyLaboratory LawrenceBerkeleylaboratory
Universityof Caltfomla,Davis MS 90-1070 MS 80-101
Davis,CA 95616 Berkeley,CA 94720 Berkeley, CA 94720

MemosA. Cheney HtrcehlDalmon Xtng.HongFeng
LawrenceBerkeley Laboratory Facultyof EngineenngScience
MS 70A-3307 OsakaUnNersity
Berkeley,CA 94720 Machikaneyarna-cho1-1

Toyonaka,Osaka,Japan 560

K.L. Cheng Marl(E. Daly LuclanoFonda
ChemistryDepartment X-ray instrumentationAssociates Slncmtmne Trieste
Universffyof Missouri.KansasCity 2513 CharlestonRoad, Suite207 Padriciano99
208 SpencerChemistry BiOg. MountainView, CA 94043 Trieste, Italy 34100
5100 Rock,hill Road
KansasCity,MO 64110

JohnW.Q. Chin JonathanD. Denlinger ChalmersFrazer
LawrenceBerkeley Laboratory LawrenceBerkeleyLaboratory SURA
MS 46-161 MS 2-400 1320 - 19th Street, N.W., Suite 8(
Berkeley,CA 94720 Berkeley,CA 94720 Washington,D.C. 20036-1610

Jen-ChangChou NarbehDerhacoblan AnnetteM. Freitas
Coord.Councilfor No,Amer.Affairs LawrenceBerkeleyLaboratory US, Inc.
OfficeinS.F.IScienceDiv. MS 70A-3363 The PruneyardTowerII, Suite40_.
5201 GreatAmericaPkway,#200 Berkeley,CA 94720 Campbell,CA 95008
SantaClam, CA 95054

CarmenCisneros DanDesan FriedmanFmund
Lab.CuemavacaIFVNAM StanfordSynchrotronRadiationLab NASA AmesResearchCenter
DpdoPostal139-B P.O. Box4349, MS 69 MS 239-4
CuemavacaMor.,MX 62120 Stanford,CA 94309-0210 Moffett Field,CA 94035-10(X)

GlynCooper NormanM. Edelstein ToshtroFukutsuka
Departmentof Chemistry LawrenceBerkeleyLaboratory JapanSynchrotronRad. Res. Inst
Univertstyof BritishColumbia MS 70A-1150 KokusaiKouryukaikan7F 6-9ol
2036 MainMall Berkeley,CA 94720 Minatojima-Nakamacl'_iChuo-Ku
Vancouver,B,C., CanadaV6T 121 Kobe, Japan 650

Caro_Corradt DavidEderer DavidC,Gibson
LawrenceBerkeley Laboratory PhysicsDepartment MKS Instruments,Inc.
MS 46-161 Tulane University 3350 ScottBlvd.#4
Berkeley,CA 94720 New Orleans,LA 70118 SantaClara,CA 95054

..................t



RobertM. Gleeiler MalcolmHowells StevenC, frick
LawemceBerkeleylaboratory LawrenceBerkeleylaboratory Lawrence BerkeleyLaboratory
DonnerLab MS 2-400 MS 2-400
Berkeley,CA 94720 Berkeley, CA 94720 Berkeley,CA 94720

A.J. (Butch)Goetz EgonH. Hoyer AlanJackson
• KamanAerospaceCorporation LawrenceBerkeley laboratory LawrenceBerkeleyLaboratory

3480 E. BdtannleDrive,Suite 120 MS 46-161 MS 80-101
Tucson.AZ 85706 Berkeley, CA 94720 Berkeley, CA 94720

EricM. Gulltkson DavidHuber KeithH. Jackson
LawrenceBerkeley Laboratory UniversityofWlsconstn-Madlson lawrence BerkeleyLaboratory
Centerfor X-rey Optics,2,400 SynchrotronRadiationCenter Centerfor X-rayOptics,2-400
Berkeley, CA 94720 3731 SchneiderDrive Berkeley,CA 94720

Sloughton,Wl 53589-3097

KlausHalbach EricA. Hudson JianjunJia
LawrenceBerkeleyLaboratory LawrenceLivermoreNationalLab Departmentof Physics
MS 4_-161 P.O. Box808 Universityof Tennessee
Berkeley,CA 94720 Llvermore,CA 94550 Knoxville,TN 37996

