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PREFACE

ItismypleasuretopresentthePhotonFactoryActivityReportNo.14,whichcoversthe

periodfromOctoberl995toMarchl997.Thiswasacrucialperiodforthefacility,

leadingtoam"orre-organizationoftheadministrativestructureofthelaboratory

whichbecameeffectiveonAprillst,1997.ThePhotonFactoly@6facility''hasbeenre-

organizedandupgradedintoanindependentresearchinstitutewiththeadditionof
neutronandmuonbasedresearchsections.Thisnew@6InstituteofMaterialsStructure

Science'',belongingtothe｡6HighEnergyAcceleratorResearchOrganization'､,will

continuetooperateanddevelopthePhotonFactoryfilrtherinthefuture.Thecurrent

volumeisthelastyearlyactivityreportpublishedunderthepreviousadministration.

Initsl4thyearofoperation,thePF2.5GeVringwasroutinelyfilledupto400mA

duringnonnalmulti-bunchoperation,andarecordof773mAwassetduringmachine

studyoperation.The:6HighBrillianceProject''aimingatreducingtheemittancebya

factoroffive,hasmadeconsiderableprogressandpromsestokeepthePhotonFactory

competitivewiththethird-generationrings.Beamline&6Scrap-and-Build''p呵ectswere

continuedsuccessfilllywiththeconstructionoffournewstate-of-the-artbeam-lines,

andmorecomingup.User'sresearchwasactiveaseverwith332proposalsapproved

duringfiscalyearl996.High-lightsoftheactivitiesinvariousfieldsaresummarizedin
thisvolume.

FurtherfacilitydevelopmentprqectsinprogressincludethePF-AR(AdvancedRing

forpulsedX-rays)prqect・Thisinvolvestheup-gradeoftheparasiticoperationatthe

TRISTANAccumulationRing(AR)intoanewdedicatedringfbrsinglebunchandhigh

nuxsynchrotronradiationintheX-rayregion.Duringathreemonthsperiodtowards

theendofl995,theexperimentaloperationoftheTRISTANMainRingforsuper-

brilliantsynchrotronradiationwasconductedsuccessfUlly.

IamverypleasedthatthenewresearchinstituteisgoingtoinheritthiSfacilityandthe

userscommunityinanextremelygoodshape.IIookforwardtoseeingresearchwith

synchrotronradiationflourishevenmoreunderthenewadmnistration.

柳
MotohiroKihara

Director､PhotonFactory
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INTRODUCTION

ThePhotonFactory(PF)hasbeenasynchrotron

radiationresearchfacilitybelongingtotheNational

LaboratoryforHighEnergyPhysics(KEK)operated

bytheMinistryofEducation,Science,Sports,and

Culture.Itconsistsofa2.5-GeVelectron/positron

linearaccelerator,a2.5-GeVelectron/positronstorage

ringasadedicatedlightsource,parasiticoperationat

theTRISTANAccumulationRing(AR)andmany

beamlinesandexperimentalstationsassociatedwith

lhem.Proposalsforresearchutilizingthefacilitiesare

acceptedfromscientistsatuniversities,government

laboratodes,publicorganizations,privatecorporations

andalsofromforeigncountries.

ThisActivityReportcoverstheperiodfrom

Octoberl995toMarchl997,whichmarkedthel4th

yearofsuccessfuloperation.The2.5GeVringhas

becomeanextremelyreliablelightsource,normally

fillingupto400mAringcurrentwithanaverage

currentof300mAandalifetimeoflongerthan60

hours.Almost99%ofscheduledoperationwas

successfullymadesupplyinguserswith3536hoursof
beamtime.AsisdescribedinmoredetailinsectionB

oftheACCELERATOROPERATIONS,

RESEARCHESANDDEVELOPMENTSsection,the

2.5GeVringwillbemodifiedtorealizeasmaller

emittanceof27nm.rad,sothatthebrillianceofthe

bendingmagnetandinsertiondevicesourceswillbe

enhancedbyafactorof5tolO.Theautumnrunof

1996wasthelastoperationoftheringwiththelattice

originallycommissionedinl982.Anine-monthsshut-

downoftheringistakingplacefromDecember,1996

toSeptember,1997.Thelightsourcegroupconducted

aspecialmachine-studyforhighring-currenton

Decemberl6､l996justbeforethelongshutdown.

Theyattainedaringcurrentof773mA、whichseta

newrecordofstoredcurrentforthe2.5GeVstorage-

ring.TheTRISTANARwasparasiticallyusedfor

synchrotronradiationresearchfor2934hoursduring

theperiodfromSeptember、l995toJune,1996.The

ARhasbeenusedformachinestudyforaccelerator

developmentfortheB-FactoryprqectafterJune,1996.

Machinestudyofthe2.5GeVringlogged

approximately750hoursduringthereportedperiod.

Themostnotableachievementwasthetestofthehigh

currentoperationasmentionedabove.Thiswasmade

possiblemainlybythedevelopmentofnewdamped
cavities.Anumberofothermachinestudies

G-2

accomplishmentsthatcontributedtosupplyingstable

photonbeamstousersarealsoreported.

Rightaftertheendoftheautumnrun,the

reconstructionofthe2.5GeVstorageringstartedin
December,1996.Thisincludesremovalofoldvacuum

chambers,installationofnewquadrupoleandsextupole

magnets,newbeammonitorsystem,newinjection

system,newcontrolsystemoftheringandinsertion
devices.Furthereffortswillbemadetore-commission

theringinOctober1997.

Alongwiththeworktoimprovethebrillianceof

thesources,significanteffortswerealsomadetobuild

newbeamlinesthatmakebestuseofthebrilliantsource

characteristics.AgoodexampleisBL-2Cwhich

coversanenergyrangefrom250eVIol400eV.The

opticsofthisbeamlineusesvariedspaceplanegrating
andisabletoattainaresolutionof5,000-10,000over

theentireenergyrangeevenwiththepresentsource

parameters.Withimprovedsourceparametersexpected
tobecomeavailablewiththenewloweremittance

operation,aresolutionofbetterthanlO,000isexpected

withareasonablephotonnux.Wearealsocontinuing
oureffortstorebuildseveraloldbeamlineswith

insufficientperformancetomeettherequirementsoi、

recentadvancedexperiments.BeamlineBL-llA(80-

1200eV)wasbuildtoreplaceanoldgrass-hopper

monochromatorbeamlineandaimstosupportXAFS

studiesoflightelements.ThebeamlineBL-12A(100-

1200eV)wasrejuvenatedforthecharacterizationof

VUVandsoftX-rayopticalelements.BeamlineBL-
6BwaSconvertedintoamacromolecular

crystallographystationincollaborationwiththe

TbukubaAdvancedResearchAllianceoftheUniversitv
ヴ

oiTsukubawhichincludesl4pharmaceulical

companiesascollaborators.Weexpectthatthis

beamlinewillhelpactivitiesofsIruclure-baseddrug

design.Theoldmonochromatorandmi汀orsystemsof

BL-10C(smallangleX-rayscattering)thathavebeen

usedforl5yearswerereplacedbynewonesinorderto

realizebetterfocalspot,higherintensityandstablc

operation.AnewXAFSbeamlineisbeingconstructed

onBL-9AwhichwasformerlyusedasanX-ray

lithographybeamlinebytheNECCorporation.The

opticsofthisbeamlineutilizestwoparabolloidmirrors

andadoublecrystalmonochromator.

Instrumentaldevelopmentsfordiffraction,



scatteringandspectroscopicexperimentswerealso

activelypursued.AspectrometerforpolarizedsoftX-

rayscatteringwasbuiltandcommissioned,whichwill

makebestuseofthehighresolutionsoftX-ray

undulatorbeamlineBL-2C.Aphoton-electron

coincidencespectrometerwasdevelopedforCompton

scatteringexperiments,whichwillbeusedforthree
dimensionaldeterminationofelectronmomentum

densityinsolids.Afastdetectorusingstacked

avalanchephoto-diodeswasdevelopedandusedinx-

raydiffiactionexperiments.T11isdetectoriscapableof

countinguptolO9photons/sec.Fivemorenew

developmentsthatpromisestocontributetousers

activitiesarealsoreportedinthesectionB,ofthe
EXPERIMENTALFACLHTESsection.

Manyusersworkedharderandmoreintensively

ontheirexperimentsbeforetheninemonthslong

shutdownfortheemittanceupgrade,resultinginthe

productionofmanynewscientificoutputs.Someof

highlightsoftheexperimentsarereportedinthe

SC正NTIFICDISCIPLINESsection.Manyreportson

achievementsofindividualexperimentalproposalsare

preSentedintheUSERS'REPORTSsection.

Inordertoencourageusersandin-houses[aff

scientistsIoconduclextendedorbig-project-type

research,aspecialcategory@､S''isincludedinour

proposalreviewsystem.TheS-categoryproposalsare

activefbr3yearsandhavepriodtybeamtime,upto25

%ofthebeamtimeofrelevantexperimentalstations.

ThreeS-categoryproposalswereactivethroughthe

periodcoveredbythisactivityreport:94-SOO1(high

resolutionphotoelectronspectroscopy:Prof.Sugaof

OsakaUniversity),96-SOO1(nuclearresonant

scattering:Prof.KikutaoftheUniversityofTbkyo)and

96-SOO2(structuralstudyunderhighpressureandhigh

temperature:Prof.YagioftheUniversityofTbkyo).

ReportsbySuga(pageS-l),Zhang(S-9)andYagi(S-

14)givesomeoftheresultsobtainedunderthoseS-

categoryproposals,respectively.

Tocompensaleforthelackofin-houseman-

powerforusersupport,thecommitmentofusersin

operatingbeamlinesandexperimentalstationsis

encouraged.ThesmallangleX-rayscatteringstationis

atypicalexampleofsuchstations.High-lightsof

structuralbiologyexperimentscarriedoutonthose

stationsaredescribedonpagesS-22toS-26・The

G-3

beam-timedemandsfortheproteincrystallography

stationshasbeenheavilyexceedingsupply.Despite

thisshortageofbeam-time,manyproteincrystal

structureShavebeensoIvedusingdiffractiondala

accumulatedatthePhotonFactoryashigh-lightedon
S-26-S-29.

Thefirstintravenouscoronaryangiography

examinationonahumansubjectinJapanwascarried

outonBL-NEIAattheARinMay，l996.ThiSwaS
alsothefirsttimeintheworldthatatwodimensional

imagingsystemwasusedonasynchrotronbeamline

forsuchpurposes.Clinicallyusefulinformationwas

extractedfromtheimagesobtainedandmedical

communitypraisedthemethodasvelypromising.

Thedirectobservationofchargeandorbilal

orderinginperovskite-typemanganitewasmadefor

thefirsttimeutilizinganomalousscatteringofMnand

theATS(AnisotropyoftheT℃nsorofSusceptibility)

technique.Itshouldbenotedthatthefirstdirect

experimentalevidencefortheorbitalorderingwas

obtainedbymeasuringanintensitydependenceonan

azimuthalscanningofasuper-latticereflection.This

experimentwascarriedoutbytheinitiativeofanin-

housestaffgroupandsuchcontributionsofin-house

s[alfscientistsarenowencouraged.

Useofcircularlyorellipticallypolarized

synchrotronradiationhasbeencontinuouslycarried

Out・Anexampleisthemeasurementofnon-resonan[

magneticscatteringfromferromagneticironcrystal

describedonpagesS-5-S-7.Espccially,theuseofX-

rayphaseplatetocontrolthedegreeoflinearand

circularpolarizationwasveryeffectiveinobtainingan

enhancementofanippingratioofdiffractedintensities

betweenonemagnetizeddirectionandthereversed

direction.Inadditiontothemanyprqectswithsolid

statesamples,somegasphaseexperimentswerealso

done.AnexampleistheXedoublephotoionization

measurementwhichsuccededinmeasuringtheangular

correlalionpatlemoftheejecledIwoelectronsfbrrighI

andleftcircularpolarization.Theresultrenectsthe
electron-electroncorrelationinXeatom・Severalother

remarkablescientificresultsarealsogiveninthe
ー

SCENnFICDISCIPLINESsection.

InthePROJECTSsection,someresultsofthe

feasibilitystudiestoconvertthe6.5GeVARringintoa



dedicatedsinglebunchX-raymachinearedescribed.

ThisproposalfocussesontheuseofintensepulseX-

raysfortime-resoIveddiffraction,scatteringand

spectroscopicexperiments.Anothermajorprmectwas

theoperationoftheTRISTIﾍNMainRingat8tolO

GeVforsynchrotronradiationexperimentsduring

OctoberIoDecember,1995.DeSpitethetime

limitations,tune-upofthering,commissioningofthe

insertiondeviceandthebeamlinewentsmoothly.We

gainedexperiencesinoperatingaringhavingan

emittanceofseveralnmradandhandlingsuper-brilliant

X-raybeams.Severalinterestingresultswereobtained

suchashighresolutionmusclediffraction(P-14)and

twophotoncorrelationintheX-rayregion(P-20).

Thepresentactivityreportisthelastonetobe

publishedunderthename@6NationalLaboratoryfor

G-4

HighEnergyPhySiCr.InDecember,1996,adecision

wasreachedtoestablishaneworganization,@cHigh

EnergyAcceleratorResearchOrganization''asaresult

ofamergeroftheNationalLaboratorylbrHighEnergy

Physics,thelnstituteofNuclearStudies,theUniversity

ofTokyoandtheMesonScienceLaboratoryofthe

UniversityofTokyo.Theneworganizationwas

establishedonAprill，1997andconsistsoffour

researchinstitutes(InstituteofParticleandNuclear

Studies,InstituteofMaterialsStructureScience，

AcceleratorLaboratory,andAppliedScience

Laboratory).ThePhotonFactorybecameapartofthe

InstituteofMatedalsStructureScience,alongwithtwo
otheruserorientedfacilities,theNeutronScience

Laboratory(KENS)andtheMesonScienceLaboratory.

7:Mqrs"s/，"α,PF
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InstimteforSolidStatePhysics,UniversityofTbkyo
FacultyofScience,RikkyoUniversity
InstimtefOrSolidStatePhysics,UniversityofTbkyo
InstrumentationDivision,PEKEK

FacultyofEngineering,UniversityofTbkyo
LightSourceDivision,PF,KEK

LightSourceDivision,PF,KEK
LightSourceDivision,PF､KEK
InstmmentationDivision,PEKEK

DepartmentofBioEngineering,NagaokaUniversityofTechnology
IIjectorLinacDivision,PF､KEK
InstrumentationDivision,PEKEK

FacultyofEngineering,TbkyolnstimteofTbchnology
FacultyofScience,UniversityofTbkyo

IniectorLinacDivision,PEKEK
InstrumentationDivision,PEKEK

TbkyoUniversityofFisheries

FacultyofEngineeringScience,OsakaUniversity
InstimtefbrMaterialsResearch,TbhokuUniversity

TablelbMembersofAdvisoryCouncil;April$96～March!97

**Chairman*Vice-Chainnan

ANAMI,Shozo

FUJII,Yasuhiko*

HIEDA,Kotaro

IIDA,Atsuo

ITO,Kerli
KASUGA,Tbshio

KIKUTA,SeiShi

KOBAYAKAWA,Hisashi

KOBAYASHI,Hitoshi

KOBAYASHI､MaSanori

MAEZAWA,Hideki

MATSUSHnA､ndashi**

MITSUI,YUkio

NAKAHARA､KazI]o

OHTA,Tbshiaki

OSHmiA,Masaham

SATO,Shigem
SHIMOMURA,Osamu

SHIOTANI,Nobuhiro

SUGA,Shigemasa
WAKABAYASHI,Katsuzo

InjectorLinacDivision,PF,KEK

InstimteforSolidStatePhysics,UniversityofTbkyo

FacultyofScience,RikkyoUniversity
InstrumentationDivision､PEKEK

InstnlmentationDivision,PEKEK

LightSourceDivision,PEKEK

FacultyofEngineering,UniversityofTbkyo

LightSourceDivision,PEKEK
ImectorLinacDivision,PEKEK

LightSourceDivisiOn,PEKEK

LightSourceDivision,PEKEK
InstrumentationDivision,PEKEK

DepartmentofBioEngineering,NagaokaUniversityofTEchnology
IIjectorLinacDivision,PF,KEK

FacultyofScience,UniversityofTbkyo

FacultyofEngineering,UniverSityofTbkyo

FacultyofScinece,TbhokuUniversity
InstrumentationDivision,PEKEK

TbkyoUniversityofFisheries

FacultyofEngineeringScience,OsakaUniv.

FacultyofEngineeringScience､OsakaUniv.
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1able2aMembersofProgramAdvisoryCommittee;FiscalYear@95

*Chainnan

ASHIDA,Thmaichi

JO,Takeo

KAKIZAKI,Akito

KAIAOKA.Mikio

KOBAYAKAWA,Hisashi

MATSUSHITA,TadaShi*

OHSUMI,Kazumasa

OYANAGI,Hiroyuki
SAKAI,Nobuhiko

SATO,Isamu

SATO,YUkinori

TSUJI.Kazuhiko

TSUKIHARA,Tbmitake

YAMAGUCHI,TbShio

WAKABAYASHI,Katsuzo

SchoolofEngineering,NagoyaUniversity

FacultyofScience,HiroshimaUniverSity
InstitutefbrSolidStatePhysics,UniversityofTbkyo

FacultyofScience､OsakaUniversity
LightSourceDivision,PF,KEK
InstrumentationDivision,PEKEK

InstrumentationDivision､PEKEK

ElectrotechnicalLaboratory

FacultyofScience,HimejilnstituteofTbchnology
InjectorLinacDiviSion,PEKEK
ResearchInstimteforScientificMeasurements,TbhokuUniversity

FacultyofScienceandTbchnology,KeioUniversity
InstitutefOrProteinResearch,OsakaUniverSity

FacultyofScience､FukuokaUniverSity
FacultyofEngineeringScience､OsakaUniversity

Table2bMembersofProgramAdvisoryCommittee;FiscalYear!96

*Chainnan

HAMAYA,Nozomu

JO,Takeo

KAKIZAKI,Akito

KAIAOKA,Mikio

KOBAYAKAWA､Hisashi

MATSUSHITA,Tadashi*

MIKI,Kunio

NAKAHARA,Kazuo

OHSUMI,Kazumasa

TAKAHASHI,Tbshio

TSUKIHARA,Tbmitake

UDAGAWA,Yasuo

YAGI,Naoto

YAGISHITA,Akira

YAMAGUCHI,Tbshio

FacultyofScience,OchanomizuUniversity
FacultyofScience､HiroshimaUniversity
InstituteforSolidStatePhysics,UniversityofTbkyo
GraduateSchoolofScience,OsakaUniversity

LightSourceDivision､PEKEK
InstmmentationDivision,PEKEK

GraduateSchoolofScience,KyotoUniversity

IIjectorLinacDivision,PEKEK
InstrumentationDivision,PEKEK

InStitutefbrSolidStatePhysics､UniverSityofTbkyo
InstitutefOrProteinResearch,OsakaUniversity

ResearchlnstimteforScientificMeasurements,TbhokuUniversity

SchoolofMedicine,TbhokuUniversity
InstrumentationDivision,PF,KEK

FacultyofScience,FukuokaUniversity
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Table3StaffmembersofthePhotonFactory

e-mailaddressResponsibility*Name

ResearchStaH

KIHARA,Motohiro KIHARAM@KEKVAX.KEK.JPDireclor

ANAMI@KEKVAX.KEK.JP

CHOU@KEKVAX.KEK.JP

ENOMOTOA@KEKVAX.KEK.JP

SFUKUDA@KEKVAX.KEK.JP

FURUKAWA@MAPLE.KEK.JP

HANAKI@KEKVAX.KEK・JP

KAMI@KEKVAX.KEK.JP

KAMITANI@MAPLE.KEK.JP

HITOSHIK@KEKVAX.KEK.JP

TKURIHAR@KEKVAX.KEK.JP

MICHIZON@MAPLE.KEK.JP

NAKAHAR@KEKVAX.KEK.JP

OGAWAYJ@KEKVAX.KEK.JP

OHSAWA@KEKVAX.KEK.JP

郎
卿
虹
肝
皿
肝
皿
虹
匪
醗
匪
恥
”
卿
旺
郎
皿
皿
旺

ｄ

一
一
一
一
一
一
一
一
一
一
一
一
一
一
』
一
一
一
』

Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ

ANAMI,Shozo

CHOI,Jae-Young
ENOMOTO,AtSushi

FUKUDA,Shigeki
FURUKAWA,Kazuro

HANAKI,HirOfumi

KAMIKUBOTA,Norihiko

KAMITANI,Takuya
KOBAYASHI,Hitoshi

KURIHARA,Toshikazu

MICHIZONO,Shin'ichiro

NAKAHARA,Kazuo

OGAWA,Yujiro
OHSAWA,SaIoshi
SAITO,YOshio

SHIDARA.TeIsuo

SUWADA,TsuVoshi

URANO,Takao

YAMAGUCHI,Seiya

Au9．31,96L

Sep.16,96L
SHIDARA@KEKVAX.KEK・JP

SUWADA@MAILKEK.JP

URANO@MAPLE.KEK.JP

SYAMA@MAPLE.KEK.JP

HAGA@KEKVAX.KEK.JP

HONDAT@CCPFMAIL.KEK.JP

HORI@KEKVAX.KEK.JP

ISAWA@KEKVAX.KEK.JP

KANAYA@KEKVAX.KEK.JP

KASUGAT@KEKVAX.KEK.JP

KATOHM@KEKVAX.KEK.JP

KATSURA@KEKVAX.KEK.JP

HAGA,Kaiichi

HONDA,Tohm

HORI,Yoichiro

ISAWA,MaSaaki

KANAYA,Noriichi

KASUGA,Toshio

KATOH,Masahiro

KATSURA,Tomolaro

KITAMURA,Hideo
KOBAYAKAWA,Hisashi

KOBAYASHI,Masanori

KOBAYASHI,Yukinori

KOIDE,Tsuneharu

MAEZAWA,Hideki

MITSUHASHI,Toshiyuki

OBINA,Takashi

OHMI,Kazuhito

PAK,CheolOn

SAKANAKA,Shyogo
TSUCHIYA,KimiChika

亜
皿
吋
肝
州
岬
岬
皿
の
趣
叱
岬
酬
叩
脚
皿
岬
皿
旺
の

一
一
一
一
一
一
一
一
一
二
一
一
一
一
一
一
一
一
一
一

Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ

Ｌ
Ｌ
７
７
９
９
３
３
節
虹
Ｍ
Ｍ KOBAYAKA@KEKVAX.KEK・JP

KOBYSIMR@KEKVAX.KEK.JP

YUKINORI@KEKVAX.KEK.JP

TKOIDE@KEKVAX.KEK.JP

MAEZAWAH@KEKVAX.KEK.JP

M汀SUHAS@KEKVAX・KEK・JP

OBINA@KEKVAX.KEK.JP

OHMI@PINECONE.KEK.JP

PAK@KEKVAX.KEK.JP

SAKANAKA@MAIL.KEK.JP

TSUCHIYA@KEKVAX.KEK.JP

Jan.31,97L

Jul.1,96J

AZUMA@KEKVAX.KEK.JP

HIRANO@CCPFMAIL.KEK.JP

HYODO@KEKVAX.KEK.JP

AIIDA@CCPFMAILKEK.JP

汀O@KEKVAX.KEK.JP

IWANO@NASUWSl.KEK.JP

IWAZUMI@KEKVAX.KEK.JP

KAGOSIMA@KEKVAX.KEK.JP

HIROO@KEKVAX.KEK.JP

KAWATA@KEKVAX.KEK.JP

KIKEGAWA@KEKVAX.KEK.JP

KISIMOTO@KEKVAX.KEK.JP

KITAJIMA@KEKVAX.KEK.JP

AZUMA,Yoshiro

HIRANO,Keiichi

HYODO,Kazuyuki
IIDA,AIsuo

ITO,Kenji
IWANO,Kaom

IWAZUMI,Toshiaki

KAGOSHIMA,Yasushi

KATO,Hiroo

KAWATA,Hiroshi

KIKEGAWA,Takumi

KISHIMOTO,Shunji
KITAJIMA,Yoshinori

Ｖ
Ｖ
Ｖ
Ｖ
Ｖ

Ｕ
Ｕ
Ｕ
Ｕ
Ｕ

Ｖ
Ｘ
Ｘ
Ｘ
Ｖ
Ｔ
Ｘ
Ｖ
Ｖ
Ｘ
Ｘ
Ｘ
Ｖ

－
一
一
一
一
一
一
一
一
一
一
一
一

Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ

Sep.30,96L

ODeCOnIInueC
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e-mailaddressResponsibility｡Name

KOBAYASK@KEKVAX.KEK.JP

TKOIDE@KEKVAX.KEK.JP

MATSUS@KEKVAX.KEK.JP

MIYAHARA@KEKVAX.KEK.JP

MYOUICHI@KEKVAX.KEK.JP

KNASU@NASUWSl.KEK.JP

NOMURAM@CCPFMAIL.KEK.JP

SIGEMASA@CCPFMAIL.KEK.JP

SHIMOMURA@KEKVAX.KEK.JP

SUZUKI@PFWEIS.KEK.JP

TAKESHIT@KEKVAX.KEK.JP

MASAHIKO@KEKVAX.KEK.JP

TOMITA@NASUWS4.KEK.JP

USAMI@CCPFMAIL.KEK.JP

MASAMITU@KEKVAX.KEK.JP

NOBUHISA@CCPFMAIL.KEK・JP

YAGISITA@KEKVAX.KEK.JP

XIAOWEI@KEKVAX.KEK.JP

Ｖ
ｄ
Ｖ
Ｖ
Ｖ
Ｖ

Ｕ
因
Ｕ
Ｕ
Ｕ
Ｕ

Ｘ
Ｖ
Ｈ
Ｖ
Ｘ
Ｔ
Ｘ
Ｖ
Ｘ
Ｘ
Ｘ
Ｘ
Ｔ
Ｘ
Ｖ
Ｘ
Ｖ
Ｘ

－
一
』
一
一
一
一
一
一
一
一
一
一
一
一
一
一
一

Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ
Ｉ

KOBAYASHI,Katsumi

KOIDE,Tsuneham

MATSUSHITA,Tadashi

MIYAHARA,Tsuneaki
MURAKAMI,Youichi

NASU,Keiichiro

NOMURA,Masaham

SHIGEMASA,Eiji
SHIMOMURA,OSamu

SUZUKI,Mamoru

TAKESHITA,Kunikazu

TANAKA,Masahiko

TOMnA,Norikazu

USAMI,Noriko

WATANABE,Masamitsu

WATANABE,Nobuhisa

YAGISHITA,Akira

ZHANG,Xiaowei

Feb.1,97J

Sep.30,96L

Mar.31,97L

Sep.30,96L

Sep.16,96J

ANDO@MAIL.KEK.JP

KAMADA@KEKVAX.KEK.JP

OHSUMIK@KEKVAX.KEK.JP

HIROSHIS@MAIL.KEK.JP

SHIGERU@KEKVAX.KEK.JP

S-Leader

S

S

S

S

ANDO､Masami

KAMADA,Susumu

OHSUMI,Kazumasa

SUGIYAMA,Hiroshi

YAMAMOTO,Shigeru

SupportingStaff
ABE,Isamu

HONMA,Hiroyuki
IIJIMA,Hitoshi

IKEDA,Mitsuo

KAKIHARA,Kazuhisa

KATAGIRI,Hiroaki

NAKAMURA,Kie

NAKAO,Katsumi

OOGOE,Takao

SHIRAKAWA,Akihiro

ABEI@KEKUXl.KEK.JP

HONMA@MAPLE.KEK.JP

望

）

Ｃ
Ｃ
Ｎ

ｍ
旺
旺
Ｍ
“
肝
⑪
呼
虻
画

一
一
一
一
一
一
一
一
》
一

Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ

IKEDAM@MAPLEKEK.JP

KAKIHARA@KEKVAX.KEK.JP

KATAGIRI@KEKVAX.KEK・JP

KIE@KEKVAX.KEK.JP

NAKAOK@KEKVAX.KEK.JP

OOGOE@KEKVAX.KEK.JP

SIRAKAWA@KEKVAX.KEK.JP

Mayl，96J

岬
皿
脚
皿
、
皿
吋
旺
卿

Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ
Ｒ

ASAOKA,Seiji
MISHmA,AIsushi

NOGAMI,Takashi

SATO,Yoshihiro

SHIOYA,Tatsuro

TADANO,Mikito

TAKIYAMA,Youichi

TOKUMOTO,Shuichi

UEDA,Akira

MISHINA@KEKVAX.KEK.JP

NOGAMI@MAIL.KEK.JP

YOSHIHIR@KEKVAX.KEK.JP

SHIOYA@MAIL.KEK.JP

TADANO@CCCEMAIL.KEK.JP

TAKIYAMA@KEKVAX.KEK.JP

TOKUMOTO@KEKVAX.KEK.JP

UEDA@PINECONE.KEK.JP

Mar､31,97L

KIKUCHI@KEKVAX・KEK.JP

KOSUGE@PFIQST.KEK.JP
KOYAMA@KEKVAX.KEK.JP

MIKUNI@KEKVAX・KEK.JP

MORIT@KEKVAX.KEK.JP

OKAMOTOW@KEKVAX.KEK.JP

YSAITO@CCPFl.KEK.JP

SATOM@KEKVAX.KEK.JP

TOYOSIMA@CCPFMAIL.KEK.JP

UCHIDA@KEKVAXKEKJP

Ｈ
Ｈ
Ｈ
Ｈ
Ｈ
Ｈ
Ｈ
Ｈ
Ｈ
Ｈ

Ｃ
Ｃ
Ｃ
Ｃ
Ｃ
Ｃ
Ｃ
Ｃ
Ｃ
Ｃ

正
正
正
正
正
正
正
正
正
正

KIKUCHI,Takashi

KOSUGE,Takashi

KOYAMA,Atsushi
MIKUNI,Akira

MORI,Takeharu

OKAMOTO,Watam

SAITO,Yuuki

SATO,Masato

TOYOSHIMA,Akio

UCHIDA,Yoshinori

L:Datewhenhe/sheleftthePF.

R:Datewhenhe/sheretiredfromthePF
":RefertoFig.3forabbreviations.
J:Datewhenhe/shejoindedthePF

G-ll



Table4Annualnumberofsta什&visitingscientists

Departmentl9861987198819891990199119921993199419951996Position

１
３
５
８
７
３
１
０
２
８
１
９
０
０
３
３

１
１
１
１
１
１

１
４
５
８
６
３
０
０
２
７
０
９
０
１
４
６

１
１
１
１
１
１

１
４
６
７
４
３
８
９
２
７
０
９
０
２
４
６

１
１
１
１

１
３
５
９
７
３
０
９
２
８
１
０
０
１
３
６

１

１
１
１
１
１

１
３
５
５
７
４
９
８
１
５
１
０
９
２
４
６

１
１
１
１

１
４
５
６
６
３
８
９
１
５
１
０
０
２
４
７

１
１
１
１
１

１
３
４
８
７
３
０
９
２
５
１
０
０
２
４
６

１

１
１
１
１
１

１
３
４
５
５
５
０
９
９
１
０
０
０
２
４
６

１

１
１
１
１

１
４
４
４
２
３
９
０
２
３
８
７
９
２
４
６

１
１
１

１
４
４
５
３
３
７
０
２
４
９
８
１
２
４
６

１
１
１

１

１
４
４
３
１
３
７
１
９
３
７
７
８
２
４
６

１
１

ChiefDirector

Professor

InjectorLinac

LightSource
Instrumentation

InjectorLinac

LightSource
Instrumentation

InlectorLinac

LightSource
Instrumentation

|nlectorLinac

LightSource
Instrumentation

InjectorLinac

LightSource
Instrumentation

Associate

Professor

Research

Associate

Technical

Sta什

Visiting
Scientist

9098103104110112115118114116112Total

Table5Budgetinearchfiscalyear

(inmillionyen)

19861987198819891990199119921993199419951996ltem

939

0

366

1，015

145

224

212

418

132

145

1,029

0

366

1，096

140

175

218

431

86

145

1，163

428

366

1，096

145

157

217

431

81

145

764

196

367

1，107

145

308

235

423

171

250

859

103

399

1，107

145

300

240

423

174

260

898

0

375

1，042

145

253

218

423

154

148

1，097

0

328

984

144

84

281

905

83

130

835

658

345

642

0

237

962

141

258

217

355

302

267

757

0

341

1，078

145

300

231

425

219

387

561

131

190

820

136

138

211

381

185

561

647

196

907

136

208

214

331

166

398

Salary

PFStorage(channel,insertiondevice,etc.)

PFExperiments

PFOperation&Maintenance

ComputerRentals

PositronSource&ElectricPlantOperation

CoolingSystem&ElectricOperation

Electricity

PF-IndustrialCooperativeExperiments

ARConstmctionandExperiments

AROperation&Maintenance

BFactory(LinacUpgrade)
Miscellaneous

4001，567

162120301243287388564877567609

2，9153，8843，6824，1264，2534,3984，2204，4734，6536，4055，874Total

Table6SummaryofoperationinFY1995(Aprill995-Marchl996)

(hours)

DedicatedtoSRatARUser｣stime" ARPFRingCycle Linac

2376

1160

2448

960

1536

0

2808

1464

1

2

2856

1512

3408 15363536Total 42724368

"Bonustimenotincluded
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Table7TimetableoftheMachineOperationinFY1996.

PF:PFringAR:TRISTANaccumulationring
MR:TRISTANmainring

E三蹴朧1ng｡↑

r]SRUseofAR

UsersBonus

Time匡
囲

囮
-

1III111

剛鰡鵲i｡『■
〃

UsersBeamTimeMachineTuning

SRUseofMR MachineTuning/PhotobakingMachineStudy

MON

917

WED

917

THU

917 :VW
SAT

917 洲乳
MON

917 l
TUE

917

WED

917

THU

917

FRI

917

SAT

917

SUN

917

TUE

917

FRI

917

TUE

917

Ｗ
９

THU

917

FRI

917

SAT

917

SUN

9172吋cycle Time
41516171819110111112113114Datel3I25126

澱 ＝
Ⅱ

’
Unac

PF

AR

MR

１

Ｉ
｜
封

｜’

'2913015/112131

…
山
一

Date

Unac

PF

AR

MR

1

Date6171819110111112113114115116117118119120121122123124125126

〃 ー鰯諺’■■■〃ljnac

RRN■■;〃剛I鰯搦剛PF

AR

MR

Date2712812913013116/112_L3」4_|5161718191101111121131141151161

Unac

PF

AR

MR

1

I
宣拶

Linac

PF

AR

MR

’
’

一
一

1

｜’｜’

Date

Linac

PF

AR

MR

．．…，ゞ．‘：．．．.I"ロ‘‐．《'．.．．

？‘,ざ:■『、.礎.､；’,、,.~･…、、、I:‘．，1

8191101111121E|14115116117J_18_|_191_20｣21122123124125126127128'23124125126127128Date

〃 ｜！ ■■■ﾛ■〃Unac

PF

AR

MR

〃剛M,J1‘.,,'･l.:il ■
。

日〃1

雫
一
種
■

Datemmq16117118119120121122123124125126127128|29130131111/1~l2正亙
″
測
・

Linac

PF

AR

MR

mlⅡⅢⅢⅡⅡIⅡⅡⅢⅡⅢI室＝2

・
諺

■■、…

61718191101
’

0111｣_121131141151161171181191201211221231241雨■!■国

〃
剛
。

〃
剛
・

■
〃
″

Unac

PF

AR

MR

〃 〃剛目2

』

－
５１４１３１２１１１０１

一
９８７６Datel25126127128129130112/1121

ﾛ■■〃Unac

PF

AR

MR

日2

〃■■

Dat511611711811912012112212312412512612712812913013111/112r5~厄~「5
jnacll

PFII

Unac

PF

AR

MR

2

’
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SEMINARS,MEETINGSANDWORKSHOPS

Thirtythreeseminarsweregivenbyin-housestaffandvisitingscientistsduringtheperiodfromOctorberl995
IoMarchl997.Thirteenusers｡meetingsandworkshopswereheldduringthesameperiod,includingtheannualPF
symposium.

PFSeminars

Ukai,M.(DepanmentofAppliedPhysics､TbkyoUniversityofAgricultureandTbchnology)
SpectroscopyofSuperexcitedMoleculesintheRegionofValenceShellAbsorption OcIober20,1995

Lablanquie,R(LURE)
InvestigationofDoublePhotoionisationProcessesUsingElectron-ElectronCoincidenceTbchniquesOcIober24,1995

Tischer,M.(FreieUniversitatBerlin)

InvestigationofCoandNiMonolayersbyMeansofMagneticCircularX-RayDichroismand
ElementSpecificMagneticSusceptibility

Dmimenko,V.E.(A.VShubnikovlnstituteofCrystallography,RussianAcademyofSciences)
X-RayDiffraclionOptics,ForbiddenRenections.PolarizationPhenomena,Coherence,etc

WulH,M.(ESRF)

TheRealisationofUltraFastDiifractionMethodsfbrProteinCrystallographyatESRF

Akahama,Y:(FacultyofScience,HimejilnstituteofTbchnology)
Pressure-InducedStructuralTransitionandMetallizationofSolidOxygen

Michael,B.D.(CancerResearchTrusIGrayLaboratory)
StudiesontheEnergeticsandReactionKineticsofRadiationDamegetoDNA

Takahashi,T(InstitutefOrSolidStatePhysics,UniversityofTbkyo)
SurfaceandlnにrfaceStructuresbyX-RayDiffi･action

Ivanov,S.(MoscowStateUniversity)
OpticalDesignofUndulatorBeamlinesandMonochromatorsattheKurchatovSynchrotron
RadiationSource(prqject)

Smolyakov,N.(KurchatovSynchrotronRadiationSource)
VUV-UndulatorwithLowHeatLoadfbrHighEnergyElectronStorageRings

Wakabayashi,K.(FacultyofEngineeringScience,OsakaUniversity)
X-RayDiifractionStudiesontheMolecularMechanismofMuscularContraction
RecentTbpics

Fandrich,E(Max-Planck-Gesellschaft)

High-ResolutionX-RaySensitiveCCDCameraSystemsfbrX-RayTbpography
andDiffractometry

Kotani,A.(InstitutefbrSolidStatePhysics,UniversityofTbkyo)
TheoryofX-RayEmissionSpectra

Eichler,J.(InstituteofAppliedPhySics,唾ukubaUniverSity)
RadiativeElectronCaptureinRelativisticAtomicCollisions

Okudaira､K・(FacultyofEngineering,ChibaUniversity)
StudiesofMolecularOrientation・ElectronicStmctureandEnergy-SelectivePhotochemical
ReactioninOrganicUltrathinFilms
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OcIober30,1995

November7,1995

November8,1995

November24、1995

Decemberl9,1995

December22,1995

Febmaryl,1996

Febmaryl,1996

Febmary2,1996

Febmaryl6,1996

Febmary23,1996

Marchl4,1996

Marchl5,1996



Enomoto,R.(PhysicsDepartment,KEK)
DetectorTbchnologyanditsApplicationinHighEnergyPhysicsExperiment

Noelle,D.(DortmundUniversity)
DEIJIAandVUV-FEL;StatusandProspects

Oyanagi,H.(ElectrotechnicalLaboratory)
DynamicProcessesinSolids:ProbedbyX-RayAbsolptionFineStmcture

Fukai,Y(DepartmentofPhysics,ChuoUniversity)
MetalsandAlloysunderHighHydrogenPressures

Hieda,K.(FacultyofScience,RikkyoUniversity)
DNADamagelnducedbyMonochromaticVacuum-UVandSoftX-RayPhotons

Altun,Z.(DepartmentofPhysics､MannaraUniversity)
PhotoionizationofComplexAtoms

March22,1996

April23、1996

April26、1996

May31，l996

July5,1996

July9,1996

Martensson,N.(DepartmentofPhysics,UppsalaUniversity)
ResonantPhotoemissionandResonantAugerRamanlnvestigationsofAdsorbatesandSolids:Dynamics
ofCore-HoleDecayandCompeting(femtosecondproccsscs)-Coherentvs.IncoherentProccsses Julyl7,1996

Yanagihara,M.(ResearchlnstitutefOrScientificMeasurements,TohokuUniversity)
EffectsoftheCoreHoleonSoft-X-RayEmissions:BIsEmissioninh-BN

Takenaka,H.(NTTInterdisciplinaryResearchLaboratory)
TbchnologyandApplicationonMulti-LayerX-RayOptics

Seki,K.(GradualeSchoolofScience,NagoyaUniverSity)
MolecularOrientationandElectronicStmcturesofOrganicUltrathinFilmsandlnterfaces
StudiedbySynchrotronRadiation

Watanabe,M.(PhotonFactory,KEK)
ResearchonManyElectronEffectsandLineShapesofPhotoelectronandPhoto-Luminescence
SpectraofAlkaliMetals,Mg,andAl

Polack,F(OpticsGroup,LURE)
X-UVandX-RayBeamlineOpticsatLURESuper-ACO

July26,1996

Septemberl8,1996

September27,1996

October25,1996

Novemberl5、1996

Tbkunaga,F(GraduateSchoolofScience,OsakaUniversity)
Light-InducedStructuralChangeofPhoto-EnergyConversionMembrane"PurpleEMembrane''November29,1996

Dietz,K.(UniversitatBonn)

ATheoreticalDescriptionofMoleculesandAtomsInteractingwithShort､IntenseLaserPulses

Cherepkov,N.A.(StateAcademyofAerospacelnstrumentation)
PhotoionizationofPolarizedAtoms:ApplicationsofFreeAtomsandFerromagnets

Ikeda,S.(BoosterSynchrotronUtilizationFacility,KEK)

VisualizingtheHydrogenWaveFunction-IsotopeEffectsinHydrogenBondDielectrics

Ikeda,H.(BoosterSynchrotronUtilizationFacility,KEK)
NeutronScatteringfromPercolatingMagnetswithFractalGeometry

Doyama,M.(TbikyoUniversityofScienceTbchnology)
DevelopmentandApplicationsofPositronMicroscopes
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Decemberl2、1996

December20,1996

January24、1997

February28,1997

Marchl9,1997



MeetingsandWorkshops

SchOolontheNewPowderDiffractometerwithaMultiple-DetectorSystemattheBL-4B
ExperimentalStation

InternationalWorkshopontheGenerationandApplicationofCoherentX-rays

FutureProspectsofStudiesintheVUVandSoft-XrayRegionsatthePhotonFactory

MeetingontheMRLightSourceExperiments

WorkshoponTriplyPhotoexcitedHollowLithium

Kick-ofTMeetingoftheAdvancedPF-AR

WorkshoponXAFSattheAdvancedPF-AR

WorkshopontheMonochromatorfbrtheMRLightSource

PF-SPring-8JointWorkshopontheControlSystem

TheFirstUser'sMeetingfbrAtomicandMolecularScience

TheWorkshopontheFutureofSingle-BunchOperationatthePhotonFactory

TheoretialX-raySpectroscopyWorkshop

Thcl4thPhotonFactorySymposium

Awards

TbukubaPrize,1996

Decemberl2-13,1995

JanuarylO-11,1996

March4-5、1996

March6-7,1996

March8,1996

April25、1996

Mayl3,1996

Julyl2,1996

September24-25,1996

November8、1996

November26,1996

December5-6,1996

Decemberl6-17,1996

MasamiANDO,KazuyukiHYODO(KEK),YasuroSUGISHITlﾍ,YiUilTAI,SadanoriOHTSUKA,TbhmTAKEDA
(Univ.ofTbukuba)

@&Developmentofatwo-dimensionalimagingsusyemforintravenosecoronaryangiographyusingsynchrotron
radiation''

YoungScientestsAwardoftheCrystallographicSocietyofJapan,1996

MamomSUZUKI(KEK)

6@StructureAnalysisofMIFbyMulti-wavelengthDispersionMethodusingGeneticEngineering''

Publications

PHOTONFACTORYNEWSISSNO916-0604
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GRADUATEUNIVERSITY

ADVANCEDSTUDIES

FOR

TheGraduateUniversityforAdvancedStudies

waseStablishedinl988.Ithasthefollowingthree

schools:

SchoolofCulturalStudies

SchoolofMathematicalandPhysicalSciences

SchoolofLifeSciences

KEKhasparticipatedintheGraduateUniversityto

fonntheDepartmentofSynchrotronRadiationScience

andtheDepartmentofAcceleratorScience,bothof

whichbelongtotheSchoolofMathematicaland
PhvsicalSciences.

ヴ

Studen(sintheDepartmentofSynchrotron

RadiationScienceareexpectedtostudythebasic

theoryofgenerationofsynchrotronradiation,its

characteristics,interactionofradiationwithmatter,and

thenengageinresearchbyutilizingvariousfacilitiesat
thePF.AreasoftheSiSresearchincludethe

developmentofradiationsources,opticalelements,and

instrumentsfordiffraction,scattering，spectroscopy,

andirradiationexperimentsaSwellasexplorationof

newareasofapplicationofsynchrotronradiationto

scienceandtechnology.

DOCTORALDEGREERECIPIENTSIN1996

AND1997.

CHOWDHURY,AliZafOr,Ph.D.(March21,1996)
G6GeneralizedHubbardModelforElectronicStatesof

PotassiumDopedZeoliteandBariumBismulhate.''

ThesisAdvisor:K・Nasu

CommitteeChair:T.Miyahara

UCHmA,Masaya,Ph.D.(March21,1996)

"CryStallographicStudyofOlivineinThinSectionsby
theMicro-areaDiffractionMethod..、

ThesisAdvisor:M.Ohsumi

CommitteeChair:O.Shimomura

ZHAO,Jiyong,Ph.D.(March21,1996)
Q@StudyofNuclearResonantBraggScatteringfrom
Synthetic2.2%and95%57FeHematitieSingle
Crvstals.''

ThesisAdvisor:M.Ando

CommitteeChair:T.Miyahara
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ADACHI,'Inkafumi､Ph.D.(March24,1997)

@GStmctualPhaseTransitionandChargeFluctuationsin
NaCl-[ypeRareEarthCompoundsunderHigh
Pressure.

，ツ

ThesisAdvisor:O.Shimomura

CommitteeChair:K.Ohsumi

OKITSU,KoheiPh.D.(March24,1997)

､､DielectricAnisotropyofCobaltCrystalsnearK-
AbsorptionEdgeMeasuredbyUsinganEnergy
TunableX-rayPolarimeterwithaPhaseRetarder.''

ThesisAdvisor:TMatsushita

CommitteeChair:A.Iida

PROPOSALGUIDELINESFOR

EXPERIMENTERSATPHOTONFACTORY

1．HOWTOSUBMITAPROPOSAL

PhotonFactoryisopentoeverybodyinscientific

research.Aproposalshouldbefiledonanew

applicationfonnwhichisavailableonrequestfromthe

ResearchCooperationSectionoftheAdministralion

DepartmentofKEK.Proposalswiththeoldformwill

notbeaccepted.AnapplicantshouldcarefullyreadIhe

guidebeforefilinganapplication.Aspokesperson

shouldgettheagreementofthememberstojointhc
team・

Anoverseasapplicantisrequestedtofindan

appropriate"contactpersoninJapan(CPJ)|',whowill

mediatebetweentheapplicantandKEK*.Please

contactthepersoninchargeoftheexperimentalstation

youwanttouse,ifyoudonolknowanyappropriate

CPJ.He/shewillsuggestthepersonsappropriatefor

theapplicant'sresearchplan.Alistofthepeoplein

chargeoftheexperimentalstationscanbefoundinlhis

report.

Allexperimentalproposalsaresumecttoapproval

ofthePhotonFactoryProgramAdvisoryCommitlee

(PF-PAC).InTable8､wehaveshownthetotalnumber

ofproposalsapprovedbythisPAC.TheCPJwillbe
infOrmedaboutthedecision.

*ThecontactpersoninJapanwillhelpyou

tranSlateJapaneseandEnglish,assiStwithvisa

applicationsandyourexperiments.Inordertoassure

his/heragreementthesignatureorsealimprintofthe

CPJisrequired.



2．CATEGORYOFPROPOSALS

2.1hruniversitvresearchersetc.
‐

Therearefourcategoriesofapplication;

G(General),Sl,S2(Special),P(Preliminary)and

U(Urgent).Thecharacter,processofapprovaland

tennsofvalidityarediHerentamongthosecategories.

GisthecategoryforgeneralexperimentSusing

synchrotronradiation.Deadlinesofapplicationand
validtennsareasfOllows:

Deadlines:

November7,1997(a)andMayl,1998(b)
ValidtermS:

fromApril,1998IoMarch,2000fbr(a)

fromOctober,1998toSeptember,2000fbr(b)

Pisthecategoryforpreliminaryexperimentsin

ordertodeterminethefeasibilityofproposalsfor

categoriesGorS2andforthenewcomersinthisfield.
Therearesomelimitationsaslistedbelow.

l)ThemaximumbeamtimeforoneprqjectisleSs
thanaboutl20hours.

2)Onespokespersoncanhaveonlyonepr叩eCtat
atlme、

3)Morethanthreeproposalsofthisca(egory

cannolbeapprovedforanexperimenlalstation
ataPF-PAC.

Deadlines:

November7､1997(a)andMayl,1998(b)
Validterms:

fromApril,1998toMarch,1999fbr(a)

fromOctober,1998[oSeptember,1999fbr(b)

S1isthecategoryforthoseprOjectsthatrequire

majorapparatusdevelopments.Pleasecontactthe

ResearchCooperationSectionregardingdetailsabout

theSlcategory.

S2isthespecialcategoryforthoseexperiments

thatmayhaveexIremelyhighScientificvalueandmay

needmuchmachinetime.Among[hosecouldbe

experimentsfbrthedevelopmentofadilficulttechnique

orthoserequiringspecialoperationofthestoragering.

PhotonFactorysupportstheprojectsofthiscategory
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financiallywithincertainlimits;thefundscannotbe

usedfortravelexpensesorsalary.AIleastoneJapanese

scientistshouldbeincludedinaleam.Theprocessof

judgementisdifferentfromothercategories・An

applicanthastopresenthis/herproposalorallybefore
thePF-PACDeadlineandvalidtennareasfbllows:

Deadlines:

Seplemberl9,1997(a)andMarch20､1998(b)
Validterm:

fromApril,1998IoMarch,2001fOr(a)

fromOctober,1998IoSeplember､2001for(b)

Theprogressreportshouldbepresentedatlhe

''PhotonFactorySymposium"whichtakesplaceevery

year.

Uisthecategoryforurgentproposalswhich

cannotbepostponeduntilthenexldeadline,andwhich

areofextremelyhighscientificvalue.Onceapprovcd,

theseprqectsmayexcludealreadyassignedbeamtime

fbrolherprqects.Applicantscanapplyatanytimebul
thevalidtennSarelimitedasfbllows:

aprojectapprovedbetweenOcIoberandMarch

untilendofMarch,

aprojectapprovedbetweenAprilandSeptember

untilendofSeptember.

2.2fOrresearcherSinprivatecompaniesetc.

PhotonFactoryisalsoopenforscientistsworking

inprivatecorporationswilhincertainlimits.Howevcr,

afeeischargedfOrbeamlime.

3．ACCOMMODATION

KEKprovidesguesthousesatalowcostfor

visitingscientists. Inthecaseofdomestic

experimenters,pleasecontaclthepersoninchargeof

yourexperimentalstation.Overseasexperimenters

shouldasktheCPJIobookrooms・KEKsupporIs

travelandlivingexpensesfordomesticexperimenters
withincertainlimitsbutdoesnotdosoforoverseas

expenmenters.



4．OTHERS

(1)ExperimentersmustobeythesafetyrulesatKEKヴ

andPF.

(2)Furtherproceduremayberequestedinorderto

CalTyOutanexpenment.

(3)Iftherearequestionsregardingtheprocedures,

pleasecontact

ResearchCooperationSection,

AdministrationDepartment,

HighEnergyAcceleralorResearchOrganization，
FAX:+81-298-64-4602

Table8NumberofproposalsapprovedbythePAC

ResearchField 19831984198519861987198819891990199119921993199419951996

(A)EXAFS4226354061665771696781758550

(B)Biology l81828283238576175899212112196

(C)X-Ray 24297554736561809210911113412790

(D)VUV&SoftX-Rayl912272628283627454455526637

Total 10385165148194197211239281309339382399273
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Proposal
Number

96-GOOl

96-GOO2

96-GOO3

96-GOO4

96-GOO6

96-GOO7

96-GOO9

96-GO10

96-GOll

96-GO12

96-GO13

96-GO14

96-GO15

96-GO17

96-GO19

ListofproposalsacceptedinFY1996

Spokesperson

T.Hattori

SchoolofEngineering,
NagoyaUniv.

T.Hattori

SchoolofEngineering,
NagoyaUniv.

T.Usuki

FacultyofScience,
YamagataUniv.

S.FunahaShi

SchoolofScience,

NagoyaUniv.

M.Ichikawa

CatalysisResearchCenter,
HokkaidoUniv.

Y.Okamoto

FacultyofEngineeringScience,
OsakaUniv.

Y.Yoshimura

NationallnstituteofMaterialsand

ChemicalResearch

H.Sakane

FacultyofEngineering,
YamanashiUniv.

H.Nasu

FacultyofEngineering,
MieUniv.

G.Parkinson

SchoolofAppliedChemistry,
CurtinUniv・ofTechnology

R.J.Kennedy
NationalHighMagneticFieldLaboratory,
RoridaA&MUniv.

Y.Kubozono

FacultyofScience,
OkayamaUniv.

S.Tsunashima

SchoolofEngineering,
NagoyaUniv.

H.Ishida

FacultyofScience,

OkayamaUniv.

T.Ohta

GraduateSchoolofScience,

Univ.ofTokyo

Title

XAFSanalysisofthesupport-efIEcIsonnoblcmelalcatalys(s

StructuralanalysisofGaspeciesinGa-silicatebymeansofXAFS

Short-rangeorderofchalco-bromideglasses

SoIvationstructureofcopper(I)ioninnon-aqucoussoIvents

EXAFSstudiesofthelatticerelaxationofmetalclustersenirapped
inmicro/mesoporezeoliteandtheirsizeeffects

SU･uctureandcatalysisofcompositemetalsulfideclusters
con6nedinzeolite

XAFSstudyonthelocalstructureofnoble-metalsulfidecalalysIs

Analysisoflocalstructureofexchanged-ioninion-exchanged
hydroxyapatite

Studyofthestructureoftheglasseswithlargeopticalnonlinearily

XAFSinvestigationsoftheprecipitationofgibbsite廿om
syntheticBayerliquors

XAFSofferritethinfilms

EXAFSstudyonmetallofUllereneCa@C60

ThecorrelationoflocalstmcturewiththeGMReffeclinmagnelic
ｰ

multilayers

EXAFSstutiesonthestructuralphasetransitionsin
(CH3NH3)2MX6(M=Sn,Pt;X=Cl,Br,I)

EXAFSstudiesofatomicadsorbedstrucIuresonAuandPI

electrodes
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Proposal
Number

96-GO20

96-GO21

96-GO23

96-GO24

96-GO25

96-GO26

96-GO27

96-GO28

96-GO29

96-GO30

96-GO31

96-GO32

96-GO33

96-GO34

96-GO35

96-GO36

Spokesperson

M.Nomura

PhotonFaclory,
KEK

M.Nomura

PhotonFactory,
KEK

Title

XAFSstudiesofcopper-metallothioneinaccumulatedinLECral
liver

XAFSstudiesofmercuryandtincompoundsinfish-eatingbirds

H・Kageyama StructureofimplantedNiandMnionsinsilica
OsakaNationalResearchlnstitute,AIST

M.Yao

GraduateSchoolofScience,

KyoIoUniv.

Y.Katavama
ゴ

FacultyofScienceandTechnology,
KeioUniv.

T.Ogawa
AdvancedScienceResearchCenter,

JapanAIomicEnergyResearchlnstitute

M.Cygler
BiotechnologyResearchlnstitute

M.C・LawrenCe

BiomolecularResearchlnstitute

T.Nonaka

FacultyofEngineering,
NagaokaUniv.ofTechnology

T.Nonaka

FacultyofEngineering,
NagaokaUniv.ofTechnology

T.Nonaka

FacullyofEngineering,
NagaokaUniv.ofTechnology

T.Senda

FacultyofEngineering,
NagaokaUniv.ofTechnology

T.Senda

FacultyofEngineering,
NagaokaUniv.ofTechnology

T.Senda

FacultyofEngineering,
NagaokaUniv.ofTechnology

F.Frolow

TheWeizmannlnstituteofScience

W.Saenger
Inst.fUrKristallogr.,
FreieUniv.Berlin

X-rayabsorptionfinestructuresofseleniumclusterbeam

EXAFSstudyonliquidseleniumunderhigh-pressureandご

high-temperature

XAFSofuraniumsolidandliquidsolutions

HighresolutionstudyoflipasesandcysIeineproleaseproenzymes

Sialicacidbindingproteins

Dynamicstructureanalysisofbovinepancrealicribonucleaseby
time-resoIvedLauemethod

High-resolutionX-raystluctureanalysisofRα"αcczresbeiα"αegg
lectin

DynamicX-raystructureanalysisof7q-hydroxysteroid
dehydrogenasefromEscﾉ1ericﾉ1jqco"

X-raystructureanalysisofthePheBenzymeiTomBaci""
s花arOr/zg/771op/"〃s

X-raystructureanalysisofCalmodulinecomplexedwith
antipsychOticdrugs

X-raystructureanalysisoflmidazoleglycerolphosphate
dehydrates(IGPD)

Highresolutionstructureofbacterioferritin

Crystalstructuredetenninationofphotosysteml
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Proposal
Number

96-GO37

96-GO38

96-GO39

96-GO40

96-GO41

96-GO42

96-GO43

96-GO44

96-GO45

96-GO46

96-GO47

96-GO48

96-GO49

96-GO50

96-GO51

96-GO52

Spokesperson

M.Tanokura

BiotechnologyResearchCenter,
Univ.ofTokyo

H.Sasaki

BiotechnologyResearchCenter,
Univ.ofTokyo

A・Suzuki

SchoolofEngineering,
NagoyaUniv.

K・Fukuyama
FacultyofScience,
OsakaUniv.

B.Mikami

ResearchlnstitutefbrFoodScience,

KyoIoUniv.

N.Yasuoka

FacullyofScience,
HimqilnstituteofTechnology

Tille

Activationandcatalyticmechanismsofacidproleinasesstudied
bvtime-resoIvedLauemethod
ヴ

X-raycrystallographyofthemJornavinreductasefromVめ"o
trscﾉ2eri

X-raycrystalanalysisofreactionmechanismofEsc/1ericﾉ"αco"
glycerolkinase

HighresolutionX-raycrystallographicanalysesofspherical
●

vlruses

X-raystructuralanalysisofsoybeanstorageproteins

Synchrotronradiationstudyofdioldehydrase

T.Matsumoto X-raycrystalanalysisoftuliparylacylamidase
Nationallnst.ofAgrobiologicalResources

H.Mizuno X-raystudiesofsnakevenomanticoagulantproteins
Nationallnst.ofAgrobiologicalResources

K.ltoh

FacultyofScience,
HimejilnsIiluteofTechnology

S.Yoshikawa

FacullyofScience,
HimejilnStituにofTechnology

HighresolutionX-raydiffractionexperimenIsfbrbovinehearl
cytochromecoxidase

X-raydiffractionexperimentsforcylochrome"(､,complexand
NADH-ubiquinonereductase

A.Takenaka X-rayanalysesofthebasicstructuresoffunctionalnudleicacids
FacultyofBioscienceandBiotechnology,
TokyolnstituleofTechnology

A.Takenaka X-rayanalysesof2-oxoaciddehydrogenasecomplexes
FacultyofBioscienceandBiotechnology,づ

TokyolnstituteofTechnology

Y.Shirakihara

NationallnstituteofGenetics

T.Fujii
InstitutefbrChemicalResearch,

KyotoUniv.

Y.Hata

InstilulefOrChemicalResearch,

KyoIoUniv.

T.Sato

FacultyofEngineering,
TokushimaUniv.

X-raycrystalanalysisofnucleotideboundfbnnofU363
complexofFl-ATPase

Crystallographicanalysisofarchaealierredoxin

Smlcturalstudyonreactionmechanismofdehalogenasesby
X-raymethods

X-raystructuresofprolylendopeptidaseandpepase-inhibiting
peptidescomplex
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Proposal
Number

96-GO53

96-GO54

96-GO55

96-GO56

96-GO57

96-GO58

96-GO59

96-GO60

96-GO61

96-GO62

96-GO63

96-GO64

96-GO65

96-GO66

96-GO68

Spokesperson

H.Kumagai
FacultyofAgriculture,
KyotoUniv.

N・Kato

SchoolofMedicine,

NagoyaUniv.

N.Watanabe

PhotonFactory,
KFK

K.Miki

GraduateSchoolofScience,

KyotoUniv.

Tille

X-raystrucIureanalysisofmonoamineoxidasefromEFcﾉ1er/c〃α
co/i

Structuralanalysisofcrystalsofbacteriallipopolysaccharides
(LPS)

Preparationofheavy-atomderivativesusinghigh-pressurenoblc
gas

X-raycrystallographicstudiesofe-Ioxin

T.Hakoshima StrucluralstudyofproteinDNAinteraction
DivisionofSIructuralBiology,
NaralnstituleofScienceandTechnology

J.W.Lee

DonnerLab

LBNL

M.Redinbo

BiomolecularStructureCenter!

Univ.ofWashington

T.Izard

BiomolecularStructureCenier,

Univ.Washington

R.Lancaster

Max-Planck-InstitutfUrBiophysik

S.Iwata

Max-PlanCk-InstitutfUrBiophysik

Z.-Y.Wang

FacultyofEngineering,
TohokuUniv.

K.Tashiro

FacultyofScience,
OsakaUniv.

Y.T可ima
FacultyofScience,
TokyoMetropolilanUniv

F.Tokunaga
FacultyofScience,
OsakaUniv.

I.Hatta

SchoolofEngineedng,
NagoyaUniv.

Structuraldetenninationofthebovineheanmilochondrial

cytochromebc,complex

Crystallographicstudiesofhumantopoisomeraselcomplexedto
DNA

Crystallographicstudiesontheicosahedralcoreofthepyruvale
dehydrogenasemultienzymecomplex

X-raystructureanalysisofthemembraneproleincomplex
filmaratereductasefromWo〃i"e"αs"""1oge""

X-raycrystallographicanalysisofthecytochromecoxidasefrom
Pqr(zcoccIJsde""r伽α"s

ASAXSstudyonlheaggregaledstrucluresofpigmentsfrom
Photosyntheticbacにria

SynchrotronX-raystudyoncrysIallizationkinelicsof
polyethyleneblcnds

RealTangemenlofthinandthickfilamenIsinisometrically
contractingsmoothmuscle

Molecularmechanismoflight-drivenionpump

Studyonphospholipid-phospholipidhydrolysismixturesusing
simultaneousX-raydiffractionandcalorimetry
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Proposal
Number

96-GO69

96-GO70

96-GO71

96-GO72

96-GO73

96-GO74

96-GO76

96-GO77

96-GO78

96-GO79

96-GO80

96-GO81

96-GO82

96-GO83

96-GO85

Spokesperson

P.J.Quinn

DepartmentofBiochemistry,
King'sCollegeLondon

H.Iwamoto

SchoolofMedicine,

TeikyoUniv.

S.Matsuoka

SchoolofMediCine,

SapporoMedicalUniv

K.Hieda

CollegeofScience,
RikkyoUniv.

Title

Dynamicphasebehaviourofmixedaqueousdispersionsof
phospholipidsanddiacylglycerol

X-raydiffracIionsIudyofthemolecularmechanismofresistance
toStretchofmuscle

KineticsoffbnnationoftheripplephaseandtheHIIphasein
lipids

ActionspectraofwetbiologicalsamplesinlheultrasofiX-ray
■

reglon

R.Yokoya X-rayenergydependenceofthesizedistribulionofthefi･agmenIS
JapanAlomicEnergyResearchlnstiturteproducedfromlheirradiatedpolynucleolide

K.Takakura

Depl.ofPhysics,
InlemationalChristianUniv

ThestudyofthemechanisminirradiationefiecIonnucleicacids
byusingpolarizedsoftX-rays

T.Megumi
Researchlnst.fbrAdvancedSci

Univ.ofOsakaPrefecture

PhosphorylalionofadenosinewilhpholonsofK-shellabsomtion
andTech.,edgeofphosphorus

K.Kobayashi
PholonFactory，
KEK

K.Kobayashi
PhotonFaclory,
KEK

K・Kobavashi
ゴ

PhotonFactory,
KEK

1.Nakai

FacultyofScience,
ScienceUniv.ofTokyo

N.Shimqo
InstituteofCommuni[yMedicine,
Univ・ofTsukuba

Y.Ikeda

Dept.ofAquaticBioscicences,
TokyoUniv.ofFisheries

K.Okoshi

SchoolofScienceandEngineering,
IshinomakiSenshuUniv.

S・Sagaki

MaterialsandStructuresLaboratory,
TokyolnstituteofTechnology

X-rayenergydependenceofradiolysisofbiomoleculesin
concentratedaqueoussolution

Absomtionspectraofbiologicalmoleculesinaqueoussolulion

EnergydependenceoflethalefieclonyeaslinsofiX-rayregion

X-raynuorescenccimagingandtotalrenectionanalysisof
aluminuminbiologicalsamples

DevelopmentofacombinationanalysisofSR-XRFimagingand
TUNELsIaininganditsmedicalapplicalion

Assessmentofenvironmentalchemicalpollutantsoverfishby
scalechange

Ontogenelicstudyofvanadiumaccumulalioninthefanwonn
PsE"doporam〃/αocce/am

Structureanalysisofa-SiO,thin61mbyX-raydiffraction

G-24



Proposal
Number

96-GO86

96-GO87

96-GO89

96-GO90

96-GO91

96-GO92

96-GO93

96-GO94

96-GO96

96-GO96

96-GO97

96-GO98

96-GO99

96-Glm

96-G101

Spokesperson

S.Sasaki

MaierialsandStructuresLaboralory,

TokyolnstituteofTechnology

M.Yashima

MaterialsandStructuresLaboralory,
TokyolnstituteofTechnology

M.Ohmasa

FacullyofScience,
HimejilnstituteofTechnology

M.Miyamoto
GraduateSchoolofScience,

Univ.ofTokyo

H・Toraya
CeramicsResearchLabora(ory,
NagoyalnstituteofTechnology

K.Ishida

FacultyofScienceandTechnology,
ScienceUniv.ofTokyo

Y.Takanishi

FacullyofEngineering,
TokyolnstituteofTechnology

T.Enoki

FacultyofScience,
TokyolnslituleofTechnology

S.Morimolo

FacultyofEngineeringScience,
OsakaUniv.

M、K.Sanyal
SahalnstituteofNuClearPhysics

T・Shimura

GradualeSchoolofEngineering,
OsakaUniv.

I.Takahashi

SchoolofEngineering,
NagoyaUniv.

K.Tsuji
FacullyofScienceandTechnology,
KeioUniv.

Y.Waseda

InsiitutefbrAdvancedMaterialsProcessing,
TohokuUniv.

M.Tanaka

PholonFactory,
KEK

Title

Magneticaniso!ropyofYIGandferritebycircularlypolarized
X-rays

Latticeconstanlandoxygendisplacemenlofzirconia-andhafnia-
solidsolutions

Studiesontexluresandtheirorien(alioninfeldsparcrystals

IdentificationoffineexsoIvedmineralinolivineofMartian
■

meteorlte

OptimizationofoperatingsysIemforhigh-resolutionpowder
diffractomeにrwilhmulliple-detecIorsySに、

Studyofhigh-TccompoundsbyX-raypowderdiffractionnear
theabsorptioncdges

PreciseanalysisoflayerstructureinferroelecII･icand
antife汀oelectricsmecticliquidcrystals

MagnetismofBEDT-TTF-basedcharge(ransiercomplexes

Magneticscatteringofchargedisproporlionaleperovskiteiron
oxide

X-raymagneticscalleringstudiesofmullilaycrs

Thestructuralchangeofthecrystallinephaseinthelhennaloxidc
layeronSi(001)substratebypreoxidationandpost-oxidation
anneal

X-raydiffraclionsIudyonsurfacestruclureol､dissoIvingcrysIalA

AmomhizationfromthequenchedhighpressurephaseinllI-V
andII-VIcompounds

StructuralstudyofcomplexliquidsbytheanomalousX-ray
scatteringmethod

CrystallographicsIudiesontherelationshipbetweenmorphology
andstructureofbrookite(TiO､）
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Proposal
Number TitleSpokesperson

Precisestructureanalysisofchargedisproportionateperovskite
oxideCaFeOリ

96-G102 S.Morimoto

FacultyofEngineeringScience,
OsakaUniv.

QuasiperiodicityofAI-Pd-Mnicosahedralphaseperfect
quaSicrystals

96-GlO3 M.Mori

NagoyaUniv

AnapplicationofsuperlatticeFREDfbrstructuredetennination96-GlO4 Y.SoGjima
Facultyofscience,
KyuShuUniv.

Momhologycontrolofpolymer/melal-salIcompositebyan
electricfield

96-G105 O.Urakawa

KyotolnstituteofTechnology

Small-angleX-rayscatteringhomaqueoussolutionsoflong
chainpolyoxyethylenen-hexadecylethers

96-G106 T.Yamaguchi
FacultVofScience

FukuokaUniv.

Metalatomandoxygenvacancyorderinginanionexcessand
aniondeficientnuorite-relatedcompounds

96-GlO8 J.G.Thompson
ResearchSchoolofChemistry,
AustralianNationalUniversity

Synchrotronradiationimagingoftheelectrondensityinand
beyondthebonds:Materialgpropertiesfromdiffractionimages

96-G109 Ｎ
ａ
．
Ⅳ

・
ｅ
ｎ

Ｅ
Ｄ
Ｕ

Maslen

ofPhysics,
ofWesternAustralia

Developmentoftime-spectroscopymethodforelectronsemitted
廿omexcitednucleibyusinganAPDdetector

96-GllO S.Kishimoto

PhotonFactory,
KEK

StructureofmonolayerGaatomsonSi(100):As2×luSing

grazing-angleX-raystandingwavesandsurfacediffraction

96-Gll2 O.Sakata

MaterialsandStruCturesLaboratory,
TokyolnStituteofTechnology

Surfacestructuresofstrontiumlitanatesalhightemperaturesand
structuresofgrowingoxidesurfaces

96-Gll3 H.Hashizume

MaterialsandStructuresLaboratory,

TokyolnstituteofTechnology

96-Gll4 StructureofliquidalkalimetalsandliquidiodineunderpressureK.Tsuji
FacultyofScienceandTechnology,
KeioUniv.

96-Gll5 DensityofliquidTeandTecompoundsunderhigh-pressureand
high-temperature

Y.Katayama
FacultyofScienceandTechnology,
KeioUniv.

96-G116 X-raydiffractionanalysisofmoltenNaClandNaBrunderhigh
presSure

S.Urakawa

FacultyofScience,
OkayamaUniv.

Observationofelementaryprocessinthediamondfonnationfi･om
organiccompoundsunderhighpressure

96-Gll7 A.Onodera

FacultyofEngineeringScience,
OsakaUniv.

96-G118 FonnationofsuperabundantvacanciesinmetalhydridesY.Fukai

Dept.ofPhysics,
ChuoUniv.

DevelopmentoftheTV-typeX-raydetectorsfbrdiffraction
studiesanditsapplication

96-G119 Y・Amemiya
FacultyofEngineering,
Univ.ofTokyo
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Proposal
Number

96-G121

96-G122

96-G123

96-Gl24

96-Gl25

96-G126

96-G127

96-G128

96-G129

96-GI30

96-GI31

96-G132

96-Gl33

96-G134

96-GI35

96-G136

Spokesperson

HYokoyama
ElectrolechnicalLaboratory

K.Uosaki

GraduateSchoolofScience,
HokkaidoUniv.

K.Itaya
GraduateSchoolofEngineerin9,
TohokuUniv.

A.Iida

PhotonFactory,
KEK

K・Akimoto

SchoolofEngineedng,
NagoyaUniv.

A.Onodera

FacultyofEngineeringScience,
OsakaUniv.

I.Shirotani

FacultyofEngineering,
MuroranlnStituteofTechnology

S・Minomura

FacultyofScience,
OkayamaUniv.ofScience

Y.Kubozono

FacultyofScience,
OkayamaUniv.