WilliamV. Hassenzahl RussellH. Huebner LotUJochum
LawrenceLtvermoreNatiorlalLab ArgonneNationalLaboratory Lawrence BerkeleyLaboratory
P.O. Box 808, L-843 9700 South Cass Avenue Center tor X-rayOptics,2-400
Livermore,CA 94550 Argonne,IL 60439 Berkeley,CA 94720

MichaelHecht W. Tony Huff Bruce Johnson
JetPropulsionLaboratory Lawrence BerkeleyLaboratory Keller& Gennon
4800 Oak GroveDrive, 302-231 MS 2-300 c/o 1453 MissionStreet
Pasadena,CA 91109 Berkeley,CA 94720 San Francisco,CA 94103

PhilipA. Hetmann David E. Humphrtes Lewis E. Johnson
LawrenceBerkeleyLaboratory LawrenceBerkeleyLaboratory Duke University
MS 2-400 MS 46-161 La Salle StreetExt.
Berkeley,CA 94720 Berkeley, CA 94720 Durham,NC 27708

JohnHepburn ArtonJ. Hunt Glenn E. Jones
Departmentof Chemistry LawrenceBerkeleyLaboratory Lawrence BerkeleyLaboratory
Universityof Watedoo MS 90-2024 MS 2-400
Waterloo,Ontado,CanadaN2L3G1 Berkeley,CA 94720 Berkeley,CA 94720

FranzJ. Htmpsel ZahidHussain AjithKaduwela
IBMThomasJ. WatsonRes.Center LawrenceBerkeleyLaboratory LawrenceBerkeley Laboratory
P.O. Box 218 MS 2-300 MS 2-100
MS 29221 Berkeley,CA 94720 Berkeley,CA 94720
YorktownHeights,NY 10598

RolandHlrsch YasuoIgucht G(_nterKaindl
Departmentof Energy ScientificResearchInstitute Institute1OrExperimentalPhysik
OfficeofHealth& Envir.Research Universityof EastAsia FreieUniverstt&tBerlin
Washington,D.C. 20585 2-1, Ichlnomiya-gakuen-cho Arnimatlee14

Shimonoseki Bedin-Dahlem,GermanyD-1519_=
Yamaquchi,Japan 751

i.................i



Nlkolas Keltsoyannie Young S. Klm Hans Kmpf
Lawrence Berkeley Laboratory Pohang Accelerator Laboratory Lawrence Berkeley Laboratory
MS 70A-1150 P.O. Box 125 Ms 80-101
Berkeley, CA 94720 Kyungbuk Berkeley, CA 94720

Pohang, Korea 790.330

Hlromicht Kamlteubo Bden M. Kincald Manfred O. Kreuse
JaerI-Rikan, SPdng-8 Project Team Lawrence Berkeley Laboratory Oak Ridge National Laboratory
Inst. of Physical Flee. RIKEN MS 80-101 P.O. Box 2008
Honkomagome 2-28-8, Bunkyo-ku Berkeley, CA 94720 Oak Ridge, TN 37831-6201
Tokyo, Japan 113

Seregele Kapltza Lutz Kipp Gary F. Krebe
Institute for Physical Problems Xerox Corporation Lawrence Berkeley Laboratory
2 Kosygina Street Palo Alto Research Center MS 80-101
Moscow, USSR 117334 3333 Coyote Hill Road Berkeley, CA 94720

Palo Alto, CA 94304

Robert L. Kauffman Janos Kirz Jim Krupnick
Lawrence Livermore National Lab Department of Physics Lawrence Berkeley Laboratory
P.O. Box 808, L-473 State Universityof New York MS 80-101
Livermore, CA 94550 X-ray Optics Group Berkeley, CA 94720

Stony Brook, NY 11794-3800

Scot A. Keller Melvin P. Klein Christof Kunz
Lawrence Berkeley Laboratory Lawrence Berkeley Laboratory Institutfor Expedrnental Physik
MS 2-300 Structural Biology, Donner Lab Universitat Hamburg
Berkeley, CA 94720 Berkeley, CA 94720 Kuruper Chausee Hamburg 149