S.Sasaki

MalerialsandStruclureSLaboratory,

TokyolnstituteofTechnology

M・lmai

NationalResearchlnstitutefbrMetals

S.C.Moss

Dept.ofPhysics,
Univ.ofHouston

HHashizume

MaterialsandSIructuresLaboralory,
TokyolnstituteofTechnology

H.Maeda

JapanAIomicEnergyResearchlnstitute

R.GalTett

ANSTO

G.Kutluk

PhotonFactory,
KEK

Title

Structuresofliquidcrystallinephaseandsolid-likephasein
Langmuirmonolayersofamphiphilicazobenzenederivatives

InSitustudyofGaAssinglecrysIalelectrodc/solutioninterfacehy
surfaceX-rayscattering

Structuralanalysisofelectrodepositedmonolayersonmetaland
semiconduclorelectrodesurfacesinelectrolylesolutions

HighsensitivitylolalreflectionX-raynuorescenceanalysisofSi
wafers

SemiconduclorinlerfacesstudiedbyanomalousX-raydiffj･aclion

Searchforhigh-temperaturephase(s)ofthehigh-pressuremelallic
stateof<IV>compounds

X-raydiffraCtionofmetalcomplexesathighpressure

Atomicpositionofthechalcopylritestruclureunderhigh
pressure

TemperaluredependenceoflatticeconstanlandDebye-Waller
factorinfullerenesuperconduclors

Measuremenlofcompressibilitylbriodine-inlercalaledBi
superconductor

PressureefibclonstructureofNiO

Synchrotronsludiesofinterfacialstructureandepitaxyin
magneticmetallicmultilayerfilms

SurfaceroughnessofcarbonatesduringdepositionandeIching
fromliquid:X-rayscatteringstudy

X-raydiffusescaIIeringofheavyionirradiaにdmalerials

HardX-rayphasecontrastimaging

3dresonanceAugerelectronspectroscopyofrareearthatoms
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Proposal
Number

96-Gl37

96-Gl38

96-Gl39

96-Gl40

96-Gl41

96-Gl42

96-G143

96-G144

96-G145

96-G146

96-Gl47

96-G149

96-Gl50

96-G151

96Gl52

Spokesperson

Y.Azuma

PhotonFactory,
KEK

M.Oshima

GraduateSchoolofEngineering,
Univ.ofTokyo

M.Oshima

GraduateSchoolofEngineering,
Univ.ofTokyo

M.Yoshikawa

PlasmaResearchCenter,
Univ.ofTsukuba

H.Kobayasi
FacultyofEngineeringScience,
OsakaUniv.

P.L.SmiIh

HarvardCollegeObservatory,
HarvardUniv.

K.-P.Huber

SIMS,

NationalResearchCouncilofCanada

K.Furuya
FacultyofScience,
ScienceUniv.ofTokyo

K.Kameta

FacultyofScience,

TokyolnstituteofTechnology

Y.Tezuka

InstilutefbrSolidStaIePhysics、
Univ.ofTokyo

S.Shin

InstitulefbrSolidStatePhysics,
Univ・ofTokyo

S.Tohno

InstituteofAtomicEnergy,
KyotoUniv.

T.Ohta

GradualeSchoolofScience,

Univ.ofTokyo

T.Ohta

GradualeSchoolofScience,

Univ.ofTokyo

M.Yanagihara
Researchlnst・f

TohokuUniv.

forScientificMeasurements,

Title

Multi-electronphoIoexcitationoflaser-excitedalomswith
svnchrotronradiation
‐

AsIudyonquantumdotsfbnnalionbysemiconducIorsurface
control

AstudyonelcctronicpropertiesofexIremelysmallareawithvery
highenergyresolution

CalibralionofVUVspecIromelerforplasmadiagnostics

Chemicalcompositionofsiliconoxidelayersandtheinlerface
states

VUVphotoabsomtioncrossseclionsibrasIronomy

High-resolulionabsoIptioncrosssectionmeasurementsonH､O
andN2attempcraturesof300and20K

SurfaceoxidationofTiNandTixAl,xNstudiedbyXASandXPS

Neutraldecayprocessesofmolecularsuperexcitedstatesproduced
byVUVphotonimpacI-VUVnuorescencemeasuremenl

High-resolulionphotoemissionstudiesofCePd､andCePd、

Preliminaryexperimentofcoincidencespeclroscopybetween
soft-X-rayemissionandphoIoeleciron

ChemicalstateanalysisofsulfurinatmosphericaerosoIsand
●

ralnwater

CandO-KNEXAFSandUPSsIudiesoffuranadsorbedonCu

andNimetalsurfaces

SK-edgeXAFSstudiesonsulfurdioxideadsorbedonPdandPI
singlecrystalsurfaces

Studiesontheburiedinierfacesusingsoft-X-raynuorescence
spectroscopy
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Proposal
Number TitleSpokesperson

Structureanalysisofthinfilminterface96-CO30 S.Komiya
F叩tsuLaboratoriesLtd

96-CO31 X-rayimagingsIudiesM.IIo

CentralResearchLaboratory,
HitachLtd.

96-CO34 DevelopmentofahighpowerCWlineareleclronaccelerator
svstem
グ

K.Tani

PowerReactorandNuclearFuel

DevelopmentCorporation

96-CO43 S.Okude

NKKColP
Chemicalslatedetenninationwilhsynchrotronradialion

96-CO44 M.Ohsawa

FljiElectricComorateReserach
andDevelopment,LId.

Highlysensitivestructureanalysisofthinfilmsbysynchrotron
radiation

96-CO45 T.Kiyokura
InterdisciplinaryResearchLaboratory,
NTT

StudiesofIheelectronicpropel-tiesofnano-struclureswith
undulatorsynchrotronradiation

96-CO47 D.Amano

SumilomoHeavylndustries,Ltd
Basicresearchon[hedesignsIudyofinserliondevices

96-CO49 A.Komura

HilachiZosenCom
Developmeniofmonochromatorfbrhighbrilliancesynchrolron
radiation

Ｇ
Ｕ
Ｓ
Ｒ
Ｙ
Ｃ

General

Urgenl
Special
Preliminary
Approvedforchargedbeamtime.
CollaborationsbetweenthePhotonFactoryandinstitutesofprivatecompanies
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Proposal
Number

96-G154

96-G155

96-G156

96-G157

96-Gl58

96-G160

96-Gl61

96-Gl62

96-Gl63

96-Gl64

96-Gl65

96-Gl66

96-G167

96-G169

96-G170

96-G171

Spokesperson

H・Daimon

FacultyofEngineeringScience,
OsakaUniv.

H.Daimon

FacultyofEngineeringScience,
OsakaUniv.

S.Suga
FacultyofEngineeringScience,
OsakaUniv.

M.Hirai

FacultyofEngineering,
GunmaUniv.

J.N.Varghese
BiomolecularResearchInstitute

H.SchmidtB6cking
InStitutfiirKemphysik,
Univ.FrankfUrt

K.Asakura

ResearchCenterfOrSpectrochemistry,
FacultyofScience,Univ.ofTokyo

N.Ichikuni

ChibaUniv

K.Ebitani

FacultyofEngineering,
TokyolnstituteofTechnology

T.Miyanaga
FacultyofScience,
HirosakiUniv.

K.Kawasaki

NiihamaNationalCollegeofTechnology

Y・Nakamura

GraduateSchoolofScience,
HokkaidoUniv.

T.Tanase

FacultyofScience,
TohoUniv.

H.Kanai

FacultyofScience,
KyotoPrefecturalUniv

Y.Ono

FacultyofEngineering,
TokyolnstitueofTechnology

V.A.Shuvaeva

SchoolofScience,
KwanSeiGakuinUniv

Title

Photoelectronholographyand2-dimensionalphotoelectron
angulardistribution

ARUPSstudiesofmetalatomadsorbedsemiconductorsurfaces,

TiS2andMxTiS2allowIemperaiuI・es

Spin-resoIvedphotoemissionofferromagneticepitaxialfilmsand
superlattices

Structuralstabilityofacidicphospholipiddispersionsystem

Studiesofbarleyglucanaseenzymeswithinhibitor/substrate
complexes

Hedoublephotoionization/excitationmeasurementswith
theCOLTRIMSmethod

Developmentofin-situquantitativecharacterizationmethodof
adsorbedhydrogenonmetalparticlesbyL"XANESspectra

Studiesontheactivesitestructuresofthe2-dimensionally
diSpersedMooxidecatalysts

StudvoninteractionsbetweenRhandrare-earthelementsin
シ

supportedrhodiumcatalyst

Supercoolingandglasstransitioninthedroplets

XAFSanalysisonsupportedpalladiumcatalystsforasymmetric
hydrogenation

EXAFSstudiesaboutthegrowthofmetalparticlesinNa20-BzO､
glasses

AnXAFSstudyonBiorelevantdinuclearcomplexesinvoIving
Mn,Co,Zn,Fe,andRuions

XAFSanalysisfbrhyper6neinteractionbetweennoble
metal-ceria

Structureofrubidiumamidesupportedonaluminaasasuperbase

PolarizedXAFSstudyofphasetransitionsinperovskite-type
compounds
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Proposal
Number

96-Gl72

96-G173

96-Gl74

96-Gl75

96-G176

96-G177

96-G179

96-G181

96G182

96-G183

96-G184

96-G185

96-G186

96-G188

96-G189

96-G190

Spokesperson

J.-C.Park

Dept・ofChemistry,
PusanWomen'sUniv

T.Murata

KyoIoUniv.ofEducation

J.-H.Choy
CollegeofNaturalSciences,
SeoulNationalUniv.

S.Funahasi

GraduateSchoolofScience,

NagoyaUniv.

H.Uwe

InstituleofAppliedPhysics,
Univ.ofTsukuba

HTakechi

FacultyofEngineering,
FukuokalnstituteofTechnology

K.Asakura

ResearchCenterfOrSpectrochemistry,
FacultyofScience,Univ.ofTokyo

I.Watanabe

GraduateSchoolofScience,
OsakaUniv.

l.Nakai

FacultyofScience,
ScienceUniv.ofTokyo

C.Numako

FacultyoflntegratedArtsandSciences,
TokushimaUniv.

J.-H.Choy
CollegeofNaluralSciences,
SeoulNationalUniv.

Title

XAFSsIudiesontheanioninにrcalalionofK2NiF｣-Iypemelal
oxides,La2.xANMO4"(A=Nd,Sr;M=Co,Ni,Cu)

XAFSstudiesofthelocalstructureofmonobromonaphthalene

dissoIvedinsupercriticalXe

X-rayabsorptionspectroscopicinvestigationfbrtheelectronicand
geometricstructuresofthesuperconductingandinsulating
layer-by-layernanocomposites

Structuredelenninationoftheprecursorcomplexforelectron
transferreactionsbylhetime-resoIvedXAFSmelhod

LocalstructureofLi-MnspinelcomplexoxidesIudiedbyEXAFS

StructuralanalysisonsoftfelTitelreatedbymechanicalalloying

DynamicstudyonstructuresofMo,W-carbonylsentrappedin
Zeoliteporebyphoto-exidationreaction

XAFSstudyonthegas/liquidinterface

InsituXAFSanalysesofthecharge-dischargeprocessesinlhcLi
secondarybatterymaterials

CharacterizationofmetallicelemenIshighlyaccumulatedin
animaltissues

XAFSstudiesonthelocalsmlctureofnanosizedsemiconduclor

particlesstabilizedinlayeredmalrix

M.Matsuura RollofsmalladditivesinthefOnnationoftexIured

MiyagiNationalCollegeofTechnologymicrocrystallinesbyHDDRfbrNdFeB

H.Takebe

InlerdisciplinaryGradualeSchoolof
EngineeringSciences,
KyushuUniv.

LocalstructurearoundNd'.ionswithsmallconcentrationin

oxideglasses

H.Ohno EAXFSofirradiatednon-crvstalsolids
ご

JapanAtomicEnergyResearchlnstitule

J.-H.Choy
CollegeofNaturalSciences,
SeoulNationalUniversity

M.Tanokura

BiotechnologyResearchCenter,
Univ.ofTokyo

X-rayabsomtionspectroscopicsIudyonthemetal-oxygen
bondingnalurein4dtransitionmetaloxide

X-raycryslallographyofsomemutantsofmalalcdehydrogenase
from77zerm"sβαw“
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Proposal
Number

96-G191

96-G192

96-G193

96-G194

96-Gl96

96-G197

96-G198

96-G2m

96-G201

96-G202

96-G203

96-G204

96-G206

96-G207

96-G208

Spokesperson

M.Tanokura

BiotechnologyResearchCenter,
Univ.ofTokyo

H.Sasaki

BiotechnologyResearchCenter,
Univ.ofTokyoo

O.Nureki

GraduateSchoolofScience,

Univ.ofTokyo

Title

X-raycrystallographyofGlu58-carboxymethylaledRNaseTI

X-raycrystallographyofbrazzein,asweetprolein

X-raycrystallographyofaminoacyl-IRNAsynthelasesand
thecomplexwithitssubstrates

T.Tada

ResearchInst.fbrAdvancedSci

Univ.ofOsakaPrefecture

X-raysIructureanalysesofenzymesintheTCAcycleofE"glF"α
andTech.,gmci/is

H・MaIsuzawa

FacultyofAgriculture.
Univ.ofTokyo

H.MaIsuzawa

FacultyofAgriculture,
Univ.ofTokyo

P.D.Carr

ResearchSchoolofChemistry,
AustralianNationalUniv.

Crystallographicanalysisofextended-spectrumb-lactamase
Toho-lfromE.co"TUHl2191

CrystallographicanalySisofacidstablexylanasefiOmAspeﾉg〃/【“
kawac/1〃

Crystallographicstudiesoftheextracellulardomainofthebela
subunitoftheinterleukin-5receptor

J.Martin X-raycrystallographicstuidesonproleinfoldingfactors
CenterfbrDrugDesignandDevelopment,
Univ・ofQueensland

S.W.Shu

CollegeofNaturalSciences,
SeoulNationalUniv.

K.Scott

GarvanlnstituteofMedicalResearch

D.I.Stuart

LaboratoryofMolecularBiophysics,
Univ.ofOxfbrd

S.Ikemizu

InstituteofAppliedBiochemisiry
Univ.ofTsukuba

M.Kusunoki

InstituleofProteinResearch,

OsakaUniv.

Y.Hata

InstitutefOrChemicalResearch,

KyotoUniv.

A.Kita

GraduateSchoolofScience,

KyotoUniv.

Synchrotronhigh-resolutiondatacollectionol､nucleicacid-acting
enzymeS

SinglecrystalX-raydiffractiondataforcomplexesof
phospholipaseA2andinhibitors

Crystallographyofbiomedicallyimportantproleins

CrystallographicstudiesoncelladhesionmolcculeCD31

X-rayanalysisofthecatalyticmechanismofUDP-glucose
pyrophosphorylase

StructuralstudyofreactionmechanismofP.Q2〃4g"1o"alkalinc
protease

X-raycrystallographicsIudiesofmetapyrocatechase
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Proposal
Number

96-G209

96-G210

96-G211

96-G212

96-G213

96-G214

96-G215

96-G216

96-G217

96-G218

96-G219

96-G220

96-G221

96-G222

96-G223

96-G226

Spokesperson

K・Kitadokoro

FacultyofScience,
KyotoUniv.

H.Yamaguchi
InstituteforProteinResearch,
OsakaUniv.

M.Guss

DepartmentofBiochemistry,
Univ・ofSydney

Title

X-raycIystallographicstudiesofphotolyase(DNA
photoreactivatingenzyme)

Structuralstudyofcopper-containingmonoamincoxidase

Proteincrystallography:Metalloproteinsandglycosaminoglycan
degradingenzymes

N.Tanaka Structureanalysisofcytochromec554
FacultyofBioscienceandBiotechnology,
TokyolnstituteofTechnology

N.Tanaka StructureanalysisonthennophiliclPMDHcomplexedwithlPM
FacultyofBioscienceandBiotechnology,
TokyolnstituteofTechnology

H.Moriyama StructureanalysisoflPMDHwiththcT-jumpLauCmethod
FacultyofBioscienceandBiotechnology,
TokyolnstituteofTechnology

S.Harada

FacultyofPhannaceuticalScience,
Univ.ofTokyo

H.Kato

InstitutefbrChemicalResearch,

KyotoUniv.

Dynamicalcrystalstructureanalysisofproteases

Time-resolvedcrystallographyofCNbondligasesbyLaue
diffiaction

N・Kamiya CrystalstructureanalysisofAﾉeⅨ〃αα14m"〃αlectin
InstituteofPhysicalandChemicalResearch

Y.Kawano X-rayclystalstructureanalysisofbleomycin-bindingproteinand
InstituteofPhysicalandChemicalResearchitscomplex

Y.Hiragi
InstitutefbrChemicalResearch,

KyotoUniv.

Y.Hiragi
InstitutefbrChemicalReSearch,

KyotoUniv.

M.Tanokura

BiotechnologyResearchCenter,
Univ.ofTokyo

K.Kuw"ima
GraduateSchoolofScience,

Univ.ofTokyo

S.Ueno

FacultyofAppliedBiologicalScience,
HiroshimaUniv.

S.Doniach

GinztonLaboratory,
StanfbrdUniv.

Pressureeffectontheassociation-dissociationofhydrophobic
e

proteln

StructureandkineticsofGroELoligomerfbnnationby
temperature-jump

AnalysisofthefbldingintemediateofASpe堰"/"s"igeﾉ･acid
proteinaseA

DynamicstructuralchangeofchaperoninGroELinitsfilnctional
states

DynamicsofpolymorphictransfOnnationsintriacylglycerols

Time-resoIvedsolutionX-rayscatteringstudiesofproteinfblding
usingtheCCDX-raydetector
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Proposal
Number

96-G227

96-G228

96-G229

96-G230

96-G231

96-G232

96-G233

96-G234

96-G235

96-G236

96-G237

96-G238

96-G239

96-G240

96-G241

96-G242

Spokesperson

H.Maezawa

SchoolofMedicine,

TokaiUniv.

K.Takakura

IntemationalChristianUniv

H.Mori

SchoolofMedicine,
TokaiUniv.

T.SaiIo

JichiMedicalSchool

M・Tanaka

PhotonFactory,
KEK

Title

Effectsontheenzymeactivityoftheinnershellphotoionizationin
thetargetatomsinducedbyX-rays

EnhancementeffectofstrandbreaksinDNAinducedbvsoft
‐

X-rayirradiationthroughplatinumatomictargel

DetenninationofseleniuminsitubymonOchromaticsynchrotron
radiationexcited-X-raynuorescencespectrometry(Total
renectionmethod)

Cytochemicalstudyofthemetabolismintherelinawithzooming
tube

Perovskite-typeREAlO,:phaselransitionstudiesalelevated
temperatures

K.KawasakiObservationofrecrysIallizationprocessofmelallicmaterialsby
NiihamaNationalCollegeofTechnologygrainprmectionmethod

A.Iida

PhotonFactory,
KEK

M.Wakatsuki

InstituteofMaterialsScience,

Univ.ofTsukuba

Characterizationoflocallayerstructureofsmecticliquidcrystal
byX-rayゴ

Characterizationofmetallicimpurities(Ti,Zr,andCu)inhigh
puritysyntheticdiamond

K.Sakurai Chemicalcharacterizationoftracemetalsinsmallliquiddrop
NationalResearchlnstituleforMelals

H.Horiuchi

GraduateSchoolofScience,

Univ.ofTokyo

A.Nukui

NationallnstituteforResearchin

InorganicMaterials

Y.Kubota

OsakaWomen'sUniv

H.Ishibashi

CollegeoflntegratedArtsandSciences,
Univ.ofOsakaPrefecture

K.Koto

FacultyofIntegratedArtsandSciences,
TokushimaUniv.

Y.F叩i
InstitutefbrSolidStatePhysics,
Univ.ofTokyo

I.Takahashi

SchoolofScience,
KwanseiGakuinUniv

Perovskit-typeRAIO]:Analysesoflatticedefonnationand
structurechange

Structuralstudyofphoto-conductiveglassesbyRDF

StructureanalysisattheelectronleveloftheLavesphascs

ElectrondensitydistributionoftriangularlaUiceVX2(X=Cl,
Brandl)

Structurerefinementofmetastablealuminamicrocrystal

Latticedimerizationofspin-PeierlstransitioninNaV30､

X-raydiffractionstudyonmicrocrystallinilyonSi(001)and
itselectronicproperites
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Proposal
Number

96-G243

96-G244

96-G245

96-G246

96-G247

96-G248

96-G249

96-G250

96-G251

96-G252

96-G253

96-G254

96-G255

96-G256

96--G257

96-G258

Spokesperson

K.Sakaue

SchoolofScience,
KwanSeiGakuinUniv

H.Maeda

JapanAtomicEnergyResearchlnstitute

M.Takata

SchoolofEngineering,
NagoyaUniv.

E.Matsubara

GraduateSchoolofEngineering,
KyotoUniv.

J.Mizuki

JapanAtomicEnergyResearchlnstitute

M・Sakala

SchoolofEngineering,
NagoyaUniv.

Title

Synthesisandcharacterizationofgradientmonochromators

Astudyoflowtemperatureirradiationinducedsmalldefectsby
X-raydiffusescatteringatlowtemperalure

StudiesonstructureandquantumsizeeffecIsofnanocrystals
ワ

embeddedinglass

StructuralstudyofSi-O,Si-N,Si-O-Namomhous(hinfilmsby
grazingincidenceX-rayscatteringmethod

XAFSandDAFSstudiesonhighethinfilmofSrTiO,and
(SrBa)TiO]

AstudyofisotopiceffectsinKDPbyimagingofhydrogenhond

N.Ikeda ChargeorderingstructureinLuFe204
AdvancetResearchlnSl.fbrSci.andEng.,
WasedaUniv.

H.Horiuchi

GraduateSchoolofScience,

Univ.ofTokyo

E.Ohlani

GraduateSchoolofScience,
TohokuUniv.

S.Endo

ResearchCenterfbrExtremeMaterials，

OsakaUniv.

S.Nanao

InstituleoflndusmalScience,

Univ.ofTokyo

Y.Kondo

FacultyofEngineering,
TohokuUniv.

K.Akimoto

GraduateSchoolofEngineering,
NagoyaUniv.

K.Sakaue

SchoolofScience,
KwanseiGakuinUniv

N.Wada

FacultyofEngineering,
ToyoUniv.

T.Nanba

FacultyofScience,
KobeUniv.

StructurestudiesonCeAIO3andCeGaO,

Detenninationofthephaseboundariesand(herateof
transfonnationofMg2SiO4

HighpressurephasetransitioninantiferroelectricPbZrO，

Thebehaviorofquasicrystalsunderhighpressureandhigh
temperatures

DefectproductionbyBr-andl-lscoreexcilalioninKBr,KIand
Rblsinglecrystals

Latticestrainsatthesemiconductorsurface

CharacterizationofextremlythinBaTiO,films

Structuralanalysisofalkali-metalintercalatedlayeredsilicale

PressureinducedStructuralphasetransitioninCuBrmicrocrystals
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Proposal
Number

96-G259

96-G260

96-G261

96-G262

96-G263

96-G264

96-G265

96-G266

96-G268

96-G269

96-G270

96-G271

96-G272

96-G273

96-G274

Spokesperson

K.Kobayashi
PhotonFactory
KEK

H.Hashizume

MaterialsandStructuresLaboratory,

TokyolnstituteofTechnology

J.Chabov

ICMA,
CSIC

F.Itoh

FacultyofEngineering,
GunmaUniv.

H.Sakurai

FacultyofEngineering,
GunmaUniv.

T.Kato

Univ.ofTsukuba

A.Kakizaki

InstitutefbrSolidStatePhysics,
Univ.ofTokyo

Y.Horikoshi

SchoolofScienceandEngineering,
WasedaUniv.

T.Koizumi

CollegeofScience,
RikkyoUniv.

T.Nagata
FacultyofscienceandTechnology,
MeiseiUniv.

K.Nakagawa
FacultyofEducation,
KobeUniv.

K.EdamoIo

FacultyofScience,
TokyolnstituteofTechnology

K.Akimoto

InstituteofAppliedScience,
Univ.ofTsukuba

J.Kawai

GraduateSchoolofEngineering,
KyotoUniv.

Y.Nihei

InstituteoflndustrialScience,

Univ・ofTokvo
ヴ

Title

SpinpolarizedstatesinperovskiteMnoxidesbymeansof
magneticcirculardichroism(MCD)

MagneticroughnessofmultilayerinterfacesprobedbyX-ray
scattering

Relationshipbetweenhydrogenuptakeandmanganesemagnetic
momentinstabilityinR-Mncompounds:XCMDinvestigation

AstudyofX-raycircularmagneticdichroismandmagnelic
comptonscatteringofactinidecompounds

MagneticstructureofCo/Agmultilayers

Detenninationofgamet-perovskitetransitioninMgsilicate
system

Hea(-loadtestsofawatercooledabsorberforhighbrillianl

synchrotronlightsource

Astudyofsurfaceelectronicstatesofmetastablealloy
semiconductorcrystals

PhoIoionizationof4delectronsinsingly-chargedions

Measurementinlhe4dregionofabsolutephoIoionizationcr()ss
sectionsfbrrare-earthatoms

FundamentalprocessesofradialionefYeclinaromalicmolccular
crystal

Angle-resoIvedphoIoemissionsIudyofZrC(100)and(lll)
surfaces

Angle-resoIvedphotoemissionstudiesofphthalocyaninelhin
61ms

Photoelectronspectroscopyofinsulators

Studyoninterfacedefectsonheteroepitaxiallayersbyscanned
energyphotoelectrondifiTaction
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Number
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96-G276

96-G277

96-G278

96-G279

96-G280

96-G281

96-G282

96-G283

96-G284

96-UOO2

96-SOOl

96-SOO2

96-POOl

96-PM2

Spokesperson

K.Furuya
FacultyofScience,
ScienceUniv.ofTokyo

H.Shimada

NationallnstituteofMaterialsand

ChemicalResearch

Y.Fukuda

ResearchlnstituteofElectronics,
ShizuokaUniv.

K.Ono

GraduateSchoolofEngineering,
Univ.ofTokyo

J.Kawai

GraduateSchoolofEngineering,
KyotoUniv.

M.Oshima

GraduateSchoolofEngineering,
Univ.ofTokyo

A.Enomoto

PhotonFaCtory,
KEK

A.Mondragon
MolecularBiologyandCellBiology,
NorthwesternUniv.

N.Hiramatsu

FacultyofEngineering,
FukuokaUniv.

M・Hidaka

FacultyofScience,
KyushuUniv.

Y.Noh

Depl.ofMatedalsScienceandEngineerin9,
Kwangulnst.ofScienceandTechnology

S.Kikuta

GraduateSchoolofEngineering,
Univ.ofTokyo

T.Yagi
InstiluteforSolidStatePhysics,
Univ.ofTokyo

N.ShimQjo
InstituteofCommunityMedicine，
Univ.ofTsukuba

Y.Aso

KyuShuUniv

Title

StudyondissociativeadsorptionofNObyXASandXPS

ResonantpholoemissionstudyonelectronicsIructureofbinary
sulfidecatalysts

Photoelectrondiffractions(udyoflnP("l)-(4×2)surfaceand
sulfUr-treatedsurfaces

ElectronicsIruclureofsurfacenano-sIruclures

SpinstateanalysisbyX-raynuorescenceyieldX-rayabsorpIion
spectroscopy

SoftX-rayelectronspectroscopyofatomicscalesemiconductor
interlayer

VibrationandalignmentissuesonlinacbeamcharacterisIics

StructuralstudiesoftypelDNAtopoisomerases

Transfbnnationbehaviorofbio-relatedmaにrialsamong
gel-glass-crystallinestates

ColTelationbetweenlocalstructuredistortionsandspin-Peierls
transitionofCuGeO,

SynchrotronX-raystudyoncrystallizationprocessofamorphous
BSTandPZTfilms

Fundamentalstudiesandapplicationsofnuclearresonant
●

scatterlng

Structureofthelowermantlebasedonthehighpressureandhigh
temperaturei"s帥ｲX-raydiffi･actionStudy

StudiesoninteractionbetweenmercurycompoundsandCu,
Zn-SODbyEXAFS

Small-angleX-rayscatteringstudiesonthestabilityoflipoale
acetyltransfbrasecore
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Number
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96-POO4

96-Pm5

96-POO6

96-POO7

96-POO9

96-PO10

96-POll

96-PO12

96-PO14

96-YOO1

96-YOO2

96-YOO3

96-YOO4

96-YOO5

96-Y"6

Spokesperson

H.Tsubakino

FacultyofEngineering,
HimejilnstituteofTechnology

H.Masuda

FacullyofEngineering,
TokyoMetropolitanUniv

M.Shiono

FacultyofScience,
KyuShuUniv.

M.Yamamoto

InstituteofAIomicEnergy,
KyotoUniv.

K.Sayama
NationallnstituteofMaterialsand

ChemicalResearch

S.Imamura

FacutlyofEngineeringandDesign,
KyotolnstituteofTechnology

H.Wada

GraduateSchoolofEngineering,
KyotoUniv.

T.Tanimori

FacultyofScience,
TokyolnstituteofTechnology

M.Terasawa

FacultyofEnigneering,
Him可ilnstituteofTechnology

S.Tsuneta

FacultyofScience,
ヴ

Univ.ofTokyo

K.Kubodera

InterdisciplinaryResearchLab
NTT

M.Sagara
MitsubishiChemicalCorp

K.Iinuma

NECCorp

S.Sato

FujitsuLaboratoriesLtd

K.Kuroda

CentralResearchLaboratory,
HitachiLtd.

O.Kaida

MatsushitaTechnoresearchlnc

Title

Effectsofadditionofthirdelementsonprecipitationof6'phase
inAI-Liternalyalloys

MeasurementofopticalprOpertiesofmetalnanohole-a汀ay
membrane

StructuredetenninationofNi(NH,)6Cl2inlow[emperaturephase

ARUPSstudiesonthechangeintheelectronicstructureofTiand
Hf(O"l)byoxygenadsorption

EffectofLionCO2hydrogenationoverzeolitesupportedRh
catalysts

Localstructuresofcompositemetaloxidespreparedbyrapid
hydrolysisづ

XAFSmeasurementsofthefieldinducedvalencetransition

systemsbasedonEu

ThetesIforX-rayrealtimeanalysisandpolarization
measurementswithMSGC

Studyofradiationdamageinnuclearreactormaterialby
topographicobservation

CalibrationofXUVmultilayertelescopeaboardsoundingrocket

Matedalsanalysisusingsynchrotronradiation

ThestructuralanalysisofRu-SncatalysisbyXAFS

Photo-chemicalreactionexperimentsandX-rayoptics

ExposuretestsbysynchrotronradiationinBL-17A,BL-17B,
andBL-17C

BL-8A;sofiX-raydiffractometry,X-rayabsomlionSpectroscopy,
softX-raymicroprobe.B;EXAFSexperimenIs,totalrenection
measurement.C;lithography,microprobeexperiments,
microX-raydiffi･actometry

XAFSStudyofNickelhydroxide
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Number

96-YOO7

96-YOO8

96-YOO9

96-YO10

96-COO1

96-COO2

96-COO3

96C-004

96-COO5

96-COO6

96-COll

96-CO12

96-CO17

96-CO20

96-CO22

96-CO25

96-CO27

Spokesperson

K.Suzuki

CentralResearchLaboratory,
HitachiLtd.

K.Yoshimi

NECCom.

S.Sa(o

FujitsuLaboratoriesLtd

T.Yamazaki

SANAnalysis&ConsultingService

Y・Ohishi

TsukubaResearChLaboraly,
SumilomoChemicals,Inc.

S.Kimura

MicroelectronicsResearchLaboralories,

NEC.Com.

M・Imafuku

AdvancedMaterials&Technology
ResearchLaboratories,

NipponSIeelCorporation

S.Kawado

ResearchCenier,

SonyCom.

S.Nakagawa
KawasakiHeavylndustries,Ltd

S.Yasuami

ULSIReserachCenter,

ToshibaCorp.

H.Hashimoto

TorayResearchCenter

K.Ogawa
FujiPhoIoFilmCo.,Ltd

N.Ishikawa

PetroleumEnergyCenter

Y.Ikelaki

ResearchDevelopmentCorporationofJapan

T.Akai

MiIsubishiChemicalCom

K.Sudo

MitsuiToasuChemicals,Inc

K.Murakami

NiconCom.

Title

BL-8A;sofIX-raydiffractome(ry,X-rayabsomlionspectroscopy,
softX-raymicroprobe.B;EXAFSexperimenIs,IoIalreneclion
measurement.C;lilhography,michoprobeexperiments,
microX-raydiffractometry

SoftX-raylilhography,photo-chemicalreaclionexperimentsand
X-rayoptics

ExposurelesIsbysynchrotronradialioninBL-l7A､BL-l7B,
andBL-l7C

EXAFSstudiesonlhestructureofNisupporledcalalysis

SmallangleX-rayscatteringstudyfordynamicalstrucu[re
changeofpolymers

Evaluationofsemi-conductorcrystalswilhullra-preciseX-ray

optics

Thedynamicsofmaterialsprocessingstudiedbysynchrotron
radiation

DevelopementofprecisecharacIerizaionlechniquesfbr
semiconductor

BasicsIudyofdiagnosticapplicalionsofSRmonochromalic
X-raystomedicine

AnalysisofmicroscopicstructuresusingsynchroIronradialion

StudiesofmeltsbymeansofXAFS

LocalstructurcanalysisofphoIographicsilverhalides

StudiesofcatalysIsfbrcrudeoilprocessingwilhsynchrotron
radiationEXAFS

MeasuremenlandanalysisofsoftX-rayabsomtioncrosssections
ofatomsandmoleculesirradiatedwithultravioletlight

Strucuralstudiesoncomplexesusedibrliquifiedphase
autoxidationbyXAFS

XAFSstudiesofmetalcatalysIsfbrpolymerresinsynthesis

CharacterizationofX-raymultilayerreneclingmi汀orsusing
synchrotronradialion
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Proposal
Number Spokesperson Title

96-CO30 S.Komiya
FIjitsuLaboraloriesLtd

Structureanalysisofthinfilminlerface

96-CO31 M.IIo

CentralResearchLaboratory,
HilachLtd.

X-rayimagingStudies

96-CO34 K.Tani

PowerReactorandNuclearFuel

DevelopmenICorporation

DevelopmentofahighpowerCWlineareleclronaccelerator
svsIem
ヴ

96-CO43 S.Okude

NKKCorp
ChemicalsIatedetenninationwithsynchrotronradiation

96-CO44 M.Ohsawa

FLjiElectricComorateReserach
andDevelopment,Lld.

Highlysensitivestructureanalysisofthinfilmsbysynchrotron
radiation

96-CO45 Studiesoftheelectronicpropertiesofnano-SIruclureswith
undulatorsynchrotronradiation

T.KiVokura
ゴ

InterdisciplinaryResearchLaboraiory,
NTT

96-CO47 D.Amano

SumilomoHeavylndustries,Ltd
Basicresearchonthedesignsludyofinsertiondevices

96-CO49 A.Komura

HitachiZosenCorp
Developmentofmonochromalorfbrhighbrilliancesynchrotron
radiation
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A.ELECTRONICPROPERTIESOF

CONDENSEDMATTER(SOFTX-RAY
REGION)

usingarenormalizedbandpiclurc.

AnolhcrexamplcisonYh4As,,whichshowHa

heavyfcrmi()nhehavioratlowtcmperaturcsinspilc()f
anextremelVIowcarrierconccntration.Thismaにrial

showsastrucluralphasctransilionaITI=288Kfroma

valencenuclualingslalewithacubiccryslalstruclure

tochargeordcrcdslalcwithalrigonalstructure.ltis

aboul231KfOrx=().12,thechargcordcringandphase

lransitionarcstronglysuppressedforx=0.29.Thc

electronicpropertiesarcfoundlodraslicallychangcin

Yb4(As,_xSbN)]mixedCrystals.Thcresultforx=0.12is

showninFig.2,wherelhcstabilizationoi､lheYbﾕ十SlatC

on31ong<lll>chainSandslabilizationoftheYI"

slale()na<lll>shorlchainisclarined.Thenarrowing

mechanismofthcYh4fStateisalsoclarified.Ithas

beenconfirmedthallhespindcgreeoffreedomis

decouplcdfromthcchargedegreeoffreedomallow

tempcratures.

1HIGH-RESOLUTIONPHOTOEMISSION

SPECTROSCOPY

High-rcsolutionphotoemissionspectroscopyis

nowastandardlooltoprobetheelectronicsirucluresof

variousmalerials.suchascorrelatedelectronsvstems.
ゴ

Aphotoemissionsystemwithhighenergyrcsolution

wasconstrucledinthe92SOO2prqcct.Theinstrumenl

comprisesofaSCIENTASES200analyzeranda

liquid-Hecryostat.Theprojcctwasrunbya

collaborationofoutsideusers'groupsandthePholon

Factoryinternalstaff.LowtemperaluresdowntollK

couldbeachievedwithtemperalurcregulation.Thc

resolutionofthcanalyzerisbetterthan30meVIThc

totalrcsolutionmosllydependsupontheresolutionof

themonochromator.Inthel25eVrcgion､lbrexamplc,
thelotalresolutioncouldbebetterthan40meV.Thc

wholesystemisopentoalloutsidcuserswhohave

activeproposalsacceptedbythcprogramassessing
committee.

Byusingthissystemintensivestudieshavebecn

madeforYbandCecompounds、whichhavestrong

electroncoITelations.Figurclshowsatypicalresultoi、

theKondoresonancepcakofaKondoinsulalor､YbB,2,

resoIvedbythishigh-resolutionphotoemission

instrument.TheKondoresonancepcakwas()bserved

atabout25meVbelowtheFermilevel,inagreement

withthcKondotcmpcratureofabout220K.Thegap

asaKondoinsulatorisresoIvedintheB2pvalcncc

bandallowphotonenergies.Thecoexislcnceofthe

Kondopeakandthetransportgapcanbeunderstood
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Fig.2 TemperaturedependenceoftheYb2.andYb3+

photoemissionspectraofaheavyfermionsystem
Yb4(As｡88Sbm2)3･

ltisknownthalresonanccpholocmissionisa

powerfultechniquc1.orrevealingdetailsaboullhc
electronicstructures.The4dcorcresonanccexcilalion

providesmuchinformalionilhoulthc4felectr()nic

sIatesinCccompounds.Thc4/comp()nentsare

definilelyresoIved,asshowninFig.3,bytakinglhc
dil.fcrencchelweenthcresonanccmaximum(122cV)

tmdminimum(114cV).Thelcmperaturcdependcnce

OfthesespectraclarifiesthatlhclailofthcKondopcak

abovcthcFermilevelisobservcdinthepholocmission

spcclra.AIheoreticulanalysisispcrformedbascdon

thcNCAcalculationintheimpurityAndersonmodel.
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Fig.1KondoresonancepeakofYbB12revealedby
high･resolutionphotoemissionat30K.Thephoton
energiesarea)21.2,b)40.8andc)125eV.
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m,andlOm;theirlinedcnsitiesare600、1200,and

24001ines/mm,respectively.

TheSXESspectraofYNi2B2C,asanexamplcof

mulliternarycompounds,weremeasured.A

comparisonoftheconvolutedC-andB-prqjectedDOS

curveswithlheobservedCK-andBK-SXESspectra

showsthatbolhspectracoincidewitheachother.We

thusconcludethattheSXESspectraandthevalence-

bandphotoelectronEDCofYNi2B2Ccanbeinterpreted

intermsoftheenergy-bandpicture.Furthennore,itis

foundthatthefractionalDOSattheFermiedgeis

higherinsuperconduclingYNi2BzCthaninnon-

supercOnductingLaNizB2C.Thisisconsistentwiththe

predictionoftheenergybandcalculation.

Thetransition-metal(TM)-2p-SXESofseveral

transitionmetalcompounds,suchasSc,Ti,V,Cr,and

Mncompounds,hasalsobeencarriedout.Strong

inelasticscallcringwasfound.Theinelasticscattering

intransitionmetalcompoundscanbeelucidatedbythe

d-dtransitionandthecharge-transfertransilion,lhough

thecoincidencewiththeoryisnoIverygood.

SeveralSXESstudiesaboutsemiconductors,such

asSi,BN,P,AIAs,andBP,havcbeencarriedout.

SIronginelasticscatteringaswellasthefluorescence

Spectrawasfound.Comparedwithabandcalculation,
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BindingEnergy

Fig.3Ce4/photoemissionspectraoftypicalCe
compounds.

Suchstudiesshouldbeextendedtohigherphoton

energieswithveryhighresolutioninthenearfuture.
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Softx-rayemissionspectroscopy(SXES)has

recentlybeencarriedoutbyusingsynchrotron

radiation;ithasbeenfoundthatSXESgivesimportant

informationabouItheinteractionofmatterandlight.

SXEShasaclearselectionruleabouttheangular

momentum,becauseitisadipoletransition.llis

causedmainlywithinthesameatomicspccies,becausc

thecoreholeisstronglylocalized.Thus,thepartial

componentsofthedensityofstatesIocalizedatanalom

canbestudiedbySXES.Itisespeciallyevidentfor

lightelement,suchasB,C,N,andO.Furthennore,lhe

inelastic-light-scatteringprocessbyvariousexcilation

photonenergiescorrespondingtotheresonancestateof
theelectronicstructurehasbeenfoundinthesoftx-ray

regionforseveralmaterialsaswellasforthe

nuorescenceprocess.

Experimentswerecarriedoutatundulator
beamlinesBL2BandC.BL16B、andBL19Banda

bend-magnetbeamline(BL3B)installedatPF.ASXES

spectrometerusestheRowlandcirclegeometryin

whichtheinputslit.sphericalgrating,andmultichannel
detectorlieonthefocalcircle,whoscradiiarc5m,7
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Fig.4(a)B1s-Total-yieldspectrumofcBN.(b)Dots
showB1s-SXESspectraand(c)their
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SPECTROSCOPY

themomentumconservationbetweenanexciled

electronandavalenceholewasfbund.
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Spin-rcsoIvedphoIoelectronspectroscopyis

utilizedtoinvestigatethespin-depcndcnteleclronic

sIructuresofmagneticmalerials.suchasibrromagnets,

magneticcompounds,magnclicthinfilms,multilayers,

andalomsandmoleculcs,adsorbedonmagneticand

non-magncticsolidsurfaccs.Itisalsousedasaunique

experimentalmethodIoinvestigalclherolesofthe

elcctronspin,whichappcarsinmanyelectroneireclsin

phoIocxcilationanditsdeCayproccssCs，whichare

observedasmagneticlincarandcirculardichroism,

spinpolarizedphotoeleclrondiffraction,spin-resoIved

valencebandandcorelcvcIphoIoeleclronspectra,spin

polarizationofAugerclectronspectraandsoon.AI

thePhotonFactory,spin-resoIvcdphotoemission

experimentswerepe㎡ormedaItheRevoIverundulator

beamline(BL19A)usingalOO-keVMoltscattering-

【ypeeleclron-spinpolarimcter.

InFigs.6(a)and6(b)weshowasetofmajority

andminorityspinspectraofthcNi(110)valencebands

observedinnormalcmissionforcxcilationenergicsof

between20and90eV.Thebinding-Cncrgydiffcrence

bctweeneachcorrespondingpeakinthemajorityand

minorityspinspectraisdueloexchangesplitting.The

spectralfealuresofihemajorilyandminorityspin

spectraconsisIoftwomajorpeaksandsatellites,and

showaphoton-energydcpcndence,whichcorresponds

Iothedispersionalongther-K-Xdirection.Bya
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Fig.8Schematicofcharge,spin,andorbitalorderingin
alayeredperovskitemanganite,La｡5Sr,5Mn｡4.

temperaturestruclure・Theatomic-scatteringfactor

neartotheabsorption-edge(EA)isrepresenledbyf(E)

=fb+f(E)+if'(E)asasumoftheThomson-scattering

factorandtheanomalous-scatteringfactor.Sinccthe

EAofMn3+willbeaslightlyshiftedfromEAofMn4,
wecanexpectanenhancementoftheCOsuperlattice

peaksneartoEA.Wereallyobservedananomalyof

thesuperlatticepeak(3/2,3/2,0)neartoEAatT=29.6

K.Theenergydependenceofthesuperlatticeintensity

agreedwellwiththetheoreticalcurve,whichwas

calculatedfromtheexperimentallyobtainedf(E)and

f!(E)ofMn]+andMn4+.Thisisdirectevidencethatthe

altematingMn3+/Mn4+patternisfonnedintheCOstate.

B.Orbitalordering(OO):wesupposedtheOO

patternofegeleCtronsinMn"basedonthespin
configuralion、asshowninFig.8,becausetheSpins

willbeparallelinthedirectionofthespreadofthe

orbitalsbyadouble-exchangc-likemechanism.The
unitcellofthisOOmodelisJIa×､/回a×c.Weusedthe

ATSrenectiontechniqueinordertoobservesucha
OO､3!TheATSreflectionmeansIhal''forbidden|'

renectionsarecausedbytheanisotropyoftheX-ray

susceptibilityofatoms,i.e.theatomic-scatteringfactor,

duetotheasphericityoftheatomic-electrondensity

andsoon.ThisanisotropyisverysmallintheX-ray

region,andinconventionalX-raydiffractiontheories

thetensorofsusceptibilityissupposedIobcisotropic,

namely,theatomic-scalteringfactoristreatedasa

scalar.However,neartotheX-rayabsorptionedgesthe

anisotropyislargelyenhancedthroughrcsonant

scattering,sothattheATSreflectionsbecome

measurable.Sincethetensorofsusceptibilityof

S-5

Mn]+(1)isnOtequivalenltothatofMn]+(2)intheOO

stale,asshowninFig.8,theATSrellectionsshouldbe

observcd.Wereallyobservedaverylargcenhancemenl

oftheOOsuperlallicereflection(3/4,3/4,0)atE=

6.552keVIwhichisslightlyhigherthantheabs()rption

edgcofMn3+.Wealsoobscrvedthetypicaloscillation

oftheATSreflectionaroundthescatteringvector

(azimuthalscan).Thecalculatedcurvecanwellfitthe

experimentaldatawilhonlyoneparameterofthe

magnilyingfactoroftheintensityaxis.Thisisthefirst

strOngevidenceofOOinthissystem.

Thetemperaturedependenceoftheintensityof

theCOandOOsuperlatticepeaksindicalethalthe

spin-orderingtransitionandconfigurationisbasedon

theCOandOOstate.Moreover,theCOmayfollow

theOO.IlisconsideredthatthisOOiscausedbya

reductionoftheCoulombcncrgy.Namely,the

anisotropyofchargemotionduetotheOOavoidsan

increaseintheCoulombenergy:iftheorbitalofMn3*

onadiagonalisextendedinthedil･ectionofthesamc

Mn4+､thcCoulombenergywillbeincreasedonthe

Mn4+SitebythechargClransl℃r.AsaresultofthisOO,

theCOwillbecauscd.Thus,theOOinthissystem

shouldbedistinguishedfromthcOO,whichis

stabilizedbyacooperativeJahn-Tellerdistortion.

X〃"rakα"",PF
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2 NON-RESONANTX-RAYMAGNETIC

DIFFRACTIONSTUDIESOF

FERROMAGNETS

Non-resonanlX-raymagneticdiffractionis

knowntobcauniquetoolbywhichamagneticform

faclorcanbeseparatedintothcorbitalandspinparts

(LSseparation).''Thewhite-beammethod2)ofX-ray

non-resonantmagneticdiffraction,dcvelopedearlyin

thel990's,provedtobcapowerfultoolformeasuring

accuratemagneticformfacIorsofferromagncIs

comparabletothoseofneutron-diffractionexperiments.



Here、wepresentthelatesilworesultsofnon-

resonantX-raymagnelicdiffractionexperimentsmade

atBL-3Cl.OneisthcLSseparationexperimenlof

hcp-Tbby(hewhilc-beammethod.Theolheristhe

firstapplicationofaphaseplatetoanon-resonanlX-

raymagneticdiffractionexperiment.Inlhelatter,no(

onlythephaseplatcwassuccessfullyapplied[otheX-

raymagneticdiffractionbutalsothemagneliceffect

couldbeenhancedbyncarlyanorderofmagniludeby

combiningalinearpolal･izerwiththephascplalc.

Firstly,thcLSseparationmeasurementofTbis

prcscnted.Wemeasuredtheflippingralioofthe

diffractionintensilyofthe(103)planeofiblTomagnetic

hcp-Tbat80K.Thenippingratio(R)isdcnnedas,(I+

-1_)/(I++I_),wherel+isthediffractionintensilyofthe
onemagnelizaliondirectionandl_isthatofthereversed

magnetizaliondireclion.FromtheX-raymagnetic-

scatteringtheory,!)Risrcpresentedas

R(d)=("(D/mc])fp{L(k)(cos(q)+Sin(U))+2S(k)sin(U))/n(k)、
where方①andmc2arelheenergiesoftheX-raysand

lhcclcctronrestmass,respectively,fpisthe

polarizationfactor,definedasPc/(l-PI),wherePland

Pcarethedegreeol､lincarandcircularpolarizationof

lhcincidenlX-rtiysonthcspccimen､respeclively,L(k),

S(k)andn(k)arethcformfactorsoflheorbital

magneticmomcnt,lhespinmagneticmomenlandthe

clectronchargc,respcctivCly,andUistheangle

betwecnlhcdircclionsofIheincidenlX-raysandthe

magnetizationoi､Ihespecimcn.Frommeasurementof

RforlwodiffcrcnlU's,theL(k)/n(k)andS(k)/n(k)

were()btained.

Inthiscxpcrimenllhemagnetizationdirection

wasalongilscasyaxisofIO101.Wcmcasuredthe

nippingratio(R)lbrthereciprocal-lallicepoinIsof(hO

3h)(h=2,4,5,6)andforthoseofthecrystallographically

cquivalent(-hO3h)(h=2,4.5,6).TheangleUwas

76.3oforthe(h()3h)and13.7ofor(-hO3h).Fromlhe

observedR(76.3｡)andR(13．7o),L(k)/n(k)and

S(k)/n(k)wereohlaincd,andareshowninFig.9.This

resultwouldbelhefirstexplicitseparationofthetotal

magneticformfactorintotheorbilalandspinparts.

ThesolidanddashedlinesinFi9.9arethecalculated

L(k)/n(k)andS(k)/n(k)fortheTb¥3(4fH)ionunderthe

dipoleapproximalionandHund'srule. The

experimentaldalawellreproducethecharacteristic
iEalureofthecalculatedcurves.

SeCondly,ancnhanccmcnlofthemagneliceffect

oi､Ihenon-resonanlX-raymagneticdiffraclionis

shownbyusingalinearpolarizerandaphaseplalefor
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Fig.9Experimentalandcalculatedformfactorratios,

L(k)/n(k)andS(k)/n(k),forpuremetalicTb.

thefirsilimc.Aphascplateol.lhelransparenttypewas

recenllydeveloped.])Synchrolr()nradiationejccled

fromabcndingmagnclwasmonochromalizedbya

Si(lll)dOuble-crystalmonochromaIor.Then,theX-

rayswerepassedlhroughthephaseplateofadiamond

singlecrystal,wheretheincidcntlincarpolarizalion

wastransformedtoanothel･polarizalionslatcofPland

Pc・ThcvalucsofPlandPc,andhencefp,were

controllcdlhroughanoffsetangleofAefromihe

diffractionconditionatthephasc-plalecrysIal.Thc

monochromatizedandpolarizedX-rayswereincidenl

onapureironsinglecrysIal,whichwasseIsoIhallhe

(220)dil､fraclionwouldlakeplaceinthehorizonlal

planewilhascatteringangleoi､90o.Weusedthe(333)

reflcclionatthemonochromatorl､orBraggscattering,

whichwas43.2｡,cIoseto45｡;lhcn,lhemonochromaIor

funclionedasalinearpolarizerducloalargeexIinclion

ratiooi､52().Wemeasurcdlhcllippingratio(R)ofthc

Fe(220)diffractionfbrvariousAe's.TheobscrvedR

valuesareploltedinFig.10.ThcmaximumRamounls

２
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０
１
２
－
一

50

（
叩
○
一
）
匡

0今

-50

- 202

Ae(103sec)

Fig.10Experimentalandcalculatedflippingratio,R,of

theFe(220)diffractionintensityforvariouso什set

angles,Ae's,ofthephaseplatecrystal.
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(02×10.2,whichisnearlyanordcrofmagnitudelarger
Ihanthatmc"urcdbVIhcwhilc-heammethod

ダ

previously,｣'andisthelargeslamongthoseever

measuredinthenon-resonanlX-raymagnetic

diffractionofferromagnets.Thecorrespondingfpis
55.Thisenhancementisdueloanincreaseinlhe

degreeoflinearpolarizationbylhelincarpolarizerand

precisecOntrolol､lhepolarizalionbythephaseplale.In

Fig.lOthecalculalcdcurveofRisshownasasolid

line,andtheexperimentandcalculationagreewell.

(a)8=60deg

渋一恥FwHM1,3eV
－

－IXS

CK－ed

N

2“

ENERGYLOSS{eVl

0

M.ﾉro,"/"匂//"s""ｨ/eqMPch"o/og)'
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3INELASTICX-RAYSCATTERING

SPECTROSCOPY

3.1Introduction

Sincehothlhccnergyandmomentumtransferred

canbeparameters.[heinelasticX-rayscaltering(IXS)ヴ

§pcctrap()sses5varinusinformationwhichislargely

unexploited.ThereasonforlhepaucityofthelXSS

sludiesliesiniIsweakintensity.Recentdevelopmentsご

ofinserliondevices,however,aremakingitpossibleto

obtainqualitylXSspectrawithinareasonablespanof
time.

ThedifiもrentialcrosssectionoflXSSisexprcsscd

intermsofthedynamics(ruclurcfactor(S(q,E))as
fOllowS:

2Ⅸ）

ENERGYLOSSIeVl

0

Fig.111nelasticscatteringspectraofliquidbenzeneat

scatteringanglesof60"(a)and90｡(b).lnserte

(b)isanelectronenergylossspectrumofgas
phasebenzene.

|nsertedin

scatteringspeclrumwhichdependsonthescattering

anglcisobserved.Then,atanencrgylossof284eV,

whichistheK-absorplionenergyofcarbon,[hereisan

onsclofanX-rayRamanspectrumfollowedby

XANES-likefeatures,whichdonolchangewiththe

scatieringanglc.TheimplicationoftheseinelasIic

ScallcringspectraisdcscribedindelailinlhefOllowing.

偽』倍}sMｅ
Ｏ
ｅｌ

死

ぴぴ

錘
(1)

whereEandqarelheenergyandmomentum

translもrred,andS(q,E)isrelalcd[othewavefunclions

oI､theinitialandfinalsIatesofthcsystemby 3.2IXSbycOreelectrons:X-rayRaman

Spectroscopy(XRS)

(1=",I!,『■'|)ZS(q,E)= 6(E-En).(2)
ThcX-rayRamanscattcringisaspecialcascof

IXS,whCreqrineq､2issmallenoughthatthe

cxponcntialtermcanbeapproximatedasl+iqr.The

condili()nqr<<lisHilliS｢icdi｢IhcspatialSpreadofihe
wavei､LInctioninvoIvedissmallasthoseofcore

eleclrons.Then,thedipoleapproximalionisjustified

I

IXSScanbcclassificdaCCordinglothe

magniludesofqandE.Figurellshowstheinclaslic

Scallcringspcclril｢romliquidbcnzenclakcnal

scalteringanglcsof60oand9()o.Tbthelowercncrgy

sideoftheexcitingline,ahroadCompt()n-like

S-7



XANES､consistscntirclyofthelransilionto7t.stalcs.

Althoughnotshownhere,XRSoftheNedgetha(sIarl

at402eVcanalsobcoblainedbyjustchangingthc

energyoftheexcitingX-rays.

andthematrixelCmcnlinthedynamicstructurefactor

isreducedto<Hqrli>,whichisinprinciplethesameas

thatforabsorplionandemission.Hence､XRSgives

csscntiallythesamespectraasthesoftX-ray

absorption,buthasseveralexperimentaladvantages.

BecauseX-raysareused,XRSisfreefromthevarious

problemsthatplaguesoftX-rayspectroscopy,c9.,

surfacecontaminalion,acharge-upphenomenon，stray

lighI,andthenecdofavacuum.Awideenergyrange

canbeeasilysurveyedwithoutchanginglhc

experimentalconditions.Inparticular,ascanbe

understoodfromtheinsertofFig.12,thecrystalaxis

canbepreciselyalignedparallelorperpendicularloq,

allowingaperfectseparationofO(intheplane)and

7r(perpendiculartotheplane)(ransitionsforlayered

compounds,likcgraphiteandhexagonalboronnilride

(h-BN).

Figurel2showsthescatteringspectraofah-BN

singlecrystallakcnwiththescatteringangleeither

parallelorpcrpendiculartothecrystalc-axis.The

mcasurementwasperformedatBL-16A,amullipole

wigglerbeamlinc.ScatteredX-rayswereanalyzed

withapolychromatorequippedwithacylindrically

bent5()×50mm2Ge(440)crystalhavinga550mm

radiusofcurvature.Asisevidentfromtheformofthe

matrixelemenl,qinXRSplaysthesameroleasIhe

polarizationvectorinabsorptionspectroscopy.Since

lhec-axisofh-BNisperpendiculartothelayerorthe

ringplane,in-planetransitions(1s→O'stalcs)are

forbiddenintheqllcconfiguration,whilethosc

perpendiculartotheplane(Is→兀.states)areforbidden

inq_Lc.ItisunambiguouslyconcludedfromFig.12

thatthefirstbandall92eV,whichhasbeenemployed

forthedeterminalionoftheorientationofh-BNby

3.3IXSbyvalenceeleCtrons

Eqs.land2arcquitegeneral､andshouldbeused

whenqr<<ldocsnolhold,eg.forinelasticscaltering

fromvalenceelectrons.Thethus-oblainedS(q,E)has

broadphysicalimplicalions.Thegcneralizedoscillalor

sIrength(GOS),df(q,E)/dE.iSanexample.GOSis

definedby

う

(fl="
df(q,E)

ⅨI=,,:¥
ー

dE
6(E-En).(3)

Here,aoistheBohrradiusandRthcRydbergconstant.

GOSisanonnalizedquantityandcanbemadeabsolutc

byapplyingtheBethesumrule,

i虹型dE=N
ldE

(4)

FromGOS,variousproperticsofmattercanhe

cxIracted:thedieleclricresponsefunclion,thestopping

power,thepolarizabilityandsoon(M.Inokuli,Rcv.

Mod.Phys.43,297(1971)).Inparticular,GOScanbe
usedtodedvetheabsolutcvaluesoflhestaticstruclure

faClor(S(q))､whichisrelatedtotheelectron-pair

correlalionfunction,andisaverycorrelation-sensitivc

quantily,asisevidenlfrom
‐

s(q)=IS(q,E)(IE(5)
（）

〉(IIr(r!,r:)expliq(r,-rJldrdr:-|F(q)|ﾕ｡+N.二二

Here.r(r,､r2)istheIwo-electrondcnsity.F(q)the

elastic-scatteringfaclor,Nthenumbcrofeleclronsin

thesyslem｡and<--->,,thesphericalaveragC.

TheglobalvariationofaGOSoverextcnded

rangesofenergyandmomentumtransferredisbesI
illustratedinaformcalledtheBethesurface,which

conlainsallinfonnalionabouttheinteractionsbctwccn

maltel･andelectronsorphonons.Althoughthc

significanceoftheBethesurfaceisoftenstressedlbw

cxperimentaldeterminationshavebeenreportedsofar.

Figurel3showstheBethesurfaceofliquidwater
viewcdfromtwodifferenldircctions. The

measurementswerecarriedoutatBL-16Awilhthc

一
望
一
色
．
・
星
』
毎
｝
◇
一
〔
』
』
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ENERGYLOSSIeVl

180

Fig.12XRSspectraofh-BNsinglecrystalneartotheBK
absorptionedge.Solidline:qllc,dots:q_Lc.
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bondformationcffecIsintoconsideralion.Asaresull,

theS(q)calculatedbylAMdeviatessignificantlyfrom

theobservedone.Ontheolhcrhand,theS(q)
calculatedbyMO-CI,whichlakebothcorrelationand

bondlbrmationintoaccount,almosIcoincideswiththe

observedone.IIshouldbestressedthatthetotalenergy

whichisusuallyusedtoqualifywavefunctionsisnot

sensilivetoeleclroncorrelationcffecIs.Thus,S(q)

makcsacruciallestlojudgcthequalilyof

wavcfunctionsfromtheviewpoinlofcorrelation.

MeasurementsofS(q)andcomparisonswith

calculalionsareinprogressonmorccomplicated
molccules.

)<(/tjagawa,乃ﾙok"(ﾉ"んe応in’
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4NUCLEARRESONANTEXCITATIONOF

'6'DyAND!g'Eu

SincetheSuccessofSynchrolronRadialion(SR)-

cxcited"Fcnuclearresonanceexcitation,several

M6SSbauerisotopeswerereportedtobeexcitedbya

SRpulse，suchas''|'Sn,!6I)Tm,8]Krand!8ITa.ThefirsI

nuclearexcitationof!6IDvand';'Euwasobservedihis
ジ

ycar,whichwereaddcdtotheSR-cxcitedM6sshaucr

elcmcnIslist.!)Onedifficultyinthiscxperimenlwas

thcpoordetectionefficiencyoftheavalanche

pholodiodedetector(APD).Becauseboththe

resonanceenergicsof!6IDyand'#!Euarcoverlhan

20keV,theAPDhasonlyl%de(cclionefficiencyl､or

thescenergies.Insleadofdetectinglheresonancc

photons,wedetcclcdthenuclearrcsonantL-Xrays

fluorcscence,forwhichenergiesthcAPDdelcclion

efficiencyisafewlcnpercent.

TheexperimcntwascarriedoutallheX-ray

undulatorbeamlineAR-NE3.Theexperimcnlal

arrangementiSshowninFig.15.ThccxcitationX-ray

wasmonochromatedbyawater-coolcdSillldoublc-

cryslalmonochromalorandbyahigh-resolutiononc

comprisingoftwoSi660channel-culcrystalswitha

dispcrsivesetting.Thclime-delaycdfluorescence

componentswereobscrvedasafunctionoftheincident

X-rayenergy;theresultsareshowninFig.16.Thc

timcdccayofnuclearresonantnuorescenceof!6'Dy

andMIEufrom30nsI()90nsareshowninFig.17.Thc

half-limeof!6!Dyand!5IEuare29.4±l.9nsinFig.17
and9.3±0.3ns,respectively,consistentwiththevalues
intheliterature.2)

Furthermore,lhenuclear-resonantenergiesol、

'6'Dyand!;!Euwercdeterminedbascdonasilicon

Fig.13Bethesurfaceofliquidwaterviewedfromtwo

differentdirections.Thedotsareforgasphase
wateratq=0.

sameexperimentalsetupasthatfortheX-rayRaman

scalteringstudies.FromGOStheimaginaryaswellas

therealpartofthedielectricrcsponsefunctioncanbe

calculatedasafunctionsofbothqandE､andS(q)can

alsobedetenninedbytheuscofeq.5.

Figurel4showsacomparisonoftheobscrved

S(q)withcalculatcdonesbyusingwavefunclionsof

varioussophisIication.Anindependentatommodcl

(IAM)withaHartree-Fockapproximation(IAM-HF)
doesnottakeelectroncorrelationaswellasmolecular

8

溝鳶口
6

４

（
ご
）
め

２

0

0 123

q{a.u.}

Fig.14ComparisonoftheobservedS(q)ofwaterwith
variouscalculations.
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|ntensitiesofthetime-delayedLfluorescencefrom

'6'Dyand'5'EuversusincidentX-rayenergies.

4030607080

time(ns)

Fig.17Time-decayprofilesof"6Dyand'5'Eu.ThetimeFig.16

startingpointistheSRpulse;thenoiseeventsare

negligibleafter30ns.

parl,whichiSduetor()om-temperalurcnucluationsand

lhcaccuracyofitsmcasuremenl;(ii)thediffraction

angleparl,whichinCludesthemissalignment、cryslal

til[,indcxofrefraclion,diffractionprofiles､precisionol.

therotationlable,accuracyoflheangularencoderand

soon.DuringIhemeasurement,thetemperalurc

fluctuationwasO.2K,andtheaccuracyofthe
thermoscncerwas().1K.Thereforc,lhecontribulioI1oI、

lirstpartwasestimatcdlobewithinO.8ppm.I(issmall

incomparisonlothalofpart(ii).Theincidenccx-ray
beamwaSO.2(H)×l.0(V)mm',whiChiscIose(oIhe

crystalrotationaxis,withinO.3mrad;lhelillanglcsol、

lhctwolatticeplaneswcreadjustedtowithinl.7mrild.

crystallatticeconstant(0.5431018nm,al22.5｡Cand

latm.).Forthc25.65keV!6!DyrcsonanCecnergy;

Laue-diifractionconditionsofSi(12120)(8B=38.lo)

anditscrossedlalliccplanc(888)Braggdiffraclion

(OB=49｡)wereselected;fOr21.54keV!､IEu,(10100)

(9B=48.6｡)and(777)(OB=40｡)ofthesamecrystal

wasused.Thcsctwodiffractionpairsoccurinturn

whenthecrystalisrolatcdwilhinasmallanglerangcof

3degrees,whichcanberealizedbyatangenl-bar-

drivcnhigh-rcsolutiongoniometerequippedwitha

rolaryencoder.DiffractiOnprofilesofSi(12120)and

(888)areshowninFig.18.SysIcmaticalerrorscould

bcconsideredasfollows:(i)thecrystal-latticeconstant

S-lO
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REFINEMENTOFCOMPOSIT

MODULATEDSTRUCTURESUSING

HIGH-QUALITYSINGLE-

MICROCRYSTALDATAFROMBL14A

1．『on

Compositemodula(edstrucluresareasubsctof

modulalcdorhigherdimensionalstructureswhichcan
beunderstoodasIwosLlbstruclurcsofdiffcl･ent

pcriodiciliesintergrownontheatomiclevel.Thealoms
inonesuhsIructurcinlcraclwiththeatomsintheother

Iooptimisethcirchemicalenvironments,i.e.lheir

coordinationpolyhedra.hondlcngthsandnon-bonding

interaclions.Consequently,cachsubstruclurc

modulatestheothcrtomutuallysalisfythcirchemistry.

TheTa,O,-WO3pseudo-binarysysIcmcontainsan

extcnsivcsolid-solutionwithacompositemodulated

Slruclurc.ThiSsolidSOlulion,(1-x)Ta)O,×WO,,()≦x≦

0．267､canbeconsideredashavingananion-deficicnl

d-UO]-lypestructure.Theeleganceofacomposite

modulalcdstrucluraldescriptionofsuchphasesislhat

thesamcstructuraldescriptionappliesacrossthccnlire
solidsOlulion.

Tbunderstandincryslalchemicaltcrmswhylhese

StructuresareabletoadaptconlinuouslyacrosSSuch

widecompositionrangesitisncccssaryIohavcvcry

accuratelydeterminedsirucluralparamelersbolhin

termsol､Iheatomicpositionsandcompositional

orderingacrossthcirrespcctivecomposilionranges.

CollectingsinglemicrocrystalX-raydiffraction

datausingahigh-nuxsynchrotronsourceonBL-14A

allowsfor(hea(lainmenIofgood-qualilydatawhich
arerelalivcIvfrccofsvsIcmaticcrrorsassociatcdwith

ヴ ヴ

absorptionandsecondaryexIinclion.Othcradvanlages

arethelowbackgroundand,particularlyrelevantfor

thesubjccIsysIems.theabilitylocnhanccscatlcring

contraslbelweenneighhouringclcmentshytuningthc

cnergyto.iustbelowanahsorptionedgeforthelighter
oftwoclcmen(s.

Inlhissystem,struclureshavebeensucccssI､ully

refineda(Iwodifferentcompositionsfromwithina

Holidsolulion.DalawcrecollectedfrOmmicrocrystals

ol､(1-x)TIIzO3×WO1､0≦x≦0.267,asolidsolutionatx
=().267!'andO.14.2'TherefinedsIructures'I･4!hoth

ShowedagradualevolulionofthcTa/Wcoordinalion

polyhedronfromdistortedoctahcdral(4+2)to

pcnlagonalbipyramidal(5+2)(seeFig.19)withlhcW

-2-1013456

relativeincidcntangle(arcsec)

Di什｢actionsofSi(12120)and(888)fora

resonanceenergyof!6'Dy.Theabscissaisthe
relativeincidentanglefortheLaue(12120)and

Bragg(888)di什ractions.Theanglebetweentwo
di什ractionpeakswasobservedtobe2.89334｡.

Fig.18

Thesctwotcrmsinterfercwiththeaccuracy()fthc

diffractionanglesbyaboul1.4!lradandO.711rad,

respectively・TherolaryencodCr(CanonX-IM)hasan

angularresolulionof0.00001o.andtheaccuracyis
betlerthanlarcsecforaround.Sincethemeasuremenl

rolatedthegoniomclerwilhin3degrees,lhiserror
couldbeconsideredlobewithin0.211rad.Thctotal

errordescribcdaboveiscsIimatedtobelessthan6ppm.

Fromlheexperimcntalresulls,theresonance

energyof16!DywasdeterminedIobc25､65130=t
0.00016keV.Thisvalucagreesfairlywellwilhtha(in

theliterature(16'Tb25.65135±0.()()003kcV).3)Thc

resonanceenergyof1i!Euwasmeasuredas21､54150i

0.00014keVunderthesameexperimcntalsiluationas

16IDy,whichis440ppmlargerthanthatinthelilcralurc
(21.532±0.()08keV)')andinexcessofthcsIandard
devialiontherc.

X.Z/1α"g,PF

Reference

l)IchiroKoyama,YOshitakaYoda,XiaoweiZhang,

MasamiAndoandSeishiKikuta:Jpn.J.Appl.

Phys.35(1996)6297

2)RichardB.FircsIoneetal.Ed.!'Tahlcoflsotopeg!

eightedition.1996,JohnWiley&Sons.INC.A

Wiley-InterscienccPublication.AppendixC

NuclearspecroscopyStandards.

3)ibid.Pagcl555
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atomstendingIooccupythefOrmer.

Whenthedisplacementsofthemetalandoxygcn

alomswerepresenledintheir4-dimensionalformas
atomic-modulationfunclionsitbecameclearthatthe

displaciveFouriercoefficientsforeachofthestructures
wereidenticalwithin30,theonlydifferencebctween

lhetwostruCturesbeingthemagniludcofthe
modulationwavc-vector.Inotherwords,when

describedasacompositemodulatedstructure､theone

setofdisplacemcnlparametersapplicsacrossthesolid
solution.

ThechemicaldrivingforceunderlyingtheW

atom'sprefercnceforthedistortedoctahedralsitcsis

illustratedbyplottingthebond-valencesum6)ofthe
metalatomsiteasafunctionofq.Tmodulo,aninteger

(Fig.20).Despitethcgradualevolutionofthe

coordinationpolyhedron(Fig.19)themctalandoxygen

atomsubstruclurespcrturbeachotherinsuchawayto

asgcncraieanalmostbimodaldismbulionofchemical
environments,i.e.siteswhichcanaccommodaleWand

siteswhichcannot.AdirectobservationoftheTa/W

composilionalmodulalionwasachievablesinceitwas

possiblctoenhancelhescatteringcontrastbelweenTIi

andWusinganomalousscattering,bycolleclingdata

jus(bclowthe'IIILIIIahsorptionedge.
ThennedetailcontainedintherCfinemenlresults

ofthiscomposilemodulatedstruc[uredemonstratesthe

uniqueadvanlagesofohtaininghigh-qualilysingle

microcrysIaldiffracliondatausingahigh-flux

synchrotronsource.

､ﾉ.C.77Ioﾉ77pso",A"s〃α"α〃Ⅳα〃o"αノ〔ﾉ"ん

Rei℃rences
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一b

↓
a

Fig.19Portionofthefinalreiinedx=0．14structure
prolecteddownthecaxisdirectionwithequatorial
oxygens(O)andmetals(M)representedbysmall
andlargecircles,respectively.
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2． OPTICALPROPERTIESOFErIMPURITY

INInPDIRECTLYRELATEDTOLOCAL

STRUCTURESAROUNDErATOMS

EI･cmitslightatl.511m,whichisIhewavelenglh
attheminimumtransmissionlossofthesilica-based

fiberandisstablcatambienttemperature.Theusefor

oplicaldevicesintheopticalcommunicationsystems

hasbecnattractingmuchattention.However.thc

inlcnsityoftheluminesccnceisgreatlydependenton

thegrowthconditions.Figure2Ishowsanexample.

Thepcakintensityatl.5411mchangesbyalmosIonc

ordcrofmagnitudewhenthcgrowthtemperalurc

changefrom550｡CIo610｡C.Thisdependencewas
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Fig.21PhotoluminescencespectrafromErinlnP・The
intensitydependsstronglyonthegrowth
temperature.

thesameforanErconcentrationof2×10'Mcm'.Since

thel.5IAmluminescenceisduetoanintra-shell

transitioninEr*3,itisperturbedbyonlythencar-

neighboratomsarrangement.Therefore,XAFS

measurementattheEredgeshouldbelhebesI-suited
methodtorevealthelocalstructuresaroundtheEr

atoms.ThefluorescenceXAFSmeasurementwas

conductedatbeamlineBL-12C、whiChwaSnewly
constructedforXAFSmeasurementsondiluteand

ultra-lowquantityclcmentS.