D-2000 Hamburg 50, Germany

Roderich Keller Gordon S. Knapp Yvette Ladd
Lawrence Berkeley Laboratory Argonne National Laboratory
MS 80-101 9700 South Cass Avenue
Berkeley, CA 94720 Argonne, IL 60439

Stephen D. Kevan Kazutake Kohra Stephen S. Laderman
Physics Department Japan Synchrotron Red. Res. Inst. Hewlett Packard Company
University of Oregon Kokusai Kouryukaikan 7F 6-9-1 3500 Deer Creek Road
Eugene, OR 97403-1274 Minatojima-Nakamachl Chuo-Ku Palo Alto, CA 94304

Kobe, Japan 650

Chantal G. Khanmalek Masato Koike Carl Lampert
Lawrence Berkeley Laboratory Lawrence Berkeley Laboratory Lawrence Berkeley Laboratory
Center for X-ray Optics, 2-400 Center for X-ray Optics. 2-400 MS 62-203
Berkeley, CA 94720 Berkeley, CA 94720 Berkeley, CA 94720

Charles H. Klm Frederick Koomanoff Henry D. Lancaster
Lawrence Berkeley Laboratory U.S. Department of Energy Lawrence Berkeley Laboratory
MS 80-101 Basic Energy Sciences MS 46-125
Berkeley, CA 94720 Washington, D.C. 20585 Berkeley, CA 94720

Kwange-Je Kim Jeffrey B. Kortright Gerald Lapeyre
Lawrence Berkeley Laboratory Lawrence Berkeley Laboratory Physics Department
MS 71-259 Center for X-ray Optics, 2-400 Montana State University
Berkeley, CA 94720 Berl(eley, CA 94720 106 AJM Johnson Hall

Bosernan, MT 59715



CarolynA. Larabell RobertH. Marchand David E. Moncton
LawrenceBerkeleyLaboratory Keithley Instruments Advanced Photon Source Project
DonnerLab 1301 ShorewayRoad#127 ArgonneNationalLaboratory
Berkeley,CA 94720 Belmont,CA 94002 9700 South Cass Avenue

Argonne,IL 60439

Tong-NyongLee Steve Marks TomJ. Morgan
PohangAcceleratorLaboratory LawrenceBerkeleyLaboratory WesleyanUniversity
P.O. Box125 MS 46-161 ScienceTower

f Pohang,Korea 790-600 Berkeley,CA 94720 Middletown,CT 06459

MichelleX. Li Gerd Matedik MarioMoronne
BrookhavenNationalLaboratory HASYLAB LawrenceBerkeleyLaboratory
Bldg.535B SSRL DonnerLab
Upton,NY 11973 P.O. Box4349, MS 69 Berkeley,CA 94720

Stanlord,CA 94309-0210

Kevin Liddane KristenS. McCutcheon DmitriMossessian
InstituteSA Universityof Oregon LawrenceBerkeleyLaboratory
60lsen Avenue Eugene, OR 97403 MS 2-300
Edison,NJ 08822 Berkeley, CA 94720

IngolfLindau Wayne R. McKinney Art J. Nelson
StanfordUniversity LawrenceBerkeleyLaboratory NREL, Nat. RenewableEnergyLa
McCulloughBldg.Rm. 320 MS 2-400 1617 Cole Bivd.
Stanford,CA 94305-4055 Berkeley,CA 94720 Golden, CO 80401

DennisW. Lindle DenisMcWhan MasayoshiNishimura
Departmentof Chemistry NationalSynchrotronLightSource JapanSynchrotronRad. Res. Inst.
Universityof LasVegas BrookhavenNationalLaboratory KokusaiKouryukaikan7F 6-9-1
Las Vegas, NV 89154 Bldg. 725B Minatoujima-NakamachiChuo-Ku

Upton,NY 11973 Kobe, Japan 650

RichardA. London MiklosE. Melczer Joseph Nordgren
LawrenceLivermoreNationalLab LawrenceBerkeleyLaboratory Departmentof Physics
P.O. Box808, L-477 MS 2-400 Universityof Uppsala
Livermore,CA 94550 Berkeley,CA 94720 Box530