Figure22showsXAFSoscillationsforseveral

samples.EvenallhcscIowErconcentrations

(uniformlydopcdinlmm-thicklnP)high-quality

signalswereobtaincd.Inthefigureitisobservedthat

1heperiodsandamplitudesaredifferentamongthose

grownathighcrlcmperatures(Z580｡C,indictedby

012345678910

RadialDistance[A]

Fig.23FouriertransformofXAFSoscillationsinFig.22
Theyareclearlyclassifiedintotwogroups.

arrows)andatlowerlemperalures(≦550｡C).Itis

muchclearerinFig.23wherelheFouriertransformof

XAFSoscillationsinFig.22isshown.Thelocalion

andpeakhcightofthefirstpeaksal･eclassifiedinlolwo

groups.Thosepcakswerccomparedwiththe

theorelicallygeneratedspeclra,assumingseveral

possiblcatomarrangemenIsofEr,itself,anditsnear

neighbors.Group(i)wasfoundIocorrespondtoEr
substitutedatlheln-site(zincblendestructure.Denoled

asErln)andgroup(ii)totherocksaltErP(denotedas

ErP).Afurlheranalysisrevealedlhalthebondlengths

inErlnandErPare2.67iO.02Aand2.77iO.03A,
respectively;2.67Aisequalt()thesumoftheErandP
tetrahedralradii(1.57A+1.1()A)and2.77Aisquite
cIoscIo2.803AoftheEr-PbondlengthinrocksallErP
ThecoordinationnumbersforErlnandErPwerc
3．8～3.95and6.1～7.3,respcctivcly.Thoughthc

accuracyofthecoordinalionnumberisnothigh,itis
cIoseto4forthezincblCndestruCtureand6fOrthe

rocksaltstructure.

TherocksaltstruclureErPisscmimetal.Erina

semimctalmayhavenochancetoemillight,andhasa

verylowexcitationefficiency,sincethereisnoenergy

gapwideenoughforlheseprocesses.Erlnisan
isolatedimpurityinlnPwithasufficientlywideencrgy

gap.Thosearethereasonsforlhelowandhigh

emissionefficiency.AthighergrowthtemperaturesEr

mayhavcsufficientthermalcnergytoformErP

microcrystalsinthelnPmatrix.

X乃Aed(J,ⅣagoyqU"〃

［
・
雪
・
旬
］
（
望
）
〆
、
望

23456789101112

Wavenumber:k[A']

Fig.22XAFSoscillationsforseveralsamplesgrownat
differenttemperaturesanddopedatdifferent
concentrations.

S-13

，,’’’’’’’1

ニ

ー

ｊ
■
■
■
且

〃
■
■
、
、

‐ ハ／

・・・1，．．．1．．．.1，，．，｜，・・,｜,。。,｜,,,,'’’’’

二

-v櫻蠅と型‘ぜ

言‘ﾊ／

■
■
■
●

ルハ喬鯉鰈f美瑛垂
1，1111’1，1

:(ii)

Ｐ
■

・
一 _ﾊ／

’’’1．’’’’’’’’’’0，，1，，‘’1，，，11，ﾘﾛﾛ’’11，‐

二
句

018cm-3=
や

一‘ハハ一

一
・
・
一
一
Ｆ
・
・
一

■
■
■
■
一

叩

Ｉ
い■

■
。

■”叩”叩叩伽■■

』
■
ｐ
ｃ
ｌ

=#A5Sm[Er}="1018cm･］
言

‐た、ヘーハ己一一帆．h,』ﾊ,l
ロ
■
■
■

：‐三子やv~､vV
Ｆ
■

．#B580℃｛Er}=2×1018cm･］

vV叩風、

；へ八．ハトハ..肥』肌』‘．』I
■
画
一

~蔀L司〆Vw-Yw"

-#C610℃IErl=2×1018cm･］

ニヘ麻“↓

1.P'.11

A｣MIIMM

二

し

』
■
■

二

~ ～

V'vwV

-＃D530℃IErl=8×lOl8cm-〕
wwIwII

ニ ハヘハ△Aへ旦心L4

IW
,血｡』

ご～”．ー‐､ザ.,WvT、坪･･'下v

一
一

-#E580℃IErl=8×lO1Qcm.］
ニ

ハハ↓ハ.A吾へ 呉血1

1

m.lh
ニーーー一vVvu..vr".Ⅷ.11
･Odplp‘,．’‘,ロ･I“．‘l“．,I‘．,、1．．．．1‘．．．I.．‘･I‘．．‘‐



3． ANEWUNQUENCHABLEHIGH-

PRESSUREMINERALINTHELOWER

MANTLE

ThemWorcomponentsoi､IhcEarth'suppermantle

arebelievedlobeolivine.pyroxcnC,andgarncl.In
ordertoclarifvtheconstitutionandstructureofthe

ご

lowcrmantle,intensivestudieshavebeenmadconthe

high-pressurcphasetransformalionsofthescmincrals

above26GPa,apressurecorrcspondinglolhcEarth's

lowermantle.Itbecameclearthalpyroxenclransforms

in(overydensesilicatewithapcrovskilcstruclure.

whileolivinebreaksdowninloanassemblageof

silicateperovskitcplusmagnesiowustile,whichhasa

rocksaltstructure.Bothofthesesilicateperovski(cs

haveorthorhombicsymmetryandarequenchablcIo

ambientcondilionuponthereleaseofpressure.These

sludieShaveclarifiedthattheorlhorhombicperovskite

phasewouldbcthemostabundantmineralinthelower

mantle.Compaircdtostudiesonolivineandpyroxenc,

onlyverylimitedstudieshavebeenmadeonthe

behaviorofgamet,becauseboIhthetransitionpressure

andtemperalurcarehighercomparCdIoolivine()r

pyroxene.Arccenthigh-pressurei"s〃〃X-ray

diffractionstudyongarnetclaril､icdtheformalionofa

newhigh-pressuremineralwilhanorthorhombic

pcrovskitestruclurc,bulisunquenchableand

lransformSinlolheLiNbO3sIructureupontherelease

oi､pressure(Funamorietal.,1997).

ExperimcntsweremadcatBL-l3B2usinga

diamond-anvil-lypehigh-pressureapparatuscoupled

withanlmagingPlate(IP)deteclor.Analuralgarnet

samplewassqucczcdandthenhealedabovelOOO℃by

aYAGlaseratlwodiffcl℃nlpressures.TheX-l･ay

dil､fractionprofileobtainedat52.8GPaisshownin

Fig.24A.Thepressuredecreasedfrom67.5GPa

duringahigh-lemperaturetransformation.MosIofthe
inlenselinesarewellindexedasorthorhombic

perovskile.Thcinlensitiesol.lheselinesaresimilarto

thoseofMgSiO]pcrovskite.Theotherlinescanbe

assignedtoCa-richperovskite,stishovite,andgarnet.

Theorthorhombicperovskilephasewasobservedeven

at9.7GPa,thoughsplittingol.lhecharacteristiclriplet

020+112+200bccameunclearwiIhdecreasingprcssLire

(Fig.24B,24C).FigurC24Dshowstheprofileohtained

aftcrcompletedecompression.Diffractionfromthe

orthorhombicperovskitecannotbeobservedinthis

figure.Themainpeakscanbeindexedonthebasisof

!hcLiNbO，sIructure、whichhasrhombohcdral
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Fig.24X-raydiffractionprofilesofthesampleheatedat

~60GPaobtainedduringdecompression.The
star(*)indicatesthecharacteristictriplet

020+112+200oforthorhombicperovskite.

symmctry.Thcunit-cellparamelersarea=4.837(1)A,

c=12.733(7)A、andV=258.0(2)A3.Thelow

intensitiesofthepcaksoftherhombohedralphase

mightindicalelhepartialamorphization()i

orlhorhombicpcrovskite,inadditionloamorphizalion

ofCa-richperovskile.On[heolhcl･hand,diffraclions

fromorthorhomhicpcrovskitewasobservedaflcr

complcledecompressionforasampleheatedal39.5

GPa(Ihepressurcafterheatingwas30.2GPa).

FromthcprcsenlexperimCnis,itisclearthal

naturalgarnetoi､Py49AIm29Gro21Splcomposilion
lransformstoanassemblageoforlhorhombic

ー

perovskite、Ca-richpcrovskite、andanAI-riChphasc

withanunknownstl･uctureat～35GPa・AI～60GPa,il

transfol･mstoanassemblagcol、orlhorhombic

perovskiteplusCa-richperovskite.Theorthorhombic

perovskitephasesynthesizedal～6()GPaConver(SIo

lherhombohedralphascupontherclcaseofpressure.

ThcperovSkitemighIpartiallyamorphizeduring

decompression.

Thepresentsludyclarifiedthalgarneltransforms

in(opcrovskiteuﾘ1dcralowermanllccondition,butis

unqucnchablcandlranslbrmsintotheLiNbO,sIruclurc

uponthereleascofpreSSure.Thisunquenchable

behaviorcanbccxplainedbylhedissolulionol.

aluminum,whichwascontainedinlhestartinggarnct,

intotheperovskitestructure.Thcincreaseinlhc

aluminumcontentol､theperovskilcphasewithpressurc

rCducesthetoleranccfactoroftheperovskitesIruclurc



andcausesalransibrmalionlolhcLiNbO,phasc.

Ourresultsshowlhallhccapacilyoforthorhombic

perovskiteloaccommodatcaluminumincreaseswilh

Astheorthorhombicpcrovskilepressure.

accommodatesthemanllcinvcn(oryofaluminum,even

underlheconditionsoftheuppermosIparlol.lhelower

mantle.thisphaseseemstobclhchosImincralof

aluminumtoadeeppartol､lhelowermantle.

Similarsuperabundanlvacancylbrmationwasobserved

inanumbcrol､olhCrmelal-hydrOgCnsystems､'･；｣andis

nowundcrsIoodasheingagencralpropertyof

interstitialalloys.｣'､’

Oncoflhemoslimporlanlconsequenccsof

superabundantvacancyformalionisthCenhancement

ofmetal-atomdil､l.usion.Fugurcs26aandbcompare

theconccnlralionprofilcsobscrvedinCu-Nidiffusion

couplcsal.lcradifi､usionhcallrcalment:Fig.26ashows

thesituationunder5GPaofhydrogenpressureand

Fig.26bunderthesamcvalueofmcchanicalpressure.

Theinterdiffusioncoefficienlisenhancedby～104on
theNicndandonlv≦lOontheCuend.Thisisclcarlv

ゴ ゴ

[heeffeC[ofinterstilitllhydrogen;thesolubilityof

hydrogenisIHI/INil～0.6and{HI/ICu]～0.05undcr
theseconditions.Asimilarenhancementofthe

interdiffusionwasalsoobscrvcdinlhephase-separalion

processofPd-Rhalloys.6!

Thediscoveryofthesephenomena､madepossible

byinsituX-raydiITraclionathightemperaturesand

highhydrogenpressurcs,hasopenedanewfieldof

reSearchhavingprofoundimplicationsinboth

fundamcntalandlcchnologicalaspectsofmetalsciencc.

7W)fIgi,(/"肌Q/7bkyo
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4． SUPERABUNDANTVACANCIESAND

DFFUSIONENHANCEMENTINMETAL-

HYDROGENALLOYS

X-raydiffraclionmeasurcmcnlsalhigh

temperatureS(≦1200｡C)andhighhydrogcnprcssures

(≦8GPa)revealednewfcaluresofmetal-atom

vacancies(superabundantvacancics)andan
enhancementofthemetal-atomdill､usion.

Figure25showsancxamplcol､theprocessof

supcrabundantvacancyl､ormalioninNi,()bscrvcdby

usingacubicanvilpress(MAX80orMAX90)ata
svnchrotronradiationsourccatKEK.Aftcrthcinilial
ご

latticeexpansioncausedbyhydrogcnation、agradual

latticecontractiontookplaccovcraperiodofseveral
hoursasvacancieswereinlroducedfromthcsurfaCC

intotheinteriorofthesamplc.Thcconcentralionofthe

vacancies.delerminedhvdensilvmeasurcmcnlsafler
ゴ ヴ

rcc(JverVtotheambicnlcondilions、amountedIo20
ヴ

at.%,ca.107timesthethcrmalequilibriumvaluein

pureNiunderthecoI･respondingp,Tconditions.

)fF"kai,Cﾉ"ｨo[ﾉ"ハ
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D･STRUCTURALPROPERTIESOF

SOLIDSURFACESAND

ADSORBATES

AsmentionedinthelasIvolume,manystudiesare

progressingconccrningsurfaceandinterfacestructures

usingsynchrotronradiationatthePhotonFactory.The

X-raydiffraction(XRD)mclhodisapowerfulloolfor

systemswithlong-rangcorders,suchasmctal/Si(lll)-

V3×V3structurcs.L｣'Thus,wchavedccidedlo

constructanewexperimenlalstation(BL-15B2)
dedicatedtosurface-diffraclionsludie&whichwillbe

reportedinthenextvolume.

Ontheotherhand,ExlendedX-rayAbsorption

FineStructure(EXAFS)isnowwcllknownasa

suitabletechniquetostudylocalstructuresusing

synchrotronradialion.Fluorescent-yielddetection
undertheIoIal-reflectioncondilionisutilizedto

measuretheEXAFSspectraofthesurfaceadsorbatcs

ofsub-monolayeramounts,notonlyinlhehardX-ray

region,3)butalsointhesoftX-rayrcgion.｣'Thanksto

thegoodperformanceofanewgrazing-incidence

monochromatorstationalBL-llA,thefirstsurface

EXAFSmeasuremenlatthePhotonFactoryonthe

oxygenK-edgehasbeenconducted.;!

Iwouldliketointroduccherctworecenttopical

studiesatthePhotonFactory.Oneisthestudyonan

electrodesurface(liquid-solidinterface);theotheris

onastudyofsurfacclocalvibration.

)<K""""α,PF
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1． INSIT【ﾉSTUDIESOFA

SEMICONDUCTORELECTRODE/

ELECTROLYTESOLUTIONINTERFACE

Theinsitusludyofanelec(rode/solutioninterface

representsaproblemofgreatrelevancetosurfacc

scienceandolherinterfacialdisciplines・Recently,

thesestudiesnecddirectexperimentsattheatomic

level.TheSTMandAFMteChniquesprovidevery

usefulinformalionconccmingthcelectrodesurface.

Theaccuracyforthedctcrminationoftheatomic

distance,howevcr,isratherlimited.Theapplicalionof

surfaceX-raylechniques,whichgivemuchinfOrmation

attheatomiclevelconcerningtheelectrode/electrolyte

interface,havebeenexpected．Onlyafewrcportson

studiesusingsurfaccX-rayscattering(SXS),surface-

extendedX-rayahsorplionfinesIruclure(SEXAFS)

andX-rayslandingwave(XSW)techniquesI-3'have
beenavailable.

Thcobscrvalionandcontrolofelectrochemical

andphoIoelectrochcmicalreactionsofsemiconductor

elcctrodesareveryimporlan(forestablishingetching

processesandstablephotoelectrochemicalcells.No

papersconccrningtheapplicationofsurfaccX-ray

techniquestoasemiconductor/clectrolyteinterface,

however,havcbecnpublished・Thus,SXSandEXAFS

techniquesinBL-16AandBL-13B,respectively,were

employedforthel､irsltimetoinvcstigaletheanodic

dissoluti()nprocessofap-GaAs(100)surface4'andthe

IocalstructureofelectrochemicallydepositedCuonp-

GaAs(100),3)respeclively.

SXSresults:Whenananodicpotentialwas

applicdtolhep-GaAsclectrode,adissolutioncurrent

flowedandtheintensityofthediffractedpeaks

correspondinglolhe(ll)directiondecreasedwithtime.

Figure27showsthetimecourscofthediffractionpeak

inlensityaftertheapplicationof+0.5V;whereasteady

currentof3011A.cmJnowcd.Althoughaverylarge

current(severalmA.cm.2)wasobservedat+0.5Vina



awatermoleculcand/orsulfaleanion.ThesmallCu-

Cudistanceobscrvedforloweresuggcststhefbrmation

ofCunano-clustersconsislingofasmallnumberofCu

atoms．
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Fig.27Di什ractionintensityforthe(11)directionoip-
GaAs(001)recordedasaiunctionoftimeat+0.5
VinO.1MHCIsolution.

conventionalelectrochemicalcell,onlyasmallcurrent

nowedinthepresentSXSmeasurementduelothevery

thinsolutionlayer.Theinlensityofthediffractionpeak

decreased,andthenbecameconslant.Thisdecreasein

thediffractionintensityindicatesthatthep-GaAs(001)

surfacebecamerough.Thisresultisingoodagreement

withourAFMresults6}concerninglheanodic

dissolutionprocess.

EXAFSresults:EXAFSparametersoblaincdfor

theCuoverlayersonthep-GaAs(001)elcclrodeoffour

differentcoverages,8,of().05,0.25,1,and6
monolaVersaresummarizedinTablel.Whenewerel

ゴ

and6,onlyaninteractionwiththenearestneighborCu
wasobtained・Thedistanccs,(R),inthesecasesare

C

vervcIosetothatofCuwithanfccsIructure、2.56A.
ご

Coordinationnumbers,N,(10.5fore=6and9.6for

8=1)are,however,lessIhanthatforthefccstructure,

12.TheSercsultsindicatethatCuclusterswerefbnned

ontheGaAssurfacewhenewasmorelhanone

monolayer.TwonewinteraclionswithO(R=l.83A
○・

andN=1.5)andCuofdifferentdis(ance(R=2.09Aand

N=0.8)wereobservedinaddilionIoIhalwiththefcc

Cu(R=2.56AandN=1.5)whene=0.25.Whenewas

O､05、onlythCSetwoinlcraCtionswereobserved.The

interactionwithOsuggeststhatCuwascoordinatcdby

COVERAGEDEPENDENCEOFTHECI-

METALBONDSTRENGTHSONNi(100)

ANDCu(100)SURFACES

2．

ExtendedX-ray-absorptionfinestructure

(EXAFS)spectr()scopyisapowerfultcchniquenot
onlvforthedeterminalionoflocalsurfacestrcutures,

ご

butalsoforinvcs(igationsol.surfacevibrational

properties,includinganharmonicity.Thecoverage

dependenceoflhcadsorbale-substratebondstrengths

hasbeenstudiedbymeansofpolarization-and

temperature-dependenIEXAFSmeasurementsforCl

onNi(100)andCu(I()0)surfaces.Theexperiments

werecarriedoutatBL-llB.TheCIcoverageswere

estimatedtoheO.25and().50MLfOrCI/Ni(100)and

0.12andO.5()MLforCI/Cu(100),whereO.50ML

impliessaturalioncoverage,whichprovidedclear

c(2×2)LEEDpallcmsforholhsurfaces.TheEXAFS

spectraweretakenallhcX-rayincidenceanglcsof90｡
(normalincidence)andl5oattemperaturesoflOOand

30()KusingtheCI-Kiluorcsccnceyieldmode.Figure
28showsIhefilteredEXAFSoscillationfunCtionsfor

thefirst-ncarestneighborCI-melalshells.Inthecaseof

Cu(100),onccanfindlhalthcCI-Cudistanceisshorter

inO.5()MLthaninO.12MLwhenonecomparesIhe

phasedelaybetwccnthelow-tempcraturedala.The
O O

fi[linganalysisgavc(hedistancesof2､39Aand2.42A,

respeclivcly.Ontheotherhand､inCI/Ni(100)the
O

reverscislrue;namely2.35AforO.50MLand2.31A

TablelEXAFSparameters

NR/メe

1．3

1．5

1．2

0．8

1．5

9．6

10．5

ｕ
ｕ
ｕ
ｕ
ｕ

Ｏ
Ｃ
Ｏ
Ｃ
Ｃ
Ｃ
Ｃ

－
』
一
一
一
一
一

ｕ
ｕ
ｕ
ｕ
ｕ
ｕ
ｕ

Ｃ
Ｃ
Ｃ
Ｃ
Ｃ
Ｃ
Ｃ

1．84

2．13

1．83

2．09

2．56

2．53
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Fig.28FilteredCIK-edgeEXAFSoscillationfunctionsX(k)(kisthephotoelectronwavenumber)1orthefirst-nearest
neighborCI-metalshellsonNi(100)andCu(100)takenattemperaturesoflOOK(solidlines)and300K(dotted
lines).Someveiticallinesareaddedforeasierunderstandingofthephasedelays.

E.ATOMICANDMOLECULARSCIENCEforO.25ML.Figure28alsoprovidesinformalionon

IhelemperaluredepcndenceofIheampliludeand

phase,whichisdcrivcdfromthcvibralionalamplilude

(Debye-WallerfacIor)andanharmonicily,rcspcclively.

InCI/Cu(100)bo[hquan[itieswerefoundlobcsmaller

atO､50ML,whileinCI/Ni(100)theyaregrcateratO.50

ML.Alloftheprcscn[findingsconclusivelysuggesl

Iha(IheCl-Cubondiss(rcngthenedwhiletheCI-Nione

isweakenedwhenlhccovcrageincreases.Density-
functionalcalculalionsofsurfacecluslcrswere

performedinordcrlounderstandlhcdiffcrcnt

propertiesbelwecnNiandCu.Thecalculations

cxccllentlyreproducedthccxperimenlalrcsulls,and

indicatethattheClChargebehavesinadiffercn(

mannerwiththccovcrage,leadingloadiSSimilar

coveragedependenceoftheCI-metalbondsIrengths.

ThisoriginatesfromdiflercnICI-metalbondingnalures

ascribedtotheCI3/)-Ni3dandCI3p-Cu4s
inleractions.

rlbkol'α"'α,刀12(ﾉ"八4(If7bkyo

1.ATOMICSPECTROSCOPY

EIcclroncorrelalionsplayanimporlantrolcin

alomicphoIo-ionizationproccsscs.Fromamonglhc

reccnlacIivilicsofalomic-photoionizalionrcscarch、

tw()cxamplcs,clectronmanifcslingcorrelalioneffecls.
areintroduced.Oneol、Ihcmisashow-casc,

demonslratinginler-shellandintra-shellinteractions;

thcolhCrisadirectprobcfol･cxaminingelCClron
corrclalionsintheConlinuum.

TbsludyjEorbitalcollapscinducedbyinler-shell

andintra-shellintCractionS，Ihe4dpholoabsorplion

spccira()fthcX(y,Xe｡令,andXcwsequencehavehecn
measuredbyamerging-beam[echniqueatBL-3B.In

Fig．29,theradicalredislribulionofthe4doscillalor

sIrcnglhisobscrvedinthesequcncc;inXe#mosIofthc

4doscillatorsIrcngthisintheConlinuum,butinXe,、a

verystrongdiscretetransitionisobscrved.The4d-5ﾉ）

transilionsarcopenfortheion-spcciesofXe.Thosc
Iransitionsareobservcdalaround55eVineach

Spcclrum.Aninlerpretationforlheradicaloscillalor

strcngthredistribulion,maybegivenintermsofa

parlialcollapscofthenfhoundstalesinXe2≠andXc,等
AIIhoughcalculationsbythcMulli-Configuralion

Dirac-Fockcodehavebeentricdtoreproducelhc

experimcntalspcctra,ilfailedl､ortheXe2≠andXCI'
spcclra.Thcfailureimplicsthatbound-conlinuum
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Fig.294dphotoabsorptionspectraofXe,,Xe2+,andXe3､
ions.M.Sano,Y.ltoh,T.Koizumi,T.M.Kojima,

S.D.Kravis,MOura,T.Sekioka,N.Watanabe,Y

Awaya,andF・Koike.

10

270

Fig.30Angularcorrelationpatternsoftwoelectrons

electedfromXeatoms.K.Soejima,K.Okuno,M

Shimbo,A.Danjo,E.Shigemasa,andA.

Yagishita.

interactionsshouldbclakcnintoaccount.Thc

thcorcticaltrealmcntforstronghound-conlinuum

inlcractionsremainsasanunrcsoIvedproblem,since

theobservationofthestriking4dphotoabsorption

hehaviorintheBa,B",andBa"sequence.

Acomple(eandexactdescriptionoftheforcesin

thcatomfollowsfromquantumelectrodynamics,

whichisalreadyawell-establishedtheory.Therci､Ore,
eleclron-electroncorrelationstudiesinatomicdoublc

phoIoionization,ascomparedIoothersystems(nuclear

elementaryparticlcs),havetheadvantagethalforces

arcknownexaclly.Recently,elcclron-clcclron

coincidencemeasurementshavebccnpcrfbrmcdalBL-

28Afbrthedirectdoublephotoionizationprocess,

Fig.3().Becauseoftheelectron-elcclroncoITelalion,il

isno(allowedtoaSSumclhateachelectronisinaonc-

elcctronangular-momcnlumeigenslalc.Instead,many

paiI・soi~angularm()mcnla(ﾉ,,12)willcontributet()the

Iwo-clcCironcontinuums(ate､SuChthat(/!+ﾉｭ)iseilher

evCnorodd・Ifoncassumesthcsimplestangular-

momcnlumpairsof(/,,/2)､s,/))fortheoulgoing

eleclr()npairs,thcangularcorrelalionpallcmmayhe

exprcssedby

/"',=00.'1=var/"I)/e)=Ao+A1co":+A2cos201

Xe+hn(44.75eV)→Xe2+(5p4!D)+e,(leV)+e2(8.35cV).(1)

=(8,sin'ユキ82sin203)(2)一

一

Theangularcorrclalionpatternshetweentwooulgoing

clecIronsofe!(1eV)ande｣(8.35eV)inlhe

perpendicularreactionplanetothepropagalion

directionofcircularlypolarizedsynchrotronradialion

areshowninFi9.30.Thecirculardichroisminlhc

angularcorrelalionpatternsisclearlyobservedin

forl()0%circularlypolarizedradiation.Thc

cocfi､icientsdependonthefixedemissiondircclion

Selectcdforthelow-energyphotoclcctron(e,)andthe

dipolematrixelemcnls(magnitudeandrclalivephases)

fordoublephotoionizalion.ThesolidcurvesinFig.30

S-19
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theS-RbandsofO2forv'>12,areclosetotheDopplcr

width,i.e.、～0.12cm-!at295K.Thissituation

motivatedustousethenewlydevelopedFouricr

Transform(FT)spectrometeratlmperialCollege(IC),

whichcanbeoperatedwith～0.025cm･',withintense

synchrotronradiationasabackgroundlightsource.In

thelCVUVFTspectrometer,allofopticalelements
areinstalledinatankof/×w×/1～1.5m×0.3mx

0.3msothatitcanbepumpedouteasily・Aspecially

designedbeamsplitterofMgF2wasusedfor

wavelengthsshorterthanl50nm.Synchrotronradiation

waspassedthroughapredispersersystem、which

enabledustoobtainastrongcontinuumwith

bandwidthslimitedto2-4nm，tohaveanideal

conditionforFTspectroscopy.Theband-headareaof

the(14，0)bandofthcS-RsystcmisshowninFig.31,

wherctheeffecIsofdifferentresolution,(0.06,0.12,

0.20,andO.30cm-!),areclearlyshown.Wededuced

thepredissociationwidthsforseveralhundredspectral

lines､sincethepresentlineshapecanbedescribedbya

Voigtprofile、whichisaconvolutionoftheGaussian

DopplerlincshapeandtheLorentzianpredissociation

lincshape.Thepredissociationwidthsdependonthe
vibrationallevelsaswellastherotationallevels.This

givesusimportantinformationtoelucidatethe

mechanismofthepredissociationoftheO2B3Zu-sIate

producedthroughS-Rabsorption.

Showleast-squarefitsofEq.(2)totheexperimental

datapoints.Fromthereasonablefittingresults,onecan

saythatthe(s,p)angular-mOmentumpairsdominatein

thedoublephotoionizationexpressedbyEq.(1).To
examinetheelectron-electroncorrelations、onemust

calculatethedipolematrixelementsusingtheinitial-
andfinal-satewavefunctions,inwhichtheelcctron-

electroncorrelationsareproperlydescribed.ThiS

theoreticalworkisunderwayincollaborationwith
theoreticians.

2．MOLECULARSPECTROSCOPY

2.1ValenceElectronicExcitation

Thepenetrationofsolarradialionintothe

atmosphereinthewavelengthregion250-130nmis

controlledbytheO2absorptioncrosssectionsinthc

Herzbergbands，theHerzbergcontinuum、the

Schumann-Runge(S-R)bandsandtheS-Rcontinuum.

Foraccuratemodelingoflheseimportantprocesses,

computationsinvoIvingO2andminorspeciesmustbc

performedonaline-by-linebasis.Photoabsorplion

crosssectionswitharesolutionsufficienttoyieldthe

absolutecrosssectionsarerequiredforthemolecules
ofinterest.Theminimuminstrumentalwidthofthe

existinggratingspectrometersintheVUVregionisO.4

cm･'.However,thelinewidthsofsomemolecular

bandsofinterestinatmosphericscience､particularly

0．20cm-' 0.06cm-1
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Fig.31Thecrosssectionsofthe(14,0)bandoftheSchumann-RungesyemofO2withfourvaluesofresolution.K
Yoshino,A.P.ThomeandK.lto.

S-20



2.2CoreElectronicExcitation

Inthemolecularcore-levelphotoionizationand

photoexcitationprocesses,investigationsonthe

innuenceoftheanisotropicmolecularpotentialonthe

emittedphoto-andAugerelectrons,andofthenuclear

motionwithinthecore-holelifetimeuponthe

dissociationdynamicsareintriguings呵eCtS・IthaS

beenshownthattheangle-resolvedphotoelectron

spectroscopyoffixed-in-spacemoleculesgivesdetailed

infOrmationaboutthephotoionizationprocesses,and

high-resolutionangle-resolvedphotoionspectroscopy

providesanopportunitytoexaminethevibronic

couplingfOrthecore-leveldiscreteresonances.These

spectroscopictechniqueshavebeendevelopedatthe

PhotonFactory.

Thefirstexampleisameasurementoftheangular

distributionoflsOg.uphotoelectronsfi･omCO2,oriented

paralleltotheelectricvectorofincidentlightinthe

photonenergyregionoftheO*gandO*｡shape
resonances.InFig.32themeasuredangular

distributionsareshownbyfilledcirclesforphoton

energies542eV(O*gresonance),550eVj559eV(O*.
resonance)and579eVAInthesepolarplots,theangle

ismeasuredfromthemolecularaxis.Itisquite

interestingtopointoutthatthephotoelectronsare

QjectedpreferentiallyalongmolecularaxisattheO*ロ

shaperesonance,whileperpendiculartotheaxisatthe

O*gshaperesonance.Analysesoftheexperimental

resultsindicatethattheobservedangular-distribution

pattemsattheshaperesonancesrenectthemixingof

multiplepartialwavesandtheinterferencesamong

them,insteadofaSingledominantpartialwave

component.ThisisincontrasttotheN2case,wherethe

angulardistributionattheO*,shaperesonanceis

characterizedbytheﾉ=3partialwave.Quasi-atomic

modelcalculationshavereproducedtheobserved

distributionfairlywell.Inthismodel,theangular

distributionfOrCO2canbedescribedasthecoherent

sumofthephotoelectroncurrentemittedfromthetwo

equivalentoxygenatoms.Itisconcludedinthismodel

thattheintra-molecularinterferenceandthespd-

hybridizationinthephotoelectronwavefunctionplay

animportantroletocharacterizetheemissiondirections

ofthephotoelectrons.

Thesecondinvestigationconcernsthenatureof

theCIs－う兀*resonanceofcarbon-containingtriatomic

molecules.Figure33showsthehigh-resolution

(AEph｡inn=0.08eV)angleresolvedion-yieldspectrafor
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Fig.32Polarplotsoftheangulardistributionsof
photoelectronsfromCO2moleculesoriented

paralleltothepolarizationvector,whichisdirected
totheO･-180・line.Thefilledcircleswitherror

barsrepresenttheexperimentaldatapoints,and
thebrokencurvesshowthefitstothe

experimentaldata.Thetheoreticalresultsare

drawnbythesolidcurves,whicharenormalizedat

themaximumpoints.N.Watanabe,J.Adachi,K.

Soejima,E.Shigemasa,A.Yagishita,N.G.
FominykhandA.A.Pavychev.

CS2(a),OCS(b)andCO2(c);thesolidlineshowsthe

ionyieldmeasuredat90oandthedottedlineatO｡with

respecttotheelectricvectoroftheincidentradiation,

togetherwiththeanisotropyparameterβ.Thespectral
profilesofthe7T*resonancepeaksforthesethree

moleculesshowstrongdifferences:1)thesymmetric
andsharp兀*peakofCS2indicatesthattheRenner-

TbllerSPlittingbetWeenthe7[*in_p,aneeXCitedStateWitha

benteqUilibriUmgeOmetryandthe7r*｡u,.{".p,aneeXCited
statewithalinearequilibriumgeometryislessthanO.l

eV;andthatonlythezero-pointstretchingandbending

vibrationallevelsareinvoIvedinthepeak,2)the

Renner-TbllersplittingisverylargefbrCO2andagreat

numberofunresolvedvibrationallevelsofbendingand

SymmetriCStretChingmOdeSareCOUPledinthe7r*im_p,ane
and7T*.U,､,i.p,anCeXCitedStateS､3)thethreefinestructures
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the兀*!n.p,anexcitedstatewithbcndingvibrations
throughtheRenner-Tbllereffect.Suchsitualionsare

schematicallyrepresentedinFig.34､asthedependence

ofthefi･agmentionyieldcurvesatO｡and90｡uponthe

sIrengthsoftheRenner-TbllereffecIs.
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Fig.33Angle-resoIvedionyieldspectrafortheexcited

stateofCS､a),OCS(b)andCO2(c)measured

withabandpassof0.08eV.Thesolidlinesshow

theionyieldsmeasuredat90･andthedottedlines

atOotogetherwiththeanisotropyparameterb.J.
Adachi,N.Kosugi,E・ShigemasaandA.Yagishita.

ESOLUTIONSTRUCTUREAND

STRUCTUREFORMATIONOF

PROTEINS

SmallangleX-rayscattering(SAXS)using

synchrotronradiationhasbeenawidelyutilized

techniqueinstructuralbiologyaswellasprotein

crystallography・SAXSisamuchlowerresolution

techniquethanX-raycrystallography.Amajor

advantage,inadditiontotheabilitytomeasureprotcins

insolution,isthatsamplescanbestudiedundernear-

physiologicalconditionsorundercxtremeconditions

whereproteinstakenon-nativeconformations,which

arefrequentlyimpossiblefOrproteincrystals・Wehave

twotypesofSAXScameraatthePhotonFactory:onc

withseparationsofO､21eVfbrOCSareassignedtothe

v=0,land2ofthev3C-OstrctchingmodeinvoIving

somebendingvibrationsinthe7T*in.p,ancexcitedstate・It
shouldbeemphasizedthatfragmentionsare

energeticallyemittednotonlyinthe90｡direction,but

alsointheO｡intheCIs→兀*excitation．Especially

fbrCO2,theO｡ionyieldiscomparabletothe90｡ion

yield.Thisisrelatedtoastrongvibrationalcouplingof
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istheso-calledMUSCLEdiffraclometerinstalledal

BL-15A;theotheristheso-calledSAXEScamera

installedatBL-10C.TheMUSCLEdiffractometcr,

designedtostudythecontraclionmechanismof

muscles,utilizesafbcusedbeamwithabcntmiITorand

abentmonochromator.TheSAXESalsogivesa

focusedbeamwithabentcylindricalmirror,whichis

monochromatizedbyadoubecrystalmonochromator.

Thefollowingarethemosttypicalandimportant

examplesofSAXSstudiesonproteinsolutions.

1．STRUCTUREANDFUNCTIONOF

CALMODULIN

Theprincipalmeansbywhichcellsrespondto
increasesintheinlracellularfreecalciumion

〆

concentrationproduccdbyprimarystimuliisthrough

calciumreceptorproteins・Theseproteinsactas
リ？

molecularswilches"invariousbiochemicalpathways

bybindingcalciumionsreversiblyandbyalteringtheir

interactionwithtargetproteins.Suchinteraclions

activatetheproteintargets,stimulatingphysiological

processesinresponsctothecalciumsigna1.Calmodulin
isthemostextensivelvstudiedintracellularcalcium-

ご

bindingprotein,bolhintermsofitsstructureandwilh

respecttoitsroleinmodulatingavarictyofcell

functionsthroughitsinteractiOnswithmanydifferent
enzvmes、

ザ

BecauSeoftheimportanceofcalm()dulin,much
workhasfocusedonthemolccularmechanisms

underlyinglheprotein-proteinintcraclionandthe

ensuingenzymeactivation.SAXSstudiesplaycentral

roleSinabelterunderstandingofsuchproblems.Many

excellentstudieshavebeenpublishedwiththedata

takenatthePhotonFactory.Infact,acalcium-

dependentdumbbclltotheglobulartransitionof

calmodulinuponthebindingoftargctpeptideshas
』

beenrcvealedbySAXS,whichledtoastructural

analysisofthecalmodulin-peptidecomplextoatomic

resolutionbyX-raycrystallographyandNMR.

ThelzumiandYOshinogroup,oneofthepioneers

inthisspecialfield,extendedtheirSAXSworktoyeast

calmodulin.!)AlthoughtheprimarysIructureof

calmodulinisextremelyconservativeamong

vertebratesandinvertebrates,fortheprimarystructure

ofyeastcalmodulin,thehomologyisexccptionally

low,only60%.Vertebratccalmodulincontains4

calciumbindingsites.However,yeastcalmodulin
cannotbindcalciumalthcfburthsite.Yeaslcalmodulin
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Table2Radiusofgyrationofcalmodulins

CAMs

bovinebrain

yeast
C4Y

C4Y140E

-Ca"5Ca2+5Ca2++MLCK-22

20．9

21．1

20．6

20．5

21．5

19．9

19．5

20．2

17．9

18．3

18．0

18．2

isapooractivalorofvertebratcenzymes.Thesolution

struclurcofyeastcalmodulinhasbeenstudiedinorder

toelucidateSuchfunctionaldifferences.

Theradiusofgyrationofyeastcalmodulin
decreasedfrom21.1Atol9.9AwhenexcessCa2+was

added(TIlble2).ThisistheoppositechangefOundin
bovinebraincalmodulin.Anincreaseintheradiusof

gyrationisusuallyobserveduponthcbindingofCa2-

foratypicalvertebratccalmodulin(Table2).The

profilesofthepair-distributionfunclionsuggestedthat

yeastcalmodulinwithoutCa2+hasadumbbell-like

shapewhichchangcstowardarathcrasymmetric

globularshapefromitsdumbbellshapebybinding

Ca2+.Inthepresenceofacalmodulinbindingpeptide,

suchasMLCK-22,asyntheticpcplidecoITespondingto

residues577-598ofskelctalmyosinlightchainkinase,

theradiusofgyrationofyeastcalmodulindecrcasedby

1.6A,andthemolccularitsshape,Cslimatedfromthe

profileofthepair-distributionfunction、wasglobular,

butlesscompactthanthatofvertebratecalmodulin.

Inordertoexplorethefunctionalrole()fCaJ+

bindingtothefourthsite，theyproduccdchimeric

proteinsofchickenandyeastcalmodulin.C4Yconsists

ofAla-ltoIle-130forchicken(includingCa2+binding

silel,IIandlll)andAsp-131toLys-148ofyeast

calmodulin(includingsilclV).C4Yl40Eisproduced

byasinglcsubstitutionofGluforGIn-140intheC4Y.

ThedecrcaseintheradiusofgyrationupOnbindingof

Ca2÷isobservedforbothchimericcalmodulins(Table

2).Thefactsuggeststhatthedifferenceinthestructural

behavioruponbindingofCa2+betweenvertebratcand

yeastcalmodulinisattributabletothedifferenceinthc

abilityofCa2+tothebindingsiteIVTheshapechange
forC4Yisalmostidenticallothatofyeastcalmodulin,

whilcC4Y140Eretainsadumbbell-likestructureupon

[hebindingofCa".

Theseresultssuggeststhatthefunctional

differencesbclweenyeastvertcbratecalmodulincould

beinterprctedonthebasisofthestructuraldifferences

betweenthem、andthatCaﾕ今bindingatsitclVis

cssentialtoformthefullactivedumbbellstructure,



2．X-RAYSOLUTIONSCATTERING

STUDIESOFPROTEINFOLDING

whichischaracteristicofvertebrate-typecalmodulin.!)

SAXSstudieshavesuggestedthatthesolution

structureofcalmodulinisnotnecessarilyidenticalto

thecrystalstructure.Usingadeletionmutantof

calmodulin,Kalaokaetal.reportedfurtherevidencelbr
thestructuraldifferencebetweeninsolutionandin

crystal.2)Thecrystalstructureofmutantcalmodulin

lackingGlu-84(des84)showsinterestingand

significantdeviationsfromthestructureofnalive

calmodulin.Thelinkerregionofthecentralhelixin

des84isbentbyapprox.30｡atLys-75andapprox.90．

atlle-85.Thus,theoverallshapelooksrathermore

globularthandumbbell.

Thesolutionscatteringprofileofdes84was

completelyidenticaltothatofwild-typecalmodulin,

indicatingthatthesolutionstructureofdes84is

indistinguishablefromthatofthewildtype.Theradius

ofgyrationandthemaximumdimensionofdes84in

thepresenceofCaz+are20.8Aand62.5A,respectively.
Thesevaluesarelargerthanthoseexpectedfromlhc

crystalstructureofdes84,18.5Aand55.0A.and
smallerthanthoseexpectedfrOmthecrystalstruclure

ofthewildtype,22.8Aand67.5A.
Thedistancedistributionfunclion(Fig.35)

indicatesthatitassumesanelongated､dumbbellshape
insolution.Theobserveddifferencesbetweenthe

averagedsolutionstructureandthecrystalstructuresof

des84andthewildtypesuggeststhatanensembleof

structuresisavailabletocalmodulininsolution,and

thatthelinkerrcgionofthecentralhelixofcalmodulin

functionsasaflexiblclether.Onlyonecomponenl

wouldbeselectedforcrystallization.2)

Proteinfbldingisareactioninwhichanextended

polypeptidechainacquiresmaximalpackingthrough

theformationofthesecondaryandtertiarystructures.

Therefore,thecompactnessandshapearethecritical

propertiescharacterizingtheprocessofproteinfblding.

Becausethestabilityofthenativestateisdetermined

bythesubtlefreeenergybalancebetweenthenalive

anddenaturedstates,thecharacterizationofthe

denaturedstateisalsocssentialtounderstandthe

conformationalstabililyofthenativestate.Kataoka

andcoworkershaveshownthatsolutionX-ray

scatteringisthebesttechniqueavailabletodayinorder

toaddresstheseproblems.3)Althoughthestructural

resolutionoftheunfoldedorcompacldenaturedstates

elucidatedfromsolutionX-rayscatleringislow,it

providesavarietyofinformationcomplementaryIo

thoseobtainedbyNMRorX-raycrystallography.

2.1Structuralcharacterizationofvarious

denaturedStates

AnidealmodelfOranunfbldedproteinisthalofa

randomcoil".Sinceclassicalexperiments
ll

demonstratedthatproteinsdenaturedbyguanidine

hydrochloride(GuHCI)arcrandomcoils，itis

miSconstruedthalthedenaturedstateisarandomcoil

underallconditions.However,thereisevidencethat

proteinscanhavesignificantamounIsofresidual

structure,evenin4MGuHCl.SolutionX-rayscattcring

datacangiveinformationontheextentofthe
randomnessofachain-likeconformation.Inthis

conlext,Akasakaandcoworkers4)invcstigalcdthe

methanol-induceddenaturedstateofcytochromec

intensively.Theyrevealedthatalanintermediale

methanolconcentration(25%)cytochromeclakesa

compactdena(uredconformer(IM).Afurtheraddilion

ofmethanoltransformedthislMstateinloanexpanded

andhighlyhelicaldenaturedstale(H).TheHstatehas

achain-likeconfbrmation・Theradiusofgyrationofthe

Hstateissimilartothatoftheaciddcnaturedstate(D),

whichhasalmostnohelicalcontent.Thcdetermined

phasediagramofcytochromecisgiveninFig.36.4)

1

含

冨

ｔ
ｏ
１
010203040506070

『(A)

Fig.35Comparisonofthedistancedistributionfunctions.

ThesolidcircleindicatestheobservedP(r)for

Ca2+-des84;theopencircle,thecalculatedP(r)for

thecrystaIstructureofCa2+-wildtypecalmodulin;
theopensquare,thecalculatedP(r)forthecrystal
structureofCa2､-des84.

2.2Structuralcharacterizationofmoltenglobule

Muchattcntionhasbeenpaidforcharacterizinga
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Fig.36Experimentallydeterminedphasediagramof

cytochromecinvoIvingfourconformationalstates,

native(N),IM,DandH.
studiesoftheseproteins.5)

2.3ProteinglobularizationduringfOlding

uniquepathwayofproteinfoldinganditsdiscrete

intermediatestates.Themostpopularequilibrium

intermediatestateisthemoltenglobulestate.

Accordingtotheoriginaldefinition,themoltenglobule

statehasanative-likesecondarystructureand

compactness,butadisorderedtertiarystructure.The

conformationalstatewithpropertiessimilartothe

moltenglobulestatewasdetectedfOrvariousproteins

undermild-denaturingconditions,suchaslow

concentrationsofdenaturantoracidpH.Itwas

subsequentlyproposedtobesimilartothekinetic

intermediateaccumulatedduringtherefOldingprocess

ofseveralproteins.

Kataokaandcoworkershaveinvestigatedthe

typicalmoltenglobulestateofglobularproteins,and

revealedthatthemoltenglobulecanbeclassifiedinto

twocategories35):onegivesamonophasicP(r)function,

likemoltenglobulesofcytochromecanda-

lactalbumin;theothergivesabiphasicP(r)fUnction,

likemoltenglobulesofapomyoglobinand

Staphylococcalnuclease.AmonophasicP(r)isa

characteristictoasphericalstructurelikethenative

state.Wealsodemonstratedthatamoltenglobule

havingamonophasicP(r)showsasignificantamount

oftertialyfOld.However,themoltenglobulehavinga

biphasicP(r)showsalittleamountoftertiaryfOld.We

interpretthatthebiphasicP(r)ofamoltenglobule

representsahydrophobiccorewithflaringtail(s).

Thus,solutionX-rayscatteringhasrevealedthe

strucmralvarietiesinthemoltenglobule.Theproposed

generalandglobalstructuralimagesfOrvariousmolten

globulesareshowninFi9.37basedonoursolutionX-

rayscatteringdatacombinedwiththermodynamic

Theimportantquestionsthatcannotbeaccessed

throughtheequilibriummeasurementsdescIibedabove

arewhetherthekineticfOldingintermediateisidentical

totheequilibriumintermediate,andwhether

compactionisprecededbysecondarystructure

formation.Kineticmeasurementsusingvarious

spectroscopictechniquesleadtotheconclusionthat

someofthestructuralpropertiesofthekinetic

intermediateareclosetothoseoftheequilibrium

intermediate.Astopped-flowsystem6)hasbeen

developedforkineticsolutionscatteringexperiment

usingsynchrotronradiation.

Withthestopped-flowsystem,Kuwajimaand

coworkers7)haveinvestigatedboththeunfoldingand

refOldingreactionsofvariousglobularproteins.They

showedthattheintegratedSAXSintensityisan

appropriatemeasureforthedirectmonitoringoffast

intramolecularglobularizationduringproteinrefOlding.

Theyobservedtwofastkineticprocessesforbovine

carbonicanhydraseandtwofast(eachwithintwo

seconds)aswellastwoslow(within500seconds)

kineticprocessesforyeastphosphoglyceratekinase.

Typicalexamplesofthekineticcurveobtainedthrough

SAXSareshowninFig.38.7)Thekineticprocesses

reflectbothproteinintramolecularglobularizationand

itsintermolecularassociation.Thus,globularizationof

aproteinmoleculeisnottoofastinsomecases,andcan

bemeasuredbysynchrotronSAXScombinedwiththe

stopped-flowtechnique.Generally,thefbnnationofthe

backbonesecondarystructureistoofasttomonitorby

thestopped-flowCDmeasurement.Itisverylikelythat

thedirectmeasurementofglobularizationbySAXSin
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Thebeamlinesforproteincrystallographyinthe

PhotonFactoryhavealsobeenveryactivelastyear.

Asmentionedinthepreviousreports,'･2)plentyof

studicsinthefieldofstructuralbiologyweredone

usingaWeissenbergcameraandmulti-functional

camerasystemsformacromolecularcrystals,

establishedbyN.Sakabeandhisgroup.Inadditionto

twowell-organizedbeamlines,BL6AandBL18B，a

newbeamline,BL6B,wasopenfbruseincxperiments

ofproteincrystallographyfroml996.TheBL6B

beamlinewasconstnlctedbytheSakabeTIARAprQject

oftheUniversityofTbukuba,inwhichbOthinduStrial

andacademiccrystallographersjoinasactivemembcrs.

Inthebeamlinesforproteincrystallography,the

numbersofusersandproposedprojectshavebeen

greatlyincreasedduringtheseyears.Thisfacthas

causedaseriousprobleminthisfield,inthatthe

beamtimeassigncdforeachuserisalwaysinsufficient

toperformthcproposedexperiments、evenafterthe
BL6Bbeamlinebecameavailable.

Inthisreview,thefollowingthreetopicsfornew

proteinstructuresaredescribedasexamplesofactivily

byusingtheabovebeamlines:1)positiveregulator

OmpRfromEs(･/12"clliQco〃3)2)hydroxylamine

oxidoreductasefromM"osoﾉ〃o""e'"opq"4･3)and3)

DNAphotolyasefromA"αc)'s"s"id"/α"s.6)Itshould

alsobementionedthattherearemanyremarkable

studiesinadditiontotheabovethree,suchaseukaryotic

(peaseedling)amineoxidase,7'catalase(bytime-
resoIvedcrystallography),8)theSMNIoxin,9)human

lysosomalsulfatase'0)andsoon.
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Fig.38Time-dependentrefoldingofyeast
phosphoglyceratekinaseinducedbya
concentrationjumpofureafrom4Mto0.9M.The
timeinteivalsare(a)100seconds,(inset),10

seconds,(b)andlsecond.

combinationwithotherphysicochemicaltechniques

canthrowlightontheinterrelationbetweensecondary

structureformationandglobularizationduringprotein

folding,whichisstillamajorproblcminthefolding

Study､7）
M.Kamok",Osak"U"小'2KFin'
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1．POSITIVEREGULATOROmpRFROM
Esc"〃ichinco"

ThecrvstalstructureoftheC-terminalDNA-
ご

bindingdomainofOmpR(OmpR-C)、aposilivc

regulatorinvoIvedinosmoregulationexpressionofthe

ompFandompCgenesinEsc/Ie"c/"αCO〃､hasbeen
determineda(2.2Aresolution.]!Inthisstructure,the

'lurn'regioninahelix-turn-helixvarianlmolif,
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consistingofllresidues,formsanRNApolymerasc
conlactsite.

InEF(･hericﾉli"co",expressionofthemajoroulcr

membraneporinprolcins,OmpCandOmpF,is

regulatedatthetranscriptionallevelinresponseto

mediumosmolarity.Tworegulatoryfactors,OmpR

andEnvZ,areinvoIvedinthisosmoregulation.OmpR

isthecytoplasmicactivalorprotein、whichbindstothe

recognitionscquenceinboththeompCandompF

promoters.Asisthccaseformanyotherresponsc

regulators,the239aminoacidOmpRconsistoftwo

distinctdomainS:theN-lcnninalhalfdomainofOmpR

containsasitethatisphosphorylatedandtheC-

terminalhalfexhibiIsaninherenIDNA-bindingability

specifictothccognatepromoters.

ThestructurewassoIvedbylhemultiwavelenglh

anomalousdiffraction(MAD)melhod.MADdatafor

selenomethionyl(Se-Met)proteinwerecolleclcdal

threedifferentwavelengths0.9794A,0.9796Aand
0.9000AfromasinglecrystalatlOOKusing
multifunclioncameraformacromolecular

crystallographyontheBL-18B.ThecrysIallographic

R-factoris0.226for97.6%oftheexpecteddata
O

betweenl0.0-2.2A.

TheOmpR-CstructureisshowninFig.39.The
strucluralfeaturesoftheC-tenninala-helicaldomainof

OmpR-C,consistingofathrcc-hclixbundlcwitha6-

hairpin,havebeenfoundinseveralDNA-binding

proteins.ThestructureofOmpR-Chasahelix-lurn-

helix(HTH)molifwithasecondhelixasarccognilion

helix,asfoundinmostofthea-hclicalDNA-binding

proteins.TheclassicalHTHmotifwascharacterized

bycIoseconlactsofnon-polarresiduesinlwohelices

andglycineattheturnregion.Althoughheliccsofthc

OmpR-CarewellsupcrimposedonotherHTHprolcins,

thecontactbetweentwohelicesatthelurnregionis

differentfromthecanonicalones.Thereisnosmall

hydrophobicresiducattheconlactregionbetween(wo

hclices,noranyglycineresidueattheturnrcgion.

HydrophohicresiduesLeul85atU2andlle201and
lle205alU3makeacontactsitebclweenthctwo

helicesinOmpR-C.TheHTHstruclurcofOmpR-Cis

bestcharacterizedbythelargeloopbelweenq2and
q3.Afour-residuestretchofSer-Ala-Met-Gluinthe

loopfOrmsU3,｡helixwiththeAlal96residuefolding

towardtheinteriorofthemoleculetoavoidbeing

exposedlothesoIvenI.ThisIocationmostlikely

createsacontactregionwithRNApolymerase.OmpR

mayhaveevoIvedsoastooptimizethecontactto

RNA-polymerasewhileconservingthehydrophobic
corcstruclureaswcllastheDNAinteractionsite.

2．HYDROXYLAMINEOXIDOREDUCTASE

FROMM"･oso"20"αsel".Op"e"

ThecrystalsIruclurcofhydroxylamine

oxidoreductasefromanitril､yingchemoautotropic

hacterium,M"･oso"Io〃ase"ropqeqhasbeen

dclcrminedat2.8Aresolution.4!

Hydroxylamincoxidorcductase、oncofsevcral

abundantpcriplasmicc-lypecylochromes,perfonnsthe

sccondslepintheoxidationoi､ammoniumlonilrite,a

criticalparlofthenitrogencycleinlherespiralory

system.Energygeneratedbyhydroxylamine

oxidoreductaseinthefonnofanelectricalpolenlialcan
flowinholhforwal･dandreversedircctions.The

lbrmer,resullinginagainofcncrgy,passcselectrons(o

theelectrontransporlchaincomprisingcytochromec-

554,cylochromec-552andthclerminaloxidase,while

thclallcroccurstorcsIorethccyclingcnergyoi､the

sysIembysupplyingeleclronseithertoammonia

monooxygenaseforlheproduclionofhydroxylamine，

orloATP-dependentreverseelectrontransferforthe

productionofNAD(P)H.Hydroxylamine

oxidoreduclasehasmolecularmassoI､ca.67,000M｢

pcrmonomer,includingsevenc-typchemesanda

novelhcme,P460andhasbccnshownlocxistinan

oligomericstateinviv().

Thestruclurcwasdctcrminedbyamultiple

isomorphousreplacementmethodincludinganomalous

dispersioneffecIs.Thecryslalshavchemi-hcdral

twinningcharaCteristics,butthediffracliondatacould

bccolleclcdfromasinglccrysIalbylhcuseofthe
forWeissenbcrgcamcraformacromolecular

crysIallographywithsynchrotronradiationatBL-6A.s）

一

彰讓ン

Fig.39StructureoftheC-terminaldomainofOmpR

(OmpR-C)fromESc/7e"b/7/aco/ﾉwheretwohelices

q2andu3formahelix-turn-helix(HTH)motif.
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ThecrystallographicR-factorisO.230for99.1%ofthe
O

expecteddatabetween8.0-2.8A.

Itwaselucidaledthathydroxylaminc

oxidoreductaseisatrimerandisshapedlikeaheadof

garlic.TheoverallstructureisshowninFig.40.The

trimerhasasizeofaboutlOOAinbothmaximum

diameterandlength､andhasalargecentralcavity(30

Awideandl5Adeep)atitsbottom.Twenty-four
hemeslieinthecenlerbottomofthetrimericmoleculc、

Iocalizedinfourclusterswithineachmonomer.The

hemeclusterswithinthetrimerarealignedtoforma

ringthathasinletandoutletsites.Theinletisoccupied

byanovelheme,P460,andtherearetwopossible

outletsitespermonomerfonnedbypairedhemeslying

withinacavityorcleftontheproteinsurface.The

strucluresuggestedpathwaysbywhichelectronlransfer

mayoccurthroughthepreciselyarrangedhemesand

providesaframeworkfbrtheinlerpretationofprevious

andfuturebiochemicalandgcneticobservation.

Fig.40Trimerstructureofhydroxylamineoxidoreductase

fromMfrosomonaseuropaea.

3．DNAPHOTOLYASEFROMA"αCys"s
〃翅"〃"＄

ThecrystalsIructureofDNAphotolyasefroma

cyanobacteriumA〃αcysris"id"/α〃shasbeen

determinedatl.8Aresolution.6'Thestructure,in

comparisonwiththatofE.co/jphotolyaseindicated

directevidenceforchromophoreaccommodationat

diflerentbindingsitesbycommonprimaryandtertiary
structureS

Photoreactivationisalightdependentrepair

mechanismmediatedbyphotolyasewhichbinds

specificallytopyrimidinedimerlesionsinUV-

irradiatedDNA.Onsubsequcntilluminationwith

visibleornear-UVlightthedimerissplit.Photolyascs
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containtwofunctionallydiffercntchromophoric

cofactors:alight-harvestingcofactorwhichiseither8-

hydroxy-5-deazaflavin(8-HDF)or5,10-

methenyltetrahydrolt)licacid(MTHF)andthecalalytic
cofactorwhichiSreducedFAD.

Thestructureofthe8-HDFtypephotolyasefrom

A〃αcys"s"id"/α〃swasdeterminedbyamultiple

isomomhousreplacementmethod,includinganomalous

dispersioneffects.Figure41prescntsaribbonmodel

ofthephotolyasestructure.Thcthree-dimensional

struclurccOntainsahclicalandanU/Pdomainswitha

backbonestructurewhichcanbesuperimposedwith

thatofMTHFtypephotolyasefromE.co//.TheFAD

catalyliccofactorisboundinaverysimilarwayinboth

photolyases,butthelight-hal･vestingcofactor,located

intheU/Pdomain,isboundatcompletelydiffcrcnl

positions:8-HDFinsidethemolcculecomparedto
MTHFatthemolccularsurfacc.Theaminoacid

sequcncesofA."id"/α"sandE.co/iphotolyasesare

veryhomologouSwilh39%identicalandl3%similar

residues.ThisisafirsIcxamplethathomologous

primaryandtcrliarystructuresincIoselyrelated

proteinsrecognizctwodifferenllypesofcofactorsat

differentbinding-silcs.Thccrystalstructurcrevcaleda

distanceofl7.5Abctweenthechromophores,giving

risetoanefficiencyof97%forencrgytransferbetween
8-HDFandFAD.

k.MIAi,K)'oro(ﾉ"んersjn'

Fig.41Structureof8-HDFtypephotolyasefrom
Anacysi/Sn/du/ans.
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H・RADIOBIOLOGICALPROCESSES

Amonochromatizedphotonbeamfrom

synchrotronradiationallowsustoanalyzethe

relationshipbetweentheamountofenergylocally

depositedbyradiationandtheinducedtypesofDNA

damage,andfurthertoinvestigaletheinduction

mechanismsofDNAdamage.Acorrectunderstanding

ofthemechanismmayleadtoanimprovedefficiency

ofradiotherapyofcancer,andtoestimatetheriskof

exposuretolow-doseradiationfromtheenvironment.

Especially,experimentsontheeffecIsoflow-dose

radiationarepraclicallyimpossibleduetoadifficulty

todetectveryrarephenomena.Extrapolationbasedon
thereasonablemechanismofradiationactionwouldbe

theonlywayforacorrectassessmentoftherisk.The

fbllowingsaretopicsinthisfieldobtainedrccently.

1． INDUCTIONOFSINGLESTRAND

BREAK(SSB)ANDDOUBLESTRAND

BREAK(DSB)INPLASMIDDNA.

Inaqueoussystems,radiolyticproducts,suchasH
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andOHradicals,ofwaterplaythemostimportantrole

intheinductionofradiationbiologicaleffects.The

radiationchemicalyields(llmol/J)ofthesespeciesare

amongthemostbasicquantitiesinradiationbiology.

TheyieldofFe3+inaFrickesolutionisaconvenient

measureofthecombinedyieldsoftheseproducIs,that

is(yieldofOH)+2(yieldofH202)+3(yieldofH)．The

yieldsofFe3+inducedbymonochromaticphotonsfrom

l.8tolOkeVwererccentlymeasuredbyWatanabeet

al(1995);themeasuredyieldsdecreasedalongwitha

decreaseinthephotonenergy.Thisphoton-energy

dependencecanbereproducedbysimulation

calculations.Thedecreaseintheyieldscanbe

explainedbyanenhancedrecombinationoftheprimary

radiolyticproductsthatareproducedmoredenselyby

photonswithlowerenergies.Ithasnotyetbeen

studiedhowtheenhancedrecombinationsofprimary

productsbylow-energyX-raysaffecttheinductionof

DNAstrandbreaks.Tbmitaetalmeasuredtheyields

ofsinglc-anddoublc-sIrandbreaks(ssbanddsb)of

plasmidDNAindiluteaqueousbymonochromaticX-

raysat2.147，2.153，7.129andlOkeVandcompared

withtheyieldsofferrousionoxidationinaFricke

solutionmeasuredsimultaneously.

ExperimentsfortheFrickesolutionwerecarried

outasfollows.IrradiationofmonochromaticX-rays

wasperformedatbeamlinesBL-27AandBL-27Bof

thePhotonFactory､2.147and2.153keV(thcK-

absorptionpeakofphosphorus)atBL-27A,and7.129

qustabovelheK-absorptionedgeofiron)andlO.00

keVatBL-27B.Aonehundredmlsamplesolution

wasplaccdinanirradiationchamberwitha7.9-llm

Kaptonwindowof8×lOmm2.Theirradiationwas

performedunderaerobicconditionsatroom

temperature,withconstantstirringbyaglass-coated

ironstilTer.AfterX-rayirradiation,theopticaldensities
ofirradiatedandunirradiatedsolulionswere

immediatelymeasuredusingaspectrophotomclerat
304nm.PlasmidDNAsolutionwasirradiatedinthe

exactlysameconditionsastheFrickesolution.Plasmid

pBR322DNAwasdilutedtoO.02gDNA/linaTE

buffer(10mMTris,1mMEDTA,pH8.0).

ImmcdiatelyafterX-rayirradiationoftheplasmid

DNAsolutions,theyelectrophoresedinl.7%agarose

slabgeltoseparateclosedcircular(forml,intact),

open-circular(formll,havingssb)andlinear(fonnlll,

havingdsb)formsofDNA.Afterstainingwith

ethidiumbromide,thenuorescenceimagesofthese

bandswcretakenbyacooledCCDcamera,andthe



Table3YieldsofDNAstrandbreaksandferricionirradiatedwithmonochromaticX-rays

Photonenergy

(keV)

Radiationchemicalyield(llmol/J)｡

2．147

2．153

7．129

10．00

Fe3､

1．01＋‐0．01

1．02＋‐0．01

1．21＋‐0．01

1．23＋‐0．01

a)Theerrorsofeachvaluesarethestandarderrors

integratednuorescenceintensitywasquantifiedbythe

NIHImage.Theyieldsofthessbanddsbwere
calculatedfromtherelativefractionsofthesebands.

Theradialionchemicalyields(llmol/J)ofthe
ferricionintheFrickesolulionareshowninTable3.

Theyieldsdecreasedalongwithadecrcaseinthe

phoIonenergy;thevalueswereingoodagreementwith

thevaluespreviOuslyreported.

Thenumberofssbincreasedlinearlvwiththe

absorbeddose,whercasthenumbcrofdsbseemedto

increaselinearlyuntilO.03dsh/plasmid.Athigher

doses,however,ilincreasedlincar-quadraticwiththe

absorbeddose.Thus,allofthedataforssbandthose

belowO.03fordsbwerefillcdbystraightlinesusinga

least-squaresmethodandtheyieldsofssbanddsb

calculatedfromtheslopesoftheselinesarelistedin

Tablel.TheyieldsofssbshowedthesamephotOn-

energydependenceasthoseofferrousionoxidation、

butwereslightlyremarkablc.Onthccontrary,the

yieldsofdsbincreasedalongwithadecreaseinthe

photonenergy、resullanlly,theraliosofdsb/ssb
increasedfromO.012atlOkeV(oO.023a(2.147keV

Theseresultsindicatelhalssbanddsbareinduced,at

leastpartly,throughdifferentprimaryevents.Thessb

seemStobeinducedmainlybythediffusiveactive

speciesofwater,whichcanbemeasuredbythe

oxidationyieldsoftheFrickesolution.Onthecontrary,

thedsbinductiondidnolcorrelalcwilhtheseyields,

butseemedtoberelaledIoIheprimary-eventdensity,

whichincreasesatlower-photonenergies，because

thosephotonsproducelower-energysecondary

electronshavinghigherLETh.Thismightsupportour

hypothesisthatthehighRBE(relativebiological

effectiveness)phenomenaarcduclothehigherdensity

ofprimaryenergydepositionevent.
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2．NON-REPAIRABLEDAMAGE

PRODUCEDBYAUGEREFFECT

Augereffecthasbeenaltractingmuchattentionof

radiobiologisIssinccitproducesenergydeposilion

eventswilhhighdensity,andhencc,isexpeclcd(o

induceseverebiologicaleffects.Itwasreportedthat

theAugercilbctsatphosphorusalominDNAmolecule

induceenhancedbiologicaleffects,suchaslethality

andmutagenesily.llwasalsofound､hOwever,thatthe

yieldofDNAsIrandbreaksonthebasisofabsorbed

energydidnoIshowanenhancementenoughtoexplain

thcenhancemenlinbiologicaleffects.Fromthese

observation,itwashypothesizedthalthebiological

enhancementbyAugereffectscouldbeexplainedby

thequalityoftheDNAdamage,notbythequantity.

UsamietalsuggestedfromtheirresultSusingyeasl

cellsthalthediffercnccinqualitymaybeobservablc

fromthevicwpointofreparability.Recently,Maezawa

andSuzukisucceededindemonsIratingthereparability

ofdamagebyAugereffectbyexploitingpremature

chromosomecondensation(PCC)techniquein

mammaliancelllinCs.PCCisatechniquetomeasure

thenumbcrofchromatindamageofcellsininterphasc.

Ininterphaseccllschromosomescannotbeseen

microscopically,sincctheyaredispersedaschromatins
incellularnuclei.Whenthesecellsarefusedartificiallv

‐

witholhercellsinmilosis,malurationpromoling

factorsinlaltcrccllsdiffuscintotheformercellsand

chromosomecondensaiionisinducedintheformer

cells,whichvisualizesthechromosome.When

chromatinbreaksoccurinacell,thenumberof

ChromosomesvisualizedbyPCCbecomelargcrthan

theintactcells,duelothefragmentation;numbcrof

cxcessfragmentspercellrepresentthenumberofthe



l.MEDICALIMAGINGchromatinbreaksintheirradiatedcells.

TheusedcelllincwasV79,andlhesecells

culturedinmonolayerinpetridisheswcrcirradiated

withmonochromaticsoftX-raysaroundthcK-shcll

absorptionedgeofphosphorusatBL-27Ainan

atmosphericcondition.Irradiatedcellswercassayed

fbrlethalityandPCCimmediately.Inotherexperimenls
irradiatedcellswerekeptintheincubatortoallow

repairofthedamagebefbretheassay.

Thekilling-enhancementratio,whichwasdefincd
astheratioofthelethalityatagivenenergytothatat

2.146keV(belowtheedge),wasl.3a(2.153keV

(resonanceabsorptionpcak)andl.0al2.160kcV(above

theabsorptionedge)forcellsplaledimmediatelyafter

irradiationfbrcolonyfbrmation.Thenumberofexcess

fragmentspercellincreasedlinearlywiththedose,and

theslopeoftheselinesaldiffcrentcondilionswerc

compared.TheenhancementfactorsbasedonthcsIopc
at2.146keVwas2.lat2.153keV,andl.lat2.160

keVintheabsenceofrepairincubalion.Whencclls

wercallowedtorepair,chromatinbreaksdecreasedlo

40%and75%ofthevaluesintheabsenceofrepairal

2.146keVand2.160keV､respectively.However,no

significantdecreaseinthcnumberofchromatinbreaks
wasobservedat2.153keVirradialion.(Fig.42)Thesc

resultsclearlyindicatethattheAugercascadesafterK-

shellabsorptionofphosphorusproducesthc

unreparablechromatinbrcaksinmammaliancells.

Thefollowingmcdicalimagingsystemsare

developingusingsynchrotronradiationatmainlyAR,

NE-5A(bendingbeamline).andalsoAR,NE-IA

(multipolcwigglerbeamline)andPF,BL-l4C(vertical

wigglerbeamline).Availablepholonnuxdensityat33

kcVatNE-lisaboul20-401imesgrealcrthanthat

availableatNE-5AandBL-l4C.

(A)Two-dimensionalintravenouscoronary

angiographysyslem'2,3･4)

(B)HighresolutionmonochromaticX-rayCT

systcm3"｡'

(C)FluorescenlX-rayCTsystem7)

(D)Highresolulionangiographysystemusinga
HARP-TVcamerax'{'!

(E)FluorescentX-rayimagingsystemusingametal

target'(')

Asummaryofdetectorofmedicalimagingsystem

isgiveninTIlble4.

Table4Medicalimagingsystem

spatialresolutiondetectorsystem

150um

1-10um
3mm

30‐50ﾄLm

15011m

50011m

|mageintesifier-TV
CCDline-sensor

GeSSD

HARP-TV

|mageintesifier-TV
CdTeline-sensor

Ａ
Ｂ
Ｃ
Ｄ
Ｅ

K・KoI7QV"ﾉ",PF

DEVELOPMENTOFACLINICAL
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ThefirsIhumancxaminationsofintravenous

coronaryangiographyusingatwQ-dimensionalimaging

system,animageintensifier-TVsystem,wasdoneat

theAccumulationRing(AR)onMay23rdand29thin
1996underthecollaboralionworkbetweenthe

UniversityofTbukubaandtheNationalLaboratoryfor

HighEncrgyPhysics.

Wehavebeendevelopingatwo-dimensional

imagingsys(cmforintravenouscoronaryangiography

usingsynchrolronradiation.AnadvanIageofour

sysIemisthallwo-dimensionaldynamicimagingol､the
cardiovascularsvstcmcanbeachievedduetoitstwo-

づ

dimcnsionalradiationfieldwhichisgcneratedby

mcansoi､asymmetricalrcncclionofacrysIal､andlhe

ficldthusgeneratedisthenvisualizedbymeansofthe

30
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０
５
０

１
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Z

EXPOSURE（酢g）

Numberofchromosomefragmentsinducedby

monochromaticsoftX-rays.Chromosome

damageinducedbyAugereffectofphosphorus
(2.153keV)washardlyrepaired.

Fig.42
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Fig.43Schematicdiagramofthetwo-dimensionalimagingsystemforclinicalapplicationsatNE-1.Alarge-size

asymmetricallycutSiclystalwith(311)diffractingplaneswasusedtoexpandtheSRbeamandanimageintensifier
coupledwithaTVcamerawasusedasatwo-dimensionaldetector.

two-dimensionalimagingsystem,anll-TVsystem

(TOSHIBARTP9211G).Practicalapplicabilityofthe

systcmhasalreadybeenconfirmedinanimal

expcrimcntsatNE-5A[ll]byusingsynchrotron

radiationproducedbyabendingmagnetatthe

AccumulationRing.

Wchaveachieveddevelopmentoftheclinically

applicablcsystemwilhthelarge-sizeradiationfield

usingsynchrotronradiationproducedbyamultipole

wiggler(MPW)thatcangenerateamonochromaticX-

rayradiationofintenseenoughforclinicalapplication

atNE-IAll21.Practicalclinicalapplicationofthis

beamline;NEIA,insettingsnccessitatedfurther

developmcntandpreparalionofthefollowing

apparatusesandtestrunusingphantomsinpriorto

clinicalapplication:

(1)Monochromatorsystemforcreatinglargc-size
viewarea

(2)High-speedX-rayshulterforimagingwith
intervalsof2-4msec

(3)High-spced-drivenaluminumfilterformodulating

theinlcnsityofmonochromaticX-rayradiationlo

decreasetheradialiondoseontoapatient.