Uppsala,Sweden S-75121

MichaelS. Lubell Robert H. Mellott SharonR.Oh
CCNY Knight Architects Engineers LawrenceBerkeleyLaboratory
ConventAvenue& 138th Street 549 West RandolphStreet MS 2-400
NewYork,NY 10031 Chicago,IL 60661 Berkeley, CA 94720

DavidL.J. Lunt Werner Meyer-Ilse TetsuyaOkuda
PhotonSciencesInternational,Inc. LawrenceBerkeleyLaboratory ShinkoResearchCo., Ltd.
202 South PlumerAvenue Center forX-rayOptics,2-400 2-11 IwayaminamimachiNada-Ku
Tucson, AZ 85719 Berkeley,CA 94720 Kobe, Japan 657

GaryMagann EdwardMoler MarjorieOlmstead
Kurt J. LeskerCompany LawrenceBerkeleyLaboratory Departmentof Physics
2186 ResearchDrive MS 2-300 Universityof Washington
Livermore,CA 94550 Berkeley,CA 94720 MSFM-15

Seattle,WA 98195



BillOosterhuls PieroPianetta VolkerSalle
U.S. Departmentof Energy StanfordLinearAcceleratorCenter Ctr. forAdv. Microstructures&
Divisionof MatedalSciences P,O. Box4349, MS 69 LouisianaState University
Washington,D.C. 20585 Stanford, CA 94309-0210 3990 West LakeshorsDrive

Baton Rouge, LA 70803

WilliamOrme-Johnson LindaPowers FujioSaito
Departmentof Chemistry UtahState University NEC Corporationi
MassachusettsInst. ofTechnology Centerfor Biocatalysis,Scienceand 34 Miyukigaoka
Bldg. 18-23 Technology Ibaraki-Pref.
48 MassachusettsAvenue Logan,UT 84322 Tsukuba-city,Japan 305
Cambridge,MA 02139

HowardPadmore TobiasReich JamesA.R. Samson
LawrenceBerkeleyLaboratory LawrenceBerkeleyLaboratory PhysicsDepartment
MS 2-400 MS 2-300 Universityof Nebraska
Berkeley,CA 94720 Berkeley,CA 94720 P.O. Box880111

Lincoln,NE 68588-0111

Stephen Palermo AruthurL. Robinson NobuoSasamoto
MKS Instruments,Inc. LawrenceBerkeleyLaboratory JapanAtomicEnergyResearchInst.
3350 Scott Blvd.#4 MS 80-101 2-4 ShirakatashiraneToukat-mura
SantaClara, CA 95054 Berkeley,CA 94720 Ibarald-Pref.

Naka-gun,Japan 319-11

FulvioParmigiani Hugo H. Rogers Fred Schlachter
CISE ARS-USDDA Lawrence BerkeleyLaboratory
viaR.EmiUa39 NationalSoilDynamicsLaboratory MS 2-400
Segrate P.O. Box3439 Berkeley,CA 94720
Milano,Spain 20090 Auburn,AL 36831

W. JorgePearce PhilipN. Ross Ross Schlueter
MaxwellLaboratories,Inc. LawrenceBerkeleyLaboratory LawrenceBerkeleyLaboratory
BrobeckDivision MS 2-100 MS 46-161
4905 Central Avenue Berkeley,CA 94720 Berkeley,CA 94720
Richmond,Ca 94804

GeorgeannaPerdue CarolynRossington DietmarM. Schoeffel
LawrenceBerkeleyLaboratory LawrenceBerkeley Laboratory McPherson
MS 80-101 MS 70A-3363 530 MainStreet
Berkeley,CA 94720 Berkeley,CA 94720 Acton,MA 01720

RupertPerera Eli Rotenberg IvanA.SeUin
LawrenceBerkeleyLaboratory LawrenceBerkeleyLaboratory The Universityof Tennessee
MS 2-400 MS 2-400 c/o 1008 W. Outer Drive
Berkeley,CA 94720 Berkeley,CA 94720 Oak Ridge,TN 37830

BarryL. Petersen Eva Z. Rothman MartinSemmler
LawrenceBerkeleyLaboratory NationalSynchrotronLightSource MDC Corporation
MS 2-300 BrookhavenNationalLaboratory 23842 Cabot Blvd.
Berkeley,CA 94720 Bldg.725B Hayward,CA 94545