(4)Clinicalhutch:specialstationcopingwithpalients

(5)SpecialinterlocksyStemforclinicaluse

Figure43showstheschematicdiagramofthe

clinicalimagingsystematNE-l.Wepreparedaspecial

sIation;NE-IA3,forclinicalexaminalions.Alarge

Si(311)crystalwiththesizeof650mmby80mmwas

sctinNE-IA2atabout40mapartfromthesource

point.Thesiliconplatewasplacedonacopperplate

whichwaslocatedonagoniometerandwasequipped

withapipefbrwatercooling.ThedimensionofthcX-

rayradialionwas8mmverticallyby80mm
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horizonlallyatlhepointasacharacteristicfealurcof
theMPWbeamline;NE-l.Theverticalbeamsizeof8

mmwasincreasedloapproximatelyl30-150mmby

asymmetricalrencctionfromlhecrystal.Thesurfaccof

thecrystalwasgroundwithNo.1200meshsilicon

carbideinanattcmpttoachieveaslargeintegral

intensilyaspossible.ForthepurposeofrcducingX-ray

exposuredosetopalientsasmuChaspossible,e.g.at

thetimeofscttingapositionofpatients,ahigh-speed

X-rayshuttcrandahigh-spced-drivenaluminumfilter

wcreplacedbeforethecryslal.Thehigh-speedX-ray

shutterchosenwasofstainless-steelrolatingdrumtype

havingaperturewindowsfortransmissionofthe

radiationbeamfor4ms[131.Theintensityof

monochromaticX-rayradiationof33keVcouldbe

modulaledwithinarangcofl/1-1/1000bychanging

thethiCknessofaluminumfiltcrwithinarangeofOmm

to30mm.Thisfillcrwasdrivenbyanclectromagnetic
molor.Thcdistancebetweenlhefrontofthencwhutch

andthecrystalwasapproximately4m、andthe

monochromaticX-rayradiationwastransmittedtothe

hutchthroughapipcinadirectionl3dcgreesupwards

fromlhecrystal.Atanentranceofthehutch,a

calibrated20-mlionizationchamberoffreeairtype

wasaITangedfbrmeasuringlheX-rayexposuredoseto

patients.Figure44showsapholographoftheclinical

sIation,NE-lA3.Anionizationchamber,anll-TV

system,achairibrpalient.anauto-injectorfbrcontrast
materialcanbesccn.

FourpatienIs(fromsixtyyearsold(oseventyfive

ycarsold)wereexaminedusingthesystem.TheAR

wasopcratedat5.0GeVIodecreasethe3rdhigher

harmonicsX-rayphotonsfromasiliconcrystalloless

lhan3%atthesurfaceofapatient.AveragesIored

currentwas20mA.ImagesweretakenatabovetheK-



Fig.44Photographoftheclinicalstation,NE-1A3.An

ionizationchamber,anll-TVsystem,achairfor

patient,anauto-injectorforcontrastmaterialcan
beseen.

edgeenergy(33.34keVor37keV)andthoseimages

weredigitizedtolO24×1024×10bitsbyaDSA

imagingsystem(TOSHIBADFA200A).TWoorthree

injectionsweredonefbreachpatienttodetectleftand

rightcoronaryarteriesatLAO(leftanteriorposition)

andRAO(rightanteriorposition).Imageswere

recordedin5tolOsecattherateof30imagesasec.

Eachimagewastakenin4msecusingafastX-ray

shutteILMaximumsuIfacedosetoapatientwaslimited

uptolOOradforeachpatientbymedicaldoctors・The

photonfluxdensitybeforeapatientwasaboutlO'0

photons/mm2/s.Contrastmateria1,totalamountof40

ml,wasinjectedintothecarotidveinorarm|sveinper
oneexamination.

Theadvantageofthetwo-dimensionalimaging

systemfbrcoronaryangiographywasconfirmedbythe

examinations.Rightandleftcoronaryarteriesofeach

patientcouldbedetected.Itwaseasytodistinguish
betweencoronaryarteriesandpulmonaryarteriesin

dynamicallymovingimages.Thedetailsofthepatientis

examinationswillbereported.14)Theexaminationwas

approvedbytheMinistryofEducation,ScienceSports

andCulture,theMinistryofHealthandWelfare,and

theScienceandTbchnologyAgency.

K"yodo,PF
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JX-RAYMICROBEAMSAND

MICROSCOPY

1．SOFTX-RAYSPECTROMICROSCOPYOF

ACEIJ,

Inacell,therearemanyfunctionalstructures

whichrangeinsizebetweenlOnmandlOOnm.These

structureshaveahighdegreeoforganizationamong

eachother,andinteractwitheachother.SoftX-ray

microscopyisacandidateforauniquenewmethodto

observeultrastructuraldetailsincellsandtopermit

advancesinstudiesoftherelationshipsbetweenthese
cellularstructuralelements.

TheadvantagesofsoftX-raymicroscopyin

biologyoverothermicroscopicmethodshavebeen

summarizedasfollows:(1)softX-raymicroscopyis

expectedtohavethepotentialtoobserve

physiologicallyunalteredbiologicalspecimensina

hydratedconditionataresolutionhigherthanavailable

withopticalmicroscopy;(2)three-dimensional

observationsofthickbiologicalspecimensmaybe

possibleathighresolution;and(3)imagingand

analysisofthelocaldistributionofelementsand

chemicalsinawholecellmaybepossible.Ourresearch

isfOcusedonthethirdadvantage.
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Fig.45SchematiclayoutofsoftX-rayspectromicroscopycomposedofspectroscopyandcontactmicroscopy

specimensusinganelectroniczoomingtubein

combinationwithanimageprocessor.Monochromatic

X-raysweresupplicdfromBL-llA(Grasshopper

Monochromator),andBL-llBfOrthewavelength

rangeofl.5-lOnmwitharesolutionof入/△入～1000,

andtherangeofl.7-3.5keVwitharesolutionofAE～l-
l.5eV

Withthissystcm,wehavesucceededtoperform

theX-raycontactmicroscopyofdriedHeLacells

(culturedhumancells)withvariouswavelengthsofX-

raysfroml.5-1()nmwhichincludeK-absorptiOncdgcs

ofcarbon,nitrogcnandoxygen、andL-absorption

edgesofiron,calciumandsulfur.Figure46showsthc

absorptionspectraofHeLacellsattypicalintracellular

areascorrespondinglothenucleus､nuclear-cytoplasm

interphase､cyloplasmandsurfaceareaincludingcell
membrane.Withlheresults,therelativefractionof

elemcntsinlocalarcascouldbeestimated.AIsoifthe

Ihicknessisknown、(heabsolutenumberofelcmcnIs

detectedinthespectramaybedetermined.TheresulIs

suggestthallhesystcmmaybeapplicablctoimagc

chemicalnaturesinbiomoleculesusingaspecific

absorplionpcakinlhcXANESprofiles.
XANESreflccIsIhelocalchemicalsIruclurcs

Biologicalmoleculesmainlycompriselow

atomic-numberelements、suchascarbon,nitrogen,

oxygen,calciumandphosphorus.Theseelementshave

KorLabsorptionedgesinasoftX-rayregion.In

addition.anX-rayabsorptionnear-edgestructure

(XANES)isoftcnsignincantinrelationtothechemical

natureofeachmolecule・Therefore,itisofinlerestto

studytheimagingmethodusinganX-rayabsorption

spectrumofeachbiologicalmolecule.Themethodis

calledspectromicroscopy. WithsoftX-ray

spectromicroscopy,itmaybepossibletoidentify

structuresinphysiologicallyunalleredcellsbythe

contrastoftheirowncomponcntsandchemical

structures.Thisapproachwasfirsldcvelopedfor

imagingcalciuminboncusinganabsorptionpeakin

XANESatCa-Ledge,andwasthenapplicdtothe

distributionofDNAinachromosomeusingan

absorptionpeakinXANESofDNAattheC-Kedge

withscanningsoftX-raymicroscopyatNational

SynchrotronLightSource,BrookhavenNational

Laboratory.

ForthepurposeofsoftX-rayspectromicroscopy

ofbiologicalspecimensoverawiderangeof

wavelengthsfrOmO.lnmtolOnm・wehavedcvelopcd

anX-raycontactmicroscopysystemusinganelectronic

zoomingtubewhichisatwo-dimensionaldetectorof

softX-rayswitharesolulionhigherthanO.5mm.The

tubchasthefbllowinglbatures:(1)noopticalelements

arerequiredfOrimagingspecimensattheresolutionof

thedetector;(2)imagesoblainedwithdiffcrent

wavelengthscanbedirecllycompared;and(3)the

detectorisapplicableloawidewavelengthrangeofX-

rays,evenshorterthanlnmdowntoO.lnm.

Figure45showsaschemaliclayoutofthe

microscopysystem.Thesystemconsistsoftwotandem

parts:oneisaspectroscopychamberforthinfilmsof

biomoleculesusingasiliconphoIodiodeasadetector;

thefollowingparlisforimagingdriedbiological
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Fig.46AbsorptionspectraofaHeLacellattypical

intracellularareas.Theabsorptionedgesofmajor

elementsareshownbyarrows.
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aroundanelementForimagingthechemicalnature,

thefirstpartofthesystemisusedtoobtainthepeak

positionofXANES.XANESofbiomoleculesincluding

DNA,proteins,andsulfUr-containingaminoacidsand

peptidesweremeasuredattheabsorptionedgesofthe

constituentelements(carbon,nitrogen,oxygen,

phosphorusandsulfUr)DNAhaddifferentabsorption

profilesfromthoseofnuclearproteinhistoneatevery

absorptionedgetested.ThecomparisonofXANES

fromS-HwithS-Sincloselyrelatedcompounds

showedaslight,butsignificant,shiftoftheabsorption

peakattheSabsorptionedge.Theseresultsstrongly

suggestedtheusefUlapplicabilityoftheXANESpeaks

tomolecularimaginginacel1.

Molecularimaginginacellusingthewavelength

atthepeakpositionoftheXANESprofilefOrDNA-P

isnowunderway.ThefOllowingresultisanexample

ofourtrials・Figure47showsanXANESprofileof

DNAattheenergybetween2.14keVand2.20keV.

Then,imagesofdriedmitoticHeLacellswereobtained

atanenergyof2.1528keV(peakposition)andat

2.1490keV:Theratioofthetwoimageswillgivean

imageofDNA-PinamitoticHeLacell.Theresultis

showninFig.48.Inthecell,somefibrousstructures

weresignificant.Thestructuresmaycorrespondto

chromosomes.Althoughimageisnotsufficientfor

biologicalstudyatpresent,theresultsclearlyshowthat

spectromicroscopyofthecellhasapromisingpotential

inbiology,providedthattheresolutionoftheimageis

improved.
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Fig.48X-rayspectromicroscopyofadriedmitoticHeLa

cellobtainedbyDNA-Pabsorption.Theimage
wasobtainedbytheratiooftwoimagesobseIved
atthewavelengthsshownbyarrowsinFig.4T

2.MONITORINGOFMEI班LEXPOSURE

BYX-RAYIMAGING

Hairsamplesprovideahistoricalrecordoftrace

elementlevels.Theyhavebeenwidelyusedfor

biologicalmonitoringofhealthconditionandfor

industrialorenvironmentalexposuretoheavymetals

becauseofitseasycollectionfromthepoPulation.We

haveappliedtheX-rayimagingforamonitoringof

metalexposurefbrPb-smelter.

XRFmeasurementsweremadeatBL-4A,PF

utilizingenergydispersiveSR-XRFsystemwith

monochromaticX-raymicrobeamobtainedby

multilayermonochromatorandK-Btypefocusing
optics.EnergyofX-rayusedwas14.38keV.Two

dimensionalanalysiswascarriedoutbyplacinga

sampleonaXYstage.TheX-rayintensitydataofthe

ZnKUandPbLqfluorescencelinesofeachpointwere

processedwithapersonalcomputerandresultswere
shownasatonefromblacktowhiteclassifiedintol4

degreesfrommaximumtominimum,thatarelinearly

proportionaltothel41evelsoftheelement
concentrations.

DifferentialimagingsofZnandPbinthecross
hairsectionofthesmelterwereobtainedasshownin
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Fig.47XANESprofileofDNAattheenergyregionofthe
P-Kedge.
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Fig.50Hgfluorescenceintensitydistribution(aandc)and
plofilesofHgandS(bandd)onhaircross

sectionsofendo-(aandb)andexogenous(cand
d)exposuretoMMC・HgandSwereexcitedwith
14.38keVX-raysandtheX-rayintensitydataof
theHgLdandSKdfluorescencelineswere

collectedforlOsec/point.Thesamplescanning
conditionswere40×40(a)and52×37(c)with2
ILm/step.(b)and(d)representlineplotsof
fluorescenceintensityforHg(g)andS(D)on
thecenterlines(11andL2)ofthehaircross
sections.Thesamplethicknesswas25Umand
Hgconcentrationsofthesehairsampleswere271
ILg/g(aandb)and204ILg/9(candd),
respectively.

C

瀞
Fig.49Lightmicroscopicphotographs(a)andSR-XRF
imagingsofZn(b)andPb(c)onthehaircross
sectionfromthePb-smelter.Thethicknessofthe

hairspecimen,whichwasembeddedinaclylic
resin,was25IIm.ThescanningconditionofXRF

imagingwas23×31stepswith5ILm/StepandlO
s/stepcollectiontime.

endogenousexposuremodel.

AdominantsitewhereHgdistributedfollowing

theexogenousexposuretoHg,wasthesurfaceofthe

haircuticle,butnotthecortexandmedulla(Fig.50c),

whereastheendogenousexposuretothemetalresulted

inapreferentialaccumulationofHginthehaircortex

thanonthemedullaorcuticle(Fig50a).Tbconfirm

thedifferencemHgdistributionbyendogenousand

exogenousexposuretothemetal,relativeX-ray

intensitiesofHgandSinthesespecimenswereplotted

(Fig.50bandd)becauseSisamajorelementincluded

inhairproteinascysteinylresidues.Asexpected,a

distributioncurveofHgwasalmostthesameofthatof

Sintheendogenousexposuremodel.Incaseofthe

exogenousexposuretoHg,however,theheavymetal

accumulatedintheouterareathanS,indicatingthatHg

islikelytobedistributedbyexternaladsorption.In

otherwords,SR-XRFimagingtechniqueenablesusto

distinguishbetweenintakeofHgandtheexternal
adhesion.

Fig.49.Pblocalizedinthesurfaceofthehaircuticle,

whileZnaccumulatedmoreinthecortexcomparedto
themedullaandthecuticle.ThePbconcentrationin

thehairwasextremelyhigh(220ILg/g)comparedtothe

normallevel(5-501Lg/g)．通kentogether,thesmelter

wasconsideredtobeexposedtoPbexogenously.

Tbconfinnthishypothesis,wehaveextendedthe

X-rayimagingtorathairsamplesobtainedfrom

endogenous-andexogenous-exposuremodelof

mercury&Samplesoftheexogenousexposuremodel

werepreparedbyimmersinghairsofuntreatedratina

methylmercurychloride(MMC)solution(1ppm)fOr

90min・HairsoftheMMC-administeredrats(orally,

10mgHg/kg/day×5days)wereusedassamplesof
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methodhassomeweaknesses,sincetheprobeinthis

methodisIheemittedelectronitself.Insomecases,

thekineticmotiOnofthiselectronmaybedisturbedby

asolidsurfacewhichisdifferentfromonebyone,and,

hence,theinformationobtainedbyDOSwillbe
blurred.

Ontheotherhand,thesoftX-rayradiation

spectroscopy(SXRS)isnowbeingproposedasanew
methodtodeterminetheDOS.Thismethodisrather

freefromtheaforemenlionedweaknesses,becauseits

probeissoftX-rays,radiatedfromasolid.InFig.52、

wehavcschematicallyshownasetofopticalprocesses
relevanttothisSXRS.Thisisaresonantsecond-order

opticalprocess､beingdifferentformthePES,whichis

afirst-orderprocess.AtthefirststepoftheSXRS，as

showninFig.52,anelcctronisresonantlyexcitedfi･om

acorebandtoaconduclionbandbyanincidentsoftX-

ray.Wccanthusobtainaconductionelectronanda

vacancy(corehole)inthecoreband､whichhasno

dispersion.Atthesecondstep,avalenceelectron,as

wellasthecxcitedelectronintheconductionband,can

godOwntothecorebandbyradiatingasecondarysoft

X-ray.Byanalyzingtheenergydistributionofthe

radiatedX-ray,wecanobtaininformationaboutthc
DOS.

Therehavebccnvariousexperimentalreports

obtainedbyusingthisSXRSmethodintheresonance

region.Fromtheseresults,wecanclearlyseethalthere

arctwolypicalbutratherdifferentcomponentsinthe

observedspectra・Oneisacomponentwhosepeakin

lhcspectrashiftsastheincidenlcnergychanges.We
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Fig.51PlotsoifluorescenceintensityofHgbySR-XRF
andHgconcentrationbyFAASforthehairofthe
ratsadministeredMMC.m,themeanoithe

relativefluorescenceintensityofHgforeach

analyticalpointonthehaircrosssection;D,Hg
concentrationsdeterminedbyFAAS.The

samplesofSR-XRFimagingwereobtainedat
everylmmpositionfromtherootendofthe
MMC-treatedrathairandtheirtimesequivalentto

2.9,3.7,4.5,5.5,6.5,7.3,8.3,9.2,10.1,11.9and

13.9days.ThetimesoftheplotsbyFAASwere
at2,4,7,10,14,17,21,24,and30days.

Furthermore、whenthedynamicsofHg
concentrationsinhairofaratadministercdMMC

determinedbyflamelessatomicabsorption

spectrometry(FAAS)wereplottedwilhtherclativeX-

rayintensitiesofthemetalobtainedfromthehaircross

sectionofthesamerat,theregressionlinesgavea

relativecoeificientofO.929(Fig.51).Thus,wesuggesl

thaISR-XRFtechniqueissuitabletodeterminea

degreeofHgexposureusingonlyasinglehair.
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IntheficldofthesoflX-rayspectroscopyof

solids,oneofthemostimportantthingsistodctenninc

thedensityofstates(DOS)ofthevalencebandofeach
solid.ThestandardmethodIoobtaininformation

concemingthisDOSisthephotoemissionspectroscopy

(PES).Sofar,thismethodhasgreatlycontributedIo

thedevelopmcntofsolidstatephysics・However,this

luminescence

phonon
COre

band

江－－＝三一亨

Momentum

Fig.52Schematicthree-bandsystemfortheresonant
second-orderopticalprocess(le廿portion)andthe

spectrumoftheX-rayradiation(rightportion).The

phononenergyisnotindicatedexplicitly.
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Figure53showsanumericalresult.whichwas
calculatedwithaconditionthatthelifetimeofthccorc

holeislongerthanthedissipationlime・Inthisfigure,

theresonancespectracompriseofthesmallRaman

componentsandlhelargeluminescenceones,andthe

luminesccncecomponentfullyrenecIstheDOSofthc

valcnceband.Therefore,wecansaythatthe

luminescencedominantcaseisrealizedbylhis

condilion・Ontheolhcrhand,Fig.54showsanumerical
resultundertheconditionthatthelifetimeofthecorc

holeisshorterthanthedissipationtime,contrarytothe

prcviouscase.Inthiscase,wecanseethatthe

resonancespectracomprisethelargeRaman

cancallittheRamancomponent,accordingtothe

conventionalterminologyofopticsinthevisible

rcgion・Anotherisacomponentwhosespectralshape

docsnotchange､evenifanincidentenergyischanged.
Wecancallitluminescence.Theobservedrelative

intensitybetweenthesetwocomponentsvariesfrom
solidtosolid.

Inthepresentstageoftheoreticalstudiesforthe

SXRS,however，thereisnosystematicmethodto

clarifywhythewholespecIrumseparatesinlothe

Ramancomponenlandtheluminescenceone.Itisalso
unknownhowinfOnnationoftheDOSisincludedinits

spectralshape.Thepurposeofthepresentstudywasto

clarifythesepointstheoretically.Forthispurpose,we

havetakenalypicalthree-bandsysteminaninsulator、

whichiscomposedofadispersionlesscoreband.a

conductionbandandavalenceone,withwideenergy

gapsamonglhem.Phononswithafinitedispersion

wereassumedtocoupleweaklywithacorehole

createdbytheincidentX-ray・Usingthismodel，we

calculatedtheresonantsecond-orderopticalprocess,

comprisingtheexcitationofanelcctronfromthecore

bandlotheconductionbandbytheincidentsoftX-ray,

andasubsequenttransitionfromthevalencebandto

lhecorebandbyradiatinganothersoftX-ray.When

theenergyoftheincidentX-rayisgiven、the

momentumofthccoreholeiswelldefinedbvthe
ゴ

resonancecondition,ascanbeeasilyseenfromFig.52.

However,iIsthemomentumisdissipatedduetoan

interactionwilhphonons.Thetimerequircdforthis

dissipation(dissipationtime)isdeterminedonlybythe

dispersionofthephononenergy,becausethecoreband

hasnoenergydispersion.IftheX-rayradiationoccurs

aftcrthisdissipationhasbeencompleted，weoblain

luminescence,asschcmaticallyshowninFig.52.In

thiscase,thespcctralshapefullyreflectstheDOS,

beingindependenloftheincidentenergy.However,if

Iheradiationoccursbeforethedissipalion,weoblain

theRamancomponent.Inthiscase,thespectralshape

hasasharppcak,beingmuchdiflerentfromtheDOS,

anddependingontheincidentenergy.Therelative

intensitybetweenthesetwocomponentsisdetermincd

bythreefactors:thedissipationtime,strenglhofthe

core-hole--phononcouplingandalifetimeofthecore

hole,itself.Bythistheoreticalframework,wehave

concludedlhattherearevariouscases、i.e.,Raman-

dominantcases,luminescence-dominantcascsand

intermediateones,ingoodagreementswithrecent

experiments.
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Fig.53CalculatedSXRSspectrawithalonglifetimeof

thecorehole.(')!and(')2denotetheincident

energyandtheenergyoftheradiatedX-ray,

reSPeCtiVely.EcdenOteSanenergyOftheCOre

hole(constantvalue).Thearrowsindicatethe

incidentenergies・Theoutlinedlargearrow

indicatestheenergyofresonancewiththe

conductionbandedge.Theshadedcurveonthe

upperhorizontaiaxisistheDOS
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Fig.54SameasFig.53,butwithashoitlifetimeofthe
corehole.
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componentsandtheverysmallluminescenceones.
Therefore,theRamandominantcaseisrealizedunder

thiscondition.

Insummary,wehaveclarifiedhowtheDOSof

thevalencebandappearsintheSXRSspectra,andwhy

thesespectraseparateintotheRamancomponentand
theluminescenceone.

2． NEWPATH-INTEGRALTHEORYFOR

THELIGHTLABSORPTIONSPECTRAOF

MANY-EIECTRONSYSTEMSIN

INSULATINGSTATESDUETOA

STRONGLONG-RANGECOULOMB

REPULSION

2.1Introduction

Atheoreticaltreatmentfortheopticalresponsc

functionSofstronglycorrelatedsystemsisstillthc

targeiofagreatchallengeforphysicists.Theinsulating

groundstatecausedbythesIrongCoulombrepulsion

haslargequanlumnuctuationsduetothelow-energy

collectiveexcitationsofspin.Inadditiontothesespin

nuctuations,lightinduceschargenuctuations,suchasa

charge-transfer(CT)exciton,whichisaboundstaleofa

photo-generatcdelectronandaholeatneighboring

sitesduetothelong-rangepartoftheCoulomb

interaction・ThischargeexcitationiscloselyrelaledIo

theopticalresponse,butmustbeinnuencedbyspin

fluctuations.Therefore,Ioconsidertheelectron-

correlationeffectsontheoptical-responsefunctions,

weshouldtreatnotonlychargeandspinexcitations,

butalsothecouplingbetweenthem,whichseemstobe

strongandnonlinear.

Infact,lhereisexpcrimentaldatawhichshow

sIrongcouplingbetweenthechargeandspinexcitations

intheNi-Brcomplex.Thiscomplexisatypicalquasi-

one-dimensional(quasi-1D)half-filledelcctronsystem

inaninsulatingstatecausedduetothcsIrongCoulomb

repulsionbetween3delectrons.Theabsorplion

spectrumoftheNi-Brcomplexshowsanexoticshape.i)

Itconsistsofasharppeakandaverylongtailextending

towardthehigh-energyregionfromthispeak.The

sharppeakcorrespondstoCTexciton,whilethelong

tailseemstocomefromthemultiple-spinexcitalion

inducedbythecreationofCTexciton.

Inthisreportweformulateanewpath-integral

theoryfortheopticalresponsesfromtheinsulating

states.Inthistheory,Coulombrepulsionsincluding
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bothshorl-andlong-rangepartsarercducedintoatime-

dependentone-bodyHamiltonianwithonlytwokinds

oflsing-spinvariablespersitetobesummedup.The

sumoverthelsing-spinconfiguralionswillbe

performedaccordingtoquantumMonte-Carlo

techniqueS.

2.2Method

2.2.lReductionoftheCoulombrepulsionintotime-

dependentone-bodyHamiltonian

TheCoulombrepulsionisgenerallyreprescnted

by

",-"-'i｣''" (2.1)

where"I="I"+",6.Byusingtherelationbetween(ﾉ(/)
anditsFouriertransfOnn("(9))as

"(9)=Ze-'9IU(ﾉ),
ノ

〃(り=方亭塵螂'"('）（22｝
wecanrewriteH'inthefollowingfOrm2:

〃,=-;Z(s/+c/)+"N,, （2.3）
全ノ

丹""側-'),“
where

＄｣=,,,"-,"",=Z,",,andc!=Z『ｶZ｡

AccordingtoTrotter'sformula,wccandividethc

partitionfunctionofthisIolalHamiltonianintoonc-

hodyandtwo-bodytenns,as

l(‘"Ⅷ‘-．")1十0(△』)，（24）γ'(@β")=γ′

whcrc6=1/k87andA=6/L.Then,thetwo-bodyterms

arereducedbydiscrelcHubbard-SIratonovilch

transformalionsintoonc-bodylermswithlsing-spin

variableSO(/)and(I)(I),suchas

‘:";=枢‘価．'1順,十0(△:)，
←ぴ(j)=±l

gf"c;=4Z･価｡'り『'+0(A2),(25)
2の(j)=±，

WeshouldnotethatthesefbnnulaeintroduceelTorshaving

thesameorderasthatofTrollerisibrmula,and,thus,arc

alwaysvalidwhenTi･otterisdecomposilionisvalid.Asa

resull,weobtainapath-integralfbrmibre･6Has

lIf‘{州-単鯏艸’‘“→IDxzcxp

I 伽-Zxr(/､r)G{r}



where"｡isaone-bodyterm.Zisthetime-ordering

operator;thetimearguments(t)ofoperators"I,{T},

S,{T}andC,{t}、representonlythistimeordering.

Therefore,theseoperatorshavenorcaltime

dependence,incontrasttotheHeisenberg

representation,definedin92-B.Only・xs(ﾉ,T)=､/mno
(/､T)andxc(ﾉ,t)=､/n7瓦①(/,t)arereallytime-dependent.
IDxsymbolicallydenotesthesumoverxs(/,T)and
xc(/､t).Thus,lheCoulombrepulsionincludingthe

arbitrarylong-rangepart,isreducedintoatime-

dependentone-bodyHamiltonianwithtwokindsof

Ising-spinvariablespersite.

2.2.20pticalresponsesandGreen'sfunctions

Asingleparticlespectrum("((,)))､which

correspondstothephoto-emissionspectrumandan

inverseone,isderivedfromananalyticcontinualionof

aFouriertransformofaone-bodyGreen!sfunclion,

thatisdefinedby

で｡(9｡r)=Ze|'I5｡(/､r)、

で｡(/-',r-r)=ZG｡(/,r,ff,x)=Z(71qI｡(r)αﾉ｡(r))Ⅲ(2.7)
｛.〔｝｛,I｝

Theabsorptionspectrum,ontheotherhand､isderived

fromananalyliccontinuationofthecurrentcorrelation

function,whichisexpressedbytwo-bodyGreen's

functions.ThecurrentoperatorforthelDsystemis

representedby

ノ=jDZ(α舟α,.lo-aA1ma!｡),D=犀7， （2.8）
Io

where瓦言､andTarethepolarizationvector､thechain
direction,andthedipolematrixclementbetweentwo

neighboringorbitals,respectively.Therefore,the
currentcorrelationfunctionbecomes

F(r)､J(r)J'(0)>=D'Z{斤種(！1,/､',/2,/2+1,r)+r｡(I!+1､/,､/2+',/3r)
I,ﾉ』｡

-r｡(/!,/,+1,/2+l､/2,r)-r"(/､1,/}､/2,ﾉ:+'r)}(2.9)

wherewedefinethetwo-bodyGrcen!sfunctionas

r｡(/,,/!+'，'2,I,+!.r)=-Z(z":･(r)"{-!｡(r)"{"(0)@&"｡(0))"(2｣o)
｛x｝

Inourformulation,theBIoch-DeDominicstheoremis

availablefbrdecouplingtheaverageofthemany-body

operatorintotheproductsofone-bodyGreen!s

functions,2)definedbyeq(2.8)and(2.6).Ineq.(2.10):

weneglectthecontractionsbetween/!andノ,+1,and

between/2and/2+1,becausetheyareirrelevanttothe

opticalresponSe.Asaresult,thetwo-bodyGreen's
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function,whichisrelevanttotheopticalresponse,

becomes

r"(/!,/l+1,！.､1,+'､r)=-Z(7x"(｡(r)"!.,｡(r)"("(0)"!",｡(0))"(2.l')
｛K｝

WecannowusequantumMonte-Carlotechniquesto

sumoverthespinconfigurations{x}.

Theone-bodyGreen!sfunctionandthecurrent

colTelationfunctionsarcrelatediothespectralfunctions

by

‘い=#:5｡(',r)=I¥Tf参州"‘
F(r)=-I鶚皇糞A((I)). (2.12)

Theopticalconductivityspectrum(O!((l)))is

proporlionaltoA(('))/(').Wehaveobtainedthespectral

functionsN((I))andA((,))byaleast-squaresmethod

withtheconditionsN((,))ど0andA(('))どO､respectively.

2.3ResultandDiscussion

WehaveappliedourmethodtothelDhalf-filled

extendedHubbardmOdelwithasystemsizeof"=24,

andimposedthepcriodicboundarycondition.lts
Hamiltonianis

"=-!Zα腸α心Io+[ﾉZ"""I'+vZ"I"" (3.l)
ノo

Weconsideredonlytheregion{ﾉ>2V,inorderto

excludetheappearanceofthechargedensitywave

ordering.Inthefollowing,alltheenergiesare

nonnalizedbythemagnitudeofthetransferenergy(t).

2.3.INewpeaksduetoanelectroncorrelationeffect

Inthissubseclionweconsidertheabsorplion

spectraoftheHubbardmodel(V=0).Thenewpeaks

correspondingtothemultipleexcitalionofelectron-

holepairsappearsonthehigh-energysideofthemain

peakunlesstheHubhardgapisverylarge､asshwonin

Fig.55.Thisisbecauseaphoto-generatedelectronand

aholeexciteotherelectron-holepairsthroughan

interactionarisingfromanuctuationtermthatisthe
differencebetweentheMFHamiltonianandtheexact

one.When(ノincrcases,theprobabilityforsuch

multipleexcitationofelectron-holepairsdecreases、

becausetheenergygapbecomeslargerandtheband
widthbecomessmaller.

InanextendedHubbardsystemwithaSufficiently

largcVtocreateCTexciton,theCTexcitonpeakhas
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Fig.550pticalconductivities(0,((o))fortheHubbard

modelwithU=3andP=15(a),U=5and6=5(b),
andU=10andP=5(c).Thespectraare
normalizedsothattheintegratedvalueoverthe

frequencyisl.ThedottedlineinFig.54awas

obtainedfromtheone-bodypicturebasedonthe
directinterbandtransition.

Fig.560pticalconductivities(q((')))fortheextended

Hubbardmodelwith(U,V)=(11,5)andP=5(a),
andtheexperimentalresultfortheNi-Br

compound(b).Thenumericalresult(a)is
normalized.

aninfrareddivergence-likestructure,whicharisesfrom
thesimultaneousexcitationoftheCTexcitonand

magnonsconservingthespinquantumnumberas

shwoninFi9.56a.Thisresultclearlyshowsthe

nonlinearcouplingbetweentheCTexcitonand

collectivespinexcitationswithinthesingle-band

extendedHubbardmodel.Inotherwords､thecharge

andspinoftheelectronareunseparableinthissystem.

Figures56aandbshowthatourresultqualitatively

coincideswiththeexperimentalresultobtainedforthe

Ni-Brcomplex,whichisatypicalquasi-lDinsulator

causedbyastrongCoulombrepulsion.

K.""",PF
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thesamplepositionbyasphcricalmirror(M2)for

vcrticallbcusingandacylindricalmirror(M),whichis

inthcsagittal-focusingconfigurationforhorizontal

focusing.ThecombinationofmirrorsMzandM1is

oplimizedinordertomakealinyspoIsizc.

TestoperalionsofSC-VPGMhavcbeen

performcdconcerninglhreepoints:res()Ivingpower,

photonnux、andspoIsize.FirsI,thercsoIvingpower

hasbccneslimatedfromtheabsorplionspectraof

severalgaseoussamplcs.TheK-shellphotoabsorption

spectrumofN2moleculcsisshowninFi9.2,whichwas

mcasurcdwithagralingoflOOO1/mmandSlitwidlhs

ofSI=7011mandS2=1511m.Thevibralional

structurecanbcclearlyseen.TheresoIvingpowerwas

cvalualcdbyfillingaVoiglfuncliontothespectrum.

Asaresult,theFWHMoftheGaussianprofilc

represcntingthelransmissionfunctionoi、the

monochromalorwasdcterminedtobe40.9meVala

pholonenergyof400eV.TheFWHMof40.9meV

correspondstoaresoIvingpowcrE/AEoi､10000.This

rcsullisnearlyequaltothecalculaledonc.''1naddition,

IheNelspholoabsorplionisshowninFig.3,which

wasmeasuredwithagratingof22001/mmandslit

widths()fSI=1()011mandS2=1511m.Thefourth

peakol､excitationIoIhc6porbitalisclearlyrcvcalcd.

TheFWHMofthctransmissionfunctionbylhcfitting

proccsshasbccncvaluatedtobell7mcV,which

correspondsIo750()alaphotonenergyof890eV.

Fromtheseevaluations,itisrecognizedlhatthclypical

reSoIvingpowerisfrom50001olOOOOoverthecntirc

energyrange.ThisimpliesthatSC-VPGMisoneof

lhemonochromatorswiththehighesIrcsoIvingpower

inthCsoftX-rayregion.

A.BEAMLINES

1．NEWBEAMLINESINOPERATION

1.1BL-2C,Varied-SpacePlaneGrating

MonochromatorinaConfigurationwith

SagittalFocusingandaConvergentBeam

TbmeetthedemandsoI､sophisticatedexperimcn(s

inthefieldofsoftX-rayspcctroscopy,anewsoftX-ray

grazing-incidencemonochromatorwithavaried-spacc

planegratinghasbeencommissionedonundulalor

beamlineBL-2・Inthedesignofthel/tIried-spq(･e

P/α〃eGrα〃〃gMo"oc/proﾉ""or,theconfigurationof

Sagittaljbc"si"gα"d(ICo"1'e/gi"gb"'"wasadoptcd.!!
Therefore,themonochromatoriscalledSC-VPGM.

Theslope-erroreffectofthefocusingmirrorsandheat

loadduetoradiationarcrcducedinthesagittal-

focusingcondition、comparcdtolangentialfocusing.

Theresullsofananalyticalestimationandray-tracing

simulationshowthataresoIvingpoweroflOOOO-

20000canbeobtainedovcrthefullcncrgyrangcof250

[ol400eV.

FigurelshowsaschcmaticvicwofSC-VPGM.

TheaperturedeterminestheacceptanceangleofO.1vx
0.3Hmrad2from[heundulatorradialionsourceinIolhc

monochromator.Abentcylindricalmirror(Mo)

verlicallyfocusesthebeamonentranceslitS!inthe

sagiltal-focusingconfiguration.Thedivergentbeam

fromS!isconvergedbyacylindricalmirror(M!)、

whichisalsointhesagittal-focusingconfiguration.

ThefocalpointoftheM!mirrorisIocatedbehindlhe

grating､andisconsideredtobeavirtualsourceimage

forthegrating.TwogratingsoflOOOand22001/mm

areinterchangeablei"-s〃",andcovcranencrgyrangc

from250tol400eVIThediげractedlightislbcusedon

exi(slitS,inthevcrticaldirectionwithadeviationof

l.6mminthedirectionoftheopticalaxis.The

monochromatizedsoftX-raysfromS2arc｢ocusedon
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BWisobtainableovertheentireenergyrange.