Upton,NY 11973

EricJ. Peterson MichaelRowen DanielB. Shapiro
Perkin-ElmerCorporation StanfordLinearAcceleratorCenter LawrenceBerkeleyLaboratory
6509 FlyingCloudDrive P.O. Box4349, MS 69 MS 90-2024
EdenPrairie,MN 55344 Stanford,CA 94309-0210 Berkeley, CA 94720



Zhi-xunShen RichardC. Stem JeffTerry
StanfordUniversity LawrenceLivermoreNationalLab StanfordLinearAcceleratorCent,
McCullough232 P.O. Box808, L-467 P.O. Box4349, MS 99
Stanford,CA 94305 Livermore,CA 94550 Stanford, CA 94309-0210

Chris Sheppard Donald Steven Ray Thatcher
Kaman AerospaceCorporation U.S. Departmentof Energy Lawrence BerkeleyLaboratory
3480 E. BritanniaDrive,Suite 120 9709 West BexhillDrive MS 80-101
Tucson,AZ 85706 Kensington,MD 20895 Berkeley, CA 94720

MasahiroShibamura JoachimStOhr SuntharampillaiThevuthascn
NipponPillarPkg.Co. Ltd. IBM AlmadenResearchCenter Departmentof Physics
160 W. Santa ClaraStreet,#800 650 Harry Road,K32-802 Universityof CaUfomia,Davis
San Jose, CA 95113 San Jose,CA 95120 Davis, CA 95616

Andrei Shikanov ThomasL. Swain IranL. Thomas
Lebedev Institute LawrenceBerkeley Laboratory U.S. Departmentof Energy
USSR Academyof Sciences MS 46-161 DivisionofMaterialsSciences
117924 Moscow, USSR Berkeley, CA 94720 ER-13

Washington,D.C. 20585

TetsuhisaShirakawa Ron E. Tackaberry Albert C. Thompson
Japan SynchrotronRad. Res. Inst. LawrenceBerkeley Laboratory LawrenceBerkeley Laboratory
KokusaJKouryukaikan7F 6-9-1 Centerfor X-rayOptics,2-400 MS 2-400
Mlnatojima-NakamachiChuo-ku Berkeley, CA 94720 Berkeley,CA 94720
Kobe,Japan 650

DavidA. Shirley PeterTakacs KennethG. Tirsell
PennsylvaniaState University BrookhavenNationalLaboratory LawrenceLivermoreNationalLab
207 Old Main Bldg. 535B P.O. Box808, L-45
UniversityPark, PA 16802 Upton,NY 11973 Livermore,CA 94550

Deming Shu ToshioTakiya James G.Tobin
ArgonneNationalLaboratory HitachiZosen Corporation LawrenceLivermoreNationalLab
9700 South Cass Avenue 1-3-22 Sakuraji,;:_Konohana-ku P.O. Box808, L-357
Argonne, II 60439 Osaka, Japan 554 Livermore,CA 94550

David K. Shuh KimH.Tan Tetsu K.Tokunaga
LawrenceBerkeleyLaboratory CenterforX-ray Lithography Lawrence BerkeleyLaboratory
MS 70A-1150 Universityof Wisconsin-Madison MS 2-400
Berkeley,CA 94720 PhysicsSciencesLaboratory Berkeley, CA 94720

3725 SchneiderDrive
Stoughton,Wl 53589

Neville Smith LewisE. Temple, Jr. BrianP. Tonner
AT&T Bell Laboratories ArgonneNationalLaboratory Departmentof Physics
IT-106 9700 South Cass Avenue, Bldg.360 Universityof Wisconsin
600 MountainAvenue Argonne, IL 60439 P.O. Box413
MurrayHill,NJ 07974 Milwaukee,Wl 53201

CullieJ. Sparks LouisTerminello SimonettaS. Turek
Oak RidgeNational Laboratory LawrenceLivermoreNational Lab LawrenceBerkeley Laboratory
P.O. Box 2008 P.O. Box808, L-357 MS 2-400
Oak Ridcle,TN 37831-6118 Livermore,CA 94550 Berkeley, CA 94720



JamesH. Underwood JamesWilliams Orhan Yenen
LawrenceBerkeleyLaboratory KeithleyInstruments Universityof Nebraska-Lincoln
CenterforX-rayOptics,2-400 1301 ShorewayRoad#127 BehlenLaboratoryof Physics
Berkeley,CA 94720 Belmont,CA 94002 Lincoln,NE 68588-0111

Jan Van EIp RoyF.Willis KinmanYu
LawrenceBerkeleyLaboratory Departmentof Physics LawrenceBerkeleyLaboratory
MS 2-300 PennState University MS 2-200
Berkeley,CA 94720 UniversityPark, PA 16802 Berkeley,CA 94720

MichelA.Van Hove HermanWinick MavdkZavarin
LawrenceBerkeleyLaboratory StanfordSynchrotronRad. Lab Soil ScienceDepartment
MS 66 P.O. Box4349, MS69 UniversityofCalifornia,Berkeley
Berkeley,CA 94720 Stanford,CA 94309-0210 HilgardHall

Berkeley,CA 94720

WilliamK. Warburton Joe Wong Yu Zheng
X-ray InstrumentationAssociates LawrenceLivermoreNationalLab LawrenceBerkeleyLaboratory
2513 CharlestonRoad, Suite 207 P.O. Box808, L-369 MS 2-300
MountainView,CA 94043 Livermore,CA 94550 Berkeley,CA 94720

TonyWarwick MervynWong
LawrenceBerkeleyLaboratory LawrenceBerkeleyLaboratory
MS 2-400 MS 50A-2129
Berkeley,CA 94720 Berkeley,CA 94720

StephenR. Wasserman RobertC.Y. Wu
ArgonneNationalLaboratory Space SciencesCenter
9700 South CassAvenue UniversityofSouthCalifomia
Argonne,IL 60439 Los Angeles,CA 90089-1341

JohnWelch FrarK:oisWuilleumier
MKS Instruments,Inc. Lab. de SpectroscopleAtom.
3350 ScottBlvd.#4 Universitede Paris-Sudet Ionique
SantaClare,CA 95054 Batiment350

OrsayCedex, France 91405

CarstenWestphal Feng Xinghong
LawrenceBerkeleyLaboratory Universityof Wisconsin-Madison
MS 2-100 SynchrotronRadiationCenter
Berkeley,CA 94720 3731 SchneiderDrive

Stoughton,WI 53589

MichaelWhite BrianW. Yates
DepartmentofChemistry Universityof Wisconsin-Madison
BrookhavenNationalLaboratory 3731 SchneiderDrive
Bldg. 55 Stoughton,WI 53589
Upton,NY 11973

RichardWhite YinYeh
UniversityofCalifornia,Berkeley DepartmentofAppliedScience
491 CoryHall Universityof Califomia,Davis
Berkeley,CA 94720 Davis,CA 95616



MarkE. Daly RobertH. Marchand WilliamK. Warburton
X-ray InstrumentationAssociates KeithleyInstruments X-ray InstrumentationAssociates
2513 CharlestonRoad, Suite 207 1301 ShorewayRoad #127 2513 CharlestonRoad, Suite207
MountainView, CA 94043 Belmont,CA 94002 MountainView, CA 94043

AnnetteM. Freitas Stephen Palermo JohnWelch
US, Inc. MKS Instruments,Inc. MKS Instruments,Inc.
The PruneyardTower II, Suite405 3350 Scott Blvd.#4 3350 Scott Blvd. #4
Campbell,CA 95008 SantaClara,CA 95054 SantaClara,CA 95054

DavidC. Gibson Eric J. Peterson JamesWilliams
MKS Instruments,Inc. Perkin-ElmerCorporation KeithleyInstruments
3350 Scott Blvd. #4 6509 FlyingCloud Drive 1301 Shoreway Road#127
SantaClara,CA 95054 Eden Prairie,MN 55344 Belmont,CA 94002

GaryMagann DietmarM. Schoeffel
KurtJ. LeskerCompany McPherson
2186 ResearchDrive 530 Main Street
Livermore,CA 94550 Acton,MA 01720



I I 0