Lastly,Ihespotsizeatthesamplepositionwas

measuredbycombiningthephoto-diodeandknife-

edges.Theknife-edgesinfrontofthephoto-diode

couldbesmoothlymovedbymicrometers.Thepholo-

currentcurveasafunctionoftheknife-edgepositions

hasbeenexpressedbyashapelikeastepfunction.As

aresult,thespotsizedescribedbythefullbroadening

widthofthestepfunctionis0.lv×0.9Hmm2.Thispoor

spotsizewillbeimprOvedbytheadjustingtheM｡,M2

andM,mirrors.
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(eV)PhotonEnergy

Fig.31s→npabsorptionspectrumofNeatoms.The

dotsareabsorptiondata,andthesolidlineisthe
fittedcurve.

1.2BL-11A,ASoftX-Ray(80-1200eV)Stationwith

aVLSPlaneGratingGrazing-InCidence

Monochromator
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厩厩悪y雨1 BL-llA,wheretheGrasshoppermonochromalor

wasformerlyused,wasreconstructedwithanew

grazing-incidencemonochromator.ThisbeamlineisIo

beusedmainlyforspectroscopicmeasurementsof

solidsorsolidsurfacesinthesoftX-rayregion(80-

1200eV).SincethelighIsourceisnotanundulator,bul

anormalbendingmagnel､theoplicaldesignwasmade')

soastoachievenotextremchighresolution、but

stabilityovcrawidecnergyrangeforEXAFS

measuremenIsonaC,N,orOK-edge.

Figure5schemalicallyshowsthelayoutofthe

beamlinc・Horizontally,5mradsynchrolronradiation

isdenectedandpartlyfocusedbyacylindricalmirror

(MO),andthenfbcusedverticalybyanothercylindrical

mirror(MO')IoIhcentranceslit(SI).The

monochromatorconsisIsofasphericalmirror(Mj,i=

lor2)andaplanegratingwithavariedlinespacing

(VLS-PG).Tbcoverawideenergyrange,twospherical

mirrors(MlandM2)fordifferentincludedanglesand
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AbsolutephotonfluxmeasuredbyaAuphoto-
diode.Tomeasuretheundulatorspectra,the

10001/mmgratingwasused.

Fig.4

Secondly,thephoto-currentatthesampleposition

wasmonitoredbyusingaSiphoIo-diodeandaAu

phoIo-diode.ThkingthephoIo-currentandthequantum
efficienciesofthediodcintoaccount,theabsolute

pholonnuxwascalculated.TheresultisshowninFig.

4,whichwasmeasuredwithagratingoflOOO1/mm

andusingaAuphoto-diode.Thedifferentlinesinthe

figurerepresenlthespectraoftheundulatorradiation

fbrdiffercntundulatorgaps.Itcanbcunderstoodthat

linkingthemaximumpointsofeachspectramakesa

smoothenvelopecurvecorrespondingtotheeffective

photonflux.Ameasurementonthcgratingof2200

l/mmhasalsobecnaccomplished.Theresultsindicate

thataphotonnuxofmorcthanlO!ophotons/s/0．02%
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threegratingswithdifferentgroovedensitiesare

interchangeablewithoutbreakingthevacuum.

BytheendofFY1996.threegralingswerelested.

Thefirstonehasagroovedensityof8001/mmmadeby

amechanicalrulingtechnique.Figure6showsthe

photo-ionspectrumofArgasinthe2pexcitation

regionrecordedwiththcfirstgrating.Thesecondone

hasnearlythesamegrooveparamelcrs,butwasmade

byaholographicrecordingmethodwithaspheric
wave廿onts.2)TheN,Is－〉兀*spectrumshowninFig.7

clearlydemonstratesthatthequalilyofthegralingis

sufficientlygood.Figure8showsthespectral

distributionwiththeholographicgratingandM2,

whichwasmeasuredbylhephoto-currentfromagold-

coatedtungstenmesh.Duetothebenefitofthesmooth

surfaceoftheholographicgrating,scattercdlightis

effectivelysuppressedcomparcdtothatfroma

mechanicallyruledgrating.Althoughcommissioning

withthelastgrating(mechanicallyruled3001/mm)has

notyetbeensufficient,ithasbccnconfirmedthat

photonSwithanenergydownto80eVareobtainable.')
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OxygenK-edgesuifaceEXAFSspectrumof

submonolayer-adsorbedmethoxyspecieson

Ni(111).
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Asafirstexamplcol､EXAFSmeasurementsofa

surfaceadsorbate，Fig.9showstheoxygenK-edge

spcctrumforsubmonolayer-adsorbedmethoxy(CH,O-)

SpeciesonNi(lll)．Theanalyticalresultsaredescribed

inlhe}!Users'Report3'scctionofthisvolume.4'252246248250
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Fig.6Photo-ionspectrumofArgasatArL23edges
recordedwithamechanicallyruledVLSgrating
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1.3BL-12A,BeamlinefOrOptical-Element
Characterization

400．0400．5401．0401．5402．0402．5

PhotonEnergy[eV]

BL-12Ahasbeenrefreshedtohededicatedforthe

characlcrizationofVUVandsoft-x-rayoplical

Fig.7Photoionspectrumofgas-phaseN2attheN1s->
兀"regionrecordedwithaholographicVLSgrating
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horizontalandverticaldimensionsa(3-mdistance,

whileitwaslOmmbylmmat7m.Unfbrtunately,the

beamwasobservedtoshifthorizontallyby5mmat3

moverawavelengthscanfromtheOthordertolOOcV.

However,thcmovewasquiteregular.Besides,no
verticalshiftwasobserved.Asimilarshiftwasalso

observedat7m.Thisresultmeansthatthelast

improvementforthemonochromatorwassucccssfully
carriedoul.Thehorizontalshiftseemstohave

originatedfromasmalltiltofthemonochromator.

Owinglothemismatchinthcradiusofcurvature

forthesagillalfocusofthepostfocusingmirror,the

fbCuSingquality,andthusthephoionnumber､wOuldbe

insufficientforsomeexperiments・Howevcr,itis

sufficientforlhecharacterizationofopticalclcments

forsoftX-rays.

elements.A2-mVodar-typemonochromatorwas

designedbyMaezawaandYamazaki,andwaSinstalled
allhisbeamlineinl992.!}Therenectometerforthe

characterizationofopticalelementsdcsignedbyMitani

eraﾉ.2)hasbeenrecentlyscttled8mdownstreamfrom
themonochromator・Themechanicalstabilitvofthe

ご

monochromatoris,thcrcfore,requiredtosupplya

stablebeamfbrtherenectometer.Forthisrequircment,

thetranslationmechanismtodrivethegratingwas

improvedinl996.Toevaluatethebeamline

performance,theoutputspeclrumofthe

monochromatorandthebeamstabililywereevaluated.

Al200-l/mmgratingwasmountedtothe

monochromator.Agoldmeshwaspositioned
downstreamfromthe4-dimensionsliltomeasurethe

outputspectraofthebeamemergentfromthe

monochromalor.Usingbothanuoresccntscrecnanda

SUS-304pholocleCtroncmitter,thebeampositionand

thecross-sectionalprofilewereobservedaladistance
of3mfromthemonochroma(or,whereother

experimentswillbecarriedoutinaccordancewiththe

bcamlineschedule,andof7m,justbeforethe

renectometer.Withthelluorescentscreen,wevisually

observedthepositionofthebeamfootprint,whileby

shiftingthecmitlerthepositionandtheprOfileoflhe

bcamwerepreciselymeasurcd.

FigurelOshowsanoutpulspectrummeasured

withthepholocurrentfromthegoldmcshforaslit

widthoflOOllm.Abroadpeakisdominantinthelow-

energyregion.Astrongdipinthevicinityof300cVis

duetotheabsorptionbyhydrocarbondepositedonthe

opticalelements.Ascanbeseen、monochromatized

photonsareexpectedtobeavailable,evenatlkeV.

Thenumberofoutpulphotonswasroughlyestimated

tobeaboull()りphotons/saroundl5()eVforaring
currentof300mA.

Thebeamsizewas2mmby3mminlhe
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1.4BL-6B,BeamlinefOrtheTARAPrqject

BL-6Bhasbeenconslructedasabeamlineibrthe

TsukubaAdvancedResearchAlliance(T》ﾍRA)Sakabe

ResearchProjectformonochromalicmacromolecular

crystallographyusingaWeissenbcrgcameraandan

imagingplate.

ThebeamlineconsisIsofabentplanemirrorand

anasymmelricallycutSi(lll)trianglcmonochromator,
whicharelocalcdatl9．5mand23.()mfromthesource

point,respectively.Themonochroma(orisIocatedin

theexperimenlalhutch,andthedistancetothedelector

Surfaceisl.4m.ThespecificationsofIhemirrorand

themOnochromalorarcasfollows:

Mirror:Platinum-coated(1000Athick)silicon
Sizc:1000×10()×50mm

Radiuscurvaturc:ca.2.2km

Glancinganglc:3mrad
O

Cutoffwavelength:ca.0.4A

Monochromator:BenttriangleSi(lll)

Wavelength:0.9A-l.8A
Asymmetricallycutangle:7.8o
Size:150mm×40mm

Withtheprescntoptics,aphoIonfluxofl．7×10'0

BL－12A

G｢aung:12001/mm
SW:100-100ILm０
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Fig.100utputspectrumofthemonochromatorinBL-12A
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Fig.11WeissenbergcameraforBL-6B
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photons/sinaspotofO.2mm×0.2mmatthesample
O

positionisavailableatawavelengthof1.0A.
Adevice(Fig.11)tointegratediffiactiondatawas

designedforBL-6B.Thedesignwasbasedonthe
Weissenbergcamera formaCromolecular

crystallography.'-3)Thedeviceincludestwolargesize
imaging-plates(400×800mmlP)asadetectoranda

cylindricalcassette.Consideringboththespatial

resolutionofthediffractionspotsonthelPandthe

resolutionofacrystal-structureanalysis,wechosea
cassettewithacameraradiusof573mm.Two

IPR4080s(theIPreaderthatSakabedevelopedfOrthe

largeformatlP(400×800mm))wereinstalled.An

Oxfordcryocoolerwasalsoinstalledfor

cryocrystallography.Someinitialresultsatthisstation
aredescribedinthisvolume.

Anewtypeofthemonochromatorhasbeen

designedtoprovideafocusedbeamoverawide

wavelengthrangebythesimultaneoustunmgofthe

asymmetricfactorandtheradiusofcurvature.The

asymmetriccutangleandthecurvatureradiusare

variableovertherangeofO-15.5oand。。-40m,

respectively.Thisstationwillbeoperationalin
November,1997,withthenew-typemonochromator.
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2．BEAMLINESUNDERCONSTRUCTION

ANDPLANNING

2.1BL.9A,DesignofaNewXAFSBeamline

BL-9AwasconstructedbyNECcorporationin

1986.')Here,abasicstudyoflithographybyusingsoft

synchrotronradiationfromabendingmagnetwas

carriedout.Withthecompletionofthestudies,the

PhotonFactorywaskindlypermittedtousethesite,

thankstoagenerousofferbyNECcolPoration.

InordertomeettheincreasingdemandfbrXAFS

experimentalstations,andalsotoenablecarrymgout

moresophisticatedXAFSexperiments,itwasdecided
toconstructanewXAFSbeamlineatBL-9Ainlate

1995.Thespecificationsofthebeamlinewere

discussedwithmanyusersthroughtheXAFSusers'

mailinglist(XSJ-ML).

Throughdiscussions,themainspecificationsof
BL-9Aweredecidedasfbllows;

l.Thefocussizeshouldnotchangewitha

variationintheX-rayenergy.

2.Thelowerenergylimitshouldbeexpanded

from4keVtoca2.1keVinordertoenable

experimentsonRSandC1.

3.Themaximumenergyshollldbeca.15keVin

ordertorealizeahighflux.

4Asemi-microfocussizeoflessthanlmmz

shouldberealizedinordertoapplytheXAFS

techniquetosamplesoflimitedquantity.

5.Theintensityshouldbehigherthanthat

obtainedatBL-12C2)withoutloosingthe

energyresolution.

InordertorealizeSpecificationl,wedecidednot

Goadoptsagittalfocusingoptics,whichisusedatBL-

7C.3)AccordingtoourexperienCC,itwasverydiげicult

toreadjusttheradiusofthesagittalfocusingcrystal

becauseofadeformationofthecrystal.Inorderto

compensateforthedeformation,theparallelism

betweenthetwocrystalshadtobeadjustedateach

point,whichwastedtimeandcausedcrystalfatigue.

Wethereforedecidedtoadoptoneortwomirrorsas

fbcusingelement(s)
Thenumberandthicknessofwindowsinstalledin

thebeamlinewereminimizedinordertoincreasethe

transmissionoflowerenergyX-rays.A0.1mmthick

BewindowistoseparatetheUHVconditionofthe
frontendofthebeamlineandthelowvacuumofthe

branchbeamline.Another0.1mmthickBewindowis



躯
一

【m】

Fig.12PlanviewofBL-9A.Themaincomponentsareabranchbeamshu廿erandanentranceslit(a),abeamcollimating
mirror(b),aBewindow(c),adouble-crystalmonochromator(d),afocusingmirror(e),adownstreamshutter(1),a
higherorderrelectingmirror(9)andanexperimentalhutch(h).

energy.AplanviewofBL-9AisshowninFi9.12.

Thebeamlinecomponentsarebeingsetupduring

thelongshuldownperiodinl997.IIwillbecompleled

bytheendofFY1997.

toseparatethevacuumofthebeamlineandthe

atmospherc.Althoughmostofexperimentswillbe

carriedoutintheatmosphere,thelatterwindowcanbe

removedwhentheexperimentiscamedoutmlﾉαClｲ0．
AmirrorchamberforBL-9Bandthehutchesfor

BL-9Aand9Climitedthefbcuspositionat25.3mand

thespacepermittedtoinstallbeamlinecomponents,

whichdidn!tpermitustoadoptl:lfocusingbya

toroidalmirror.Thefollowingopticswerecompared:

l.Focusingbyatoroidalmirror.

2.Focusingbyarotatingellipsoidmirror.

3.Focusingbytworotatingparaboloidmirrors

whichwerearrangedlikeachairconfbnnation.

4.Focusingbytworotatingparaboloidmirrors

whichwerearrangedlikeaboatconfOnnation.

5.Focusingbytwoloroidalmirrorsinsteadof

rotatingparaboloidones(chairandboat

confonnatiOns).

6.Focusingbyaparaboloidmirrorandatoroidal
one・

Amongthese,design4,whichgavethehighest

intensitywithoutloosingtheenergyresolution,was

adopted.

Inthisdesign,themonochromatorcanacceptthe

wholeverticallydivergedbeamwithouIsacrificingthe

cnergyresolutionasthebeamismadcparallelboth

verticallyandhorizontallybythefirstmirror.This

opticalsystemisexpectedtoprovideafive-times

highernuxcomparedwithdesignlwhenaO.2mm

squarereceivingslitisused,whichisoneorderhigher

thanthatrealizedatBL-12CByusingtwomirrors,the

horizontalacceptanceofthebeamlineincreasedto3

mradatthccostofmanufacturingexpenses.Higher

orderreflectionsareminimizedbyusingdouble-

parallelalignedmirrors.There(1ectingsurfacecanbe

selectedfromNiandRhaccordinftothcrequiredphoton
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2.2RenewalofBL-10COptics

BL-IOC,oneoftheoldestbeamlinesinthePhoton

Factory,hasprovidedfocusedmonochromaticX-rays

forexperiments，suchassmall-angleScatteringof

enzymeandothermacromoleculesolutions、since

commissioningofthcPF.Thebeamlinecompriscsa

double-crystalmonochromatorandabentcylindrical

lbcusingmirror.Themcchanismofbendingthemirror，
whichwasconstructedinl982,isratheroldfashioned

andisverydifhculttoadiustandtoobtaintheoplimum

focusingcondilion.DuringalO-monthshuldownin

1997forimprovingtheemittanceofthestoragcring｡

renewaloftheopticalcomponentswasplanned.Since

Iheopticalsystemisappropriateforaccep[ing

synchrotronradiationfromlhelow-emittancering,lhe

opticalsystem,itself,willbecoilserved.The

monochromator,whichhastwoindependent

goniometers,wasoverhauledandthemirrorbender

wasreplacedbyanewonehavinganupdatedbending

mcchanism(Fig.13).Thereflectingangleoflhe

mirror,whichactsasahigh-energycutmirror,was
loweredfroml6mradIol4mradinorderloincrease
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Fig.13Newfocusingmirrorchamberwiththenewmirror
bendingmechanisminstalledatBL-10C.

theintensityofX-raysatthehigh-energysideofthe

availableenergyregion(4-10keV).Therenewed

beamlineisexpectedtoprovidewell-focused

monochromaticX-raystotheexperimentalstationfrom

November,1997.Atthesametime,theexperimental
stationBL-10CwillbecomeadedicatedstationfOrthe

small-anglescatteringofsolutionsamples,sinceanew

station(BL-15B2)willbefinishedforX-ray

surface/boundarydiffractionexperiments,whichhas

beencarriedoutatthisstationuntilnow.Thedesign
andconstructionofBL-15B2willbedescribedinthe

nextvolume.

3．IMPROVRMRNTOFBEAMLINE

3.1ADoublyCurvedMonochromatorfOrBL-13B2

Duringthel996summershutdown,anew

monochromatorwasinstalledinBL-13B2,theend

stationofthemultipolewigglerbeamline.Proceeding

tothetype-Sproposal(96SOO2),afOcusingopticswas

exclusivelydesignedfOrX-raydiffifactionexperiments

undersimultaneoushigh-temperatureandhigh-pressure

conditions,likethoseattheearthisinterionDuetothe

verysmallsamplevolume,ahighphoton-fluxdensity

isrequiredfor"z-s""experimentsatsuchextreme

conditions,whichareachievedbyusingdiamond-anvil

cells(DAC)andaCO21aser-heatingdeviceadoptedto

anangle-dispersiveX-raypowder-diffractionsystem,

usinganlmagingPlateasadetector.

However,theopticaldesignisstronglyrestricted

byaspaceproblem:i.e.noextraspaceforfurther

opticalcomponentsontheexistingbeamline.Inside

E-7

Fig.140utlookofthedoublycuIvedmonochromatorfor
BL-13B2.

theexperimentalhutch,adoublycurvedcrystal

monochromatorwasinstalledasasingle-focusing

opticsat33mfi･omthesourcepoint.Figurel4shows

aphotoofthemonochromator.Anasymmetricallycut

Si(220)doublycurvedcrystalisappliedtoobtain

fOcusedmonochromaticX-raysonthesample・The

crystalismountedonawater-cooledcylindrically

polishedcopperholderwitheightholdingplates.

Liquidln-Gaalloyisinsertedbetweenthecrystaland

theholdertoobtaingoodthermalandmechanical

contacts.AccordingtotheJohanngeometry,the

asymmetricalcutcrystalisbentwithameridianradius

(R1)ofl611mbyusingabendingmechanismadopted

tothecopperholderinordertoconvergesynchrotron

radiationinthehorizontaldirection.Forsagittal

focusingintheverticaldirection,thecrystalisbent

alongthecylindricalshapeoftheholderwitharadius

(R2)of0.307m.ThesizeoftheSicrystalis2mmx

70mm×300mm(thickness,widthandlength).There
aretwokindsofchannelsinbothsurfaces:0.3mm

wide×1.7mmdeepchannelsinthelongitudinal

directiononthefrontand0.5mmwide×0.3mmdeep
channelsinthetransversedirectiononthebackinorder

toobtainasmoothcurvatureofthecrystal.Inthefront

surfacethechannelsarefilledbymolybdenumwires

(0.25mml)toavoidstrayscatteringfromthebottom

surface.TheremainingribswithO､6mmwidthcan

onlydiffractmonochromaticX-rays.Thefbcussizeis

approximately0.4mmand0.3mminthehorizontal

andverticaldirection,respectively,atthefOcuspoint
1.5mdownstreamfromthemonochromatorwithan

energyof30keV:

PreliminarystudieswithGarnetasasamplewere



carriedoutduringtheautumnbeamtimeinl996.The

newunknownphaseisobservedat35GPa.Thenew

monochromatorperformsaone-orderhigherphoton

fluxdensitythanBL-18C,whichhasalsobeen

commissionedfordiffractionexperimentsathigh

pressureand/orlow-temperamreconditions.

thescreenrepresenttheenergydistributionalongthe

radialdirectionoftheelectronorbit,whilethey

representspatialinformationfromwhereelectronsare

emittedalongtheperpendiculardirection.Userscan

takesignalsfromarestrictedareaofsamplesby

ignoringthelightspotsonuninterestingregionsofthe

screen.Thelightspotsarecountedforeverylineofthe

CCDcamerasimultaneouslybytheelectronics,and

dataaretransferredtoacomputerandaccummulated

statistically.DuetosimultaneouscountingfOrmulti-

energyelectrons,ahigherthroughputhasbeen
achieVed.

AHe-flow-typecryostatismountedonthe

manipulator,andthesampletemperaturecanbe

controlledfrom～10Ktoroomtemperature.The

sampleholderiselectricallyisolatedfifomthecryostat

withasapphiresheetinordertoutilizetotalelectron-

yieldmeasurementsTheanalyzerchambercanbe

evacuatedto～8×10-'1Torrbyal5001/sturbo-

molecularpumpwithal501/sbackingturbo-molecular

pumpanda601/sionpump.Thepreparationchamber

isequippedwithadiamondfileandaAuevaporation

source・

Theenergyresolutionofthisspectrometerwas

testedbymeasuringthephotoelectronspectrumofAu

neartotheFermilevelat20KusingtheHelresonance

linefromaHe-dischargelamp(Fig.16).The

experimentalspectrumwasfittedbyamodelfUnction,

derivedasfOllows:1)Thedensityofstates(DOS)for

AuwasassumedtobealinearfUnctionofthebinding

energyneartotheFermilevel.2)Amodelfunction

wasproducedasaconvolutionoftheDOSmultiplied

bytheFermi-Diracdistributionfunctionofthe

measurementtemperatureandaGaussian,whosewidth

wastheresolutionofthespectrometer.Thewidthofthe

Gaussianwasanadjustableparameter.Accordingto

B"NEWINSTRUMEN1NTION

1．HIGH-RESOLUTIONPHOTORuECTRON

SPECTROMETER

Anewhigh-resolutionphotoelectronspectrometer

hasbeenconstructedandopenedfOrusers.Figurel5

showsasideviewofthisspectrometer.Itconsistsofan

analyzerchamber,asample-preparationchamber,a

SCIENTASES-200hemisphericalelectronanalyzer

andvacuumpumps・Theanalyzerchamberandthe

electronanalyzeraredoublyshieldedwith↓L-metal

sheetfromthemagneticfie1d.Photo-emittedelectrons
areretardedandtransferredtotheentranceslitofthe

analyzerthroughelectroniclenses.Themeanradiusof

theelectronpathintheanalyzeris200mm,andthe

energy-resolvedelectronsarefocusedonatwo-

dimensionalposition-sensitivedetectOrwithoutanexit

slit.nlepassenergycanbechosenfrom2to500eVin

9steps.Theelectrondetectorconsistsofamicro-

channelplateandaphosphorscreen,whichisimaged

byacharge-coupleddevice(CCD)camera.Imageson

一
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Fig.16PhotoelectronspectrumofAuneartotheFermi
level.

Fig.150utlookofthehigh-resolutionphotoelectron

spectrometer.
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Tablel.Gratingdesignparametersofthepoiarizedsoft
X-rayRamanspectrometer.

thefittingresult,theenergyrcsolutionofthis
spcctrometerwasevaluatediobe29meVinthefull-
widthathalf-maximum.Theexperimentalrcsultsusing

thisspectrometeraredescribedinthe!'Scientific
Disciplinefand'!Users'ReportJseclionofthisvolumc.

GralingNo.GrooveDensilyEnergyRangeRadiuslncidcnIAngle
(1/mm)(eV)(m)(deg)

86.2

87.7

88.4

３
，
５
７

18‐2Ⅸ）

180-10(m

7m-12()()

300

1200

2400

－
２
３2．SPECTROMETERFORPOLARIZEDSOFT

X-RAYRAMANSCATTERING(BL-2C)

Rowlandcirclegeomelry.IIconsisIsoI､anincidencc

slit,gratings,andanareadeleclorwithamullichannel

plate.TheslitisIocatcdlOmmapartfromthesamplc.
Thedistancebetwcentheslitandthegralingisconstanl.

Theposilionofthedetectorisnumericallyposilioncdat

theRowlandcirclebylhrec-axescontrols.Two

gratingsareinstalledinthespectrometer,andare

inlerchangeablci"-s〃〃inthevacuum.Threelaminar-

lypesphericalgratingscovertheencrgyrangel､roml8

lol200cV.Theparametersofthcspcctromelerare
listedinTablcl.TheareadetecIorisusedlo

accomplishhighenergyresolulion、becausethcimage

attheMCPposilionhasastigmaticcomaabberations.
Theavailablcslitwidlhsarel()、20，5()、100,and300

IAm.InlhecaseofthelOllmslit,wcwillbcableto

obtainanenergyre8()lution()fO.lcVforaphoIon

energyof500eVwiththeSmradiusgrating.The

analysischambercanheisolaledbyavacuumvalve

fromthcpreparationandair-Iockchambers.Thcn,thc

samplepreparalionsdonolinteri℃rewilhthesoftX-ray

emissionmeasuremenIs.Asamplemounted()nthc

hOlderoi､themanipulalorcanbecoolcddownlol5K

byaHc-refrigcrator・ThephoIoclectronspectrometeris

alsocquippedinordertocalibratetheenergyofthc

cxcitalionlight.

SoftX-rayRamanscatteringhasbcenstudiedin
ordertounderstandtheelcctronicstructuresof

condensedmatter.Ifwecanknowthepolarization

dependenceofthesoftX-rayRamanscattering,itwill
giveusmoreinformationaboutthesymmetryofthe
relevantelectronicstates.Thus,asoftX-rayemissi()n

spectrometersystemforpolarizedsoftX-rayRaman
scatteringwasnewlydesignedandinstalledonthe
undulatorbeamlineBL-2CinNovember.1996.

Thesystemcomprisesananalysischamber､asoft

X-rayemissionspectrometer,apreparationchamber,

andanair-Iockchamber・Figurel7showsaschemalic

ofthesystcm.Withthclwodifferentiallypumped

rotaryfeedlhroughs、thespectrometerisrotatablehy

90otogetherwithlheanalysischamberaroundtheaxis

alongwhichthesynchrolronradialionenters.Ilis

designedsothatthesamplcpositionatthemanipulator

doesnotchangewhenilrolates.Theelcctricfieldof

lheradialionispolarizedinthchorizonlalplancin
undulatorbcamlineBL-2C.ThereforewhenS-G(in

Fig．17)isinthchorizontaldircclion､depolarized

Ramanscatteringspectracanbemeasured.Onlhc
otherhand,whenS-Gisinthevcrlicaldirection,lhe

polarizedRamanscatteringspectracanbemeasurcd.

Thespectromcterwasdesignedonthcbasisof

胸雪
ｱ伽型齢

一
一

Fig.170utlineofthepolarizedsoftX-rayRamanspectrometer(frontsideview).(S)sample(rotationcenter)(G)gratings
(D)detector.
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ThesoftX-rayemissonspectraofseveral

transition-metalcompoundsandrare-earthcompounds

havebeenmeasured.Apreliminaryexperimentfbrthe

polarizationdependenceoftheemissionspectrawas
carriedoutonCaO.

3.SECONDARYX-RAYSPECTROMETER,
IwESCARGOT''

X-rayemissionspectroscopygivesusalotof

scientificinformation.ByusingtheresonantRaman

scattering,wecangettheelectronic(andalsomagnetic)

structureofthematerials.Byusingthenon-resonant

inelasticscattering,wecandotheComptonscattering

experiment,X-rayRamanexperitment,andS(q,(D)

experiment.AsecondaryX-rayspectrometerwas

madeforX-rayemissionspectroscopy.Thedesigner

namedthisapparams!IEscargot'1afteritsoutsideshape,

asshowninthephotographontheopeningpageofthe

IIExperimentalFacilitiesi'section

Thespecimenissetatthecenterofthechamber

andthefOcuspointoftheincomingmonochromatized

X-raysobtainedfromthebeamline.Thescattered

radiationisanalyzedintheverticalplanebya

cylindricallybentcrystal,theBraggangleofwhichcan

bechangedfrom80oto60o.TheanalyzedX-raysare

detectedbytheposition-sensitiveproportionalcounter

(PSPC).Thesampleandthedetectorarearrangedon

thecenteraxisoftheanalyzingcrystalcylinder,sothat

wecanobtainsagittalyfocusedandmeridionaly

energy-dispersiveX-rays.Figurel8showstheinside

mechanismtochangetheincidentangleofthecrystal

togetherwiththedetector.Thisassemblycanbe

rotatedin!IEscargot"tovarythescatteredangleoverthe

rangeofOo～90ofromtheincidentX-rays.Thelength

fromthecenteraxisandtheanalyzingcrystalis50cm.

Theposition-analysismethodofthePSPCisthe

charge-divisiontype.TheresistiveanodeofthePSPC
isacarbonfiber7mmindiameter,anditsresistanceis

4.2kWpercm.Theentrancewindowismadeofal-

mmthickberylliumplate,andthesensitiveareaofthe
windowislO×100mm2.Thedistancebetweenthe

anodeandtheentrancewindowislOmm.Thepressure

oftheflowgas(Ar+10%CH4)wascontrolledtobe8

atmatthetestexperiments.
Whenthefluxoftheincidentbeamwasestimated

tobe～10'1photons/sandtheGe(333)crystalwasused

asananalyzer,thetypicalcountingrateattheGdLql

fluorescencepeakfromaGd-Coamorphousthinlayer

Fig.18Photographoftheinsidemechanismofthe
secondaryX-rayspectrometer,'IEscargotll

with33at.%Gdand67at.%Cowas200cps,andthat

ofthefUllenergyrangearoundtheGdLUfluorescence

lineswasontheorderof4000cps.Thetotalenergy
resolutionsweremeasuredas1.4eVaroundtheGdLd

fluorescencelines(6.06keV),whichwerelimitedby

theincidentphotonenergyresolutionsinthepresent

stage.

APPLICATIONOFPOLARIZATION-

TUNARI,EX-RAYOPTICSTOMCXD

SPECTRAMEASUREMENTS

4．

Newpolarization-tunableX-rayopticsusingan

X-rayphaseplateweredeveloped')andsuccessfully

appliedtomagneticcircularX-raydichloism(MCXD)

spectrameasurementsatBL-15C.

Theexperimentalsetupisschematicallyshownin

Figl9.Theincidentwhiteradiationfromthebending

magnetismonochromatedbyapairofSi(111)crystal.

Subsequently,atransmissionX-rayphaseplate

transformsthehorizontalpolarizationtocircular.For

thephaseplate,a(001)-orienteddiamondcrystalslabis
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Fig.19ExperimentalsetupfortheMCXDspectra
measurements.
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5．ANEWSYSTEMOFTHEYOUNG'S

INTERFEROMETER
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AnewsystemoftheYoung'sinterferometerwas

constructedtomeasurethespatialcoherenceofthe

synchrotronradiationinthesoftX-rayregion')(Fig.21).

Agrazing-incidencegratingmonochromatorof

verticaldispersionandtheYoung'sinterferometerwith

ahorizontallyseparateddoubleslitwereunitedinto

oneapparatus(Fig.22).Theentranceslitwasfabricated

ofaboutlOILmthicknickelsheetsbythephoto-

fOnningmethod.Twoaperturesofd×j!=5ILmH×100

ILmvwereplacedparallelwithaseparationD=30,50,
100,150and200Um.Allofthedimensions(JI,dand

0．5
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Fig.20MeasuredMCXDandXANESspectraona
disordered37.1at%Pt-FealloysampleatthePt
L3-edge(E｡=11.565keV).

usuallyused.Theincidentbeamintensitytothe

sampleismonitoredbyanionizationchamberandthe

transmittedintensitybyanotherionizationchamber.

Themagneticfieldibappliedparalleltothesample

planeandthefielddirectionistiltedby45owith

respecttotheincidentbeamdirection.

Forexample,Fig.20showsthemeasuredMCXD

andXANESspectra.Thespectraweremeasuredona

disordered37.1at%Pt-FealloysampleatthePtL3-

edge(Eo=11.565keV).TheobtainedMCXDspectra

areingoodagreementwiththeMCXDspectrameasured

withtheellipticalmultipolewiggleronBL-28B.2)
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D)haveatoleranccofoncmicron.The

monochromatizingresolutiondependsontheSlitlength

(/,),whiletheinterferencepattemdependsonthewidth

(d)andthcseparation(D).Althoughfourspherical

gratingsarepresent､threcofthemcanbeinstalledinto

thechamber.Theirgroovedensitiesandradiiof

curvatureare(600//m,2m),(1200//mm,2m),(600

//mm,4m),and(1200ﾉ/mm､4m).Onecanchooscthe

bestsuitedoneamongthethreeaccordingtothe

wavelenglhwhilekeepingthevacuum.TheexiI-slit

widthischangeableupto50011m.Aphotomultiplier

tubecovcredwitha5IAmverticalslitisscanned

horizonlallytodetectthepattern.Itisdrivenbyatwo-

phasesteppingmotorandareduction-gcarassembly.

Thescanningrangeis8mm.Thewholesystem

mentioncdabovecanberotatedaroundtheopticalaxis

usingadifferenlially-pumpedrotaryfced-through,
whichenablesameasurementofthetransverse

coherencealonganarbitraryorientation.Some

experimentsbylhissystemhavebeenperibrmedalBL-
12AandBL-28A.2)

References

l)THatanoetal.,Rev.Sci.Instrum.,tobesubmitted

2)YThkayama,THatano,W.Okamolo,T.

Miyahara,andYKagoshima,inthisvolume.

6． (X,eX)COINCIDENTSPECTROMETER

BYMEASURINGBOTHOFENERGIES

ONTHECOMPTONSCATTERED

PHOTONANDTHERECOILED

ELECTRON

Itiswellknownthalthe3-dimensionalelectron

momenlumdcnsily(3D-EMD)canbecvaluatcdbya

coincidencemeasurementbetweentheComptonX-ray

國鋲C

錘江に

photonandIherecoilcdelectron(X,eX).Anew(X、

eX)coincidentspectrometerbymeasuringhoththc

energiesonthephotonsandtheelectronisreported.

Theusual(X,eX)spectrometcrhasbeenusedlo

measurethefollowingthrccphysicalvalues:lhe

directionsofbothCompton-scatteredphotonsand

electrons､andtheenergyofthepholonsbyaGcsolid-

stalcdeteclor.Sinccthecnergyrcsolutionhasbeen

limilcdbyIhedetector,itishardIooblainabelter

momcntumspacercsolutionthan0.5a.u.Thepresenl

syslemisdesignedlomeasuretheenergyofelectrons

bymeanSofatime-of-nighlmcthod,whiChisrealized

bysingle-bunchoperationattheAR.Wehave

successfullyachievcdamomentumspaceresolutionof

0.3a.u.,andhavcalsodemonstratedthepossibilityIo

measurethestate-seleclive3D-EMDbyusinga

binding-energyeffect.

Figure23showsaschcmaticviewofthesystem.

Complon-scalleredX-raysarcdeteclcdbyaGesolid-

staledetector(energy/momentumresolutionof～0.48

keV/0.7a.u.)placedatascatteringanglc(8)of~

150o:recoiledelcclronsaredetectedbyamicro-

channel-platcelectrondetectormountedall～12.5o.

ThecnergyoftheincidentX-raysis65.0keV.The

averageencrgieSofComplon-scaIIcredX-raysand

recoiledeleclronsarc52.5and12.5kcV,respectively.

Theelectronenergyismeasuredbyatime-of-nigh(

method・Thephotodiodeused(ooblainalimingtriggcr

isplacedat(heuppersideoftheincidcntX-rays.The

pathlengthoftheelcctronnightis2.()0m,andthetimc

resolutionofthesystemis～230ps,whiChcomesfrom

thebunchlengthandthelimeresolulionofthc

electronics.Theover-allelectronenergyresolutionis

0.19kcV,whichismuchbeUerthanthatbyaphoton

detector､anda().3a.u.momentumspaceresolutioncan
beachieved.

tor)

Fig.23Schematicviewofthe(X,eX)coincidencespectrometersystem
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7．AMULTI-ELEMENTSSDFOR

FLUORESCENTXAFS(BL-12C)

C

O

O

、

FluorescentXAFSisapowerfultoolfbrsludying

thestructureofdilutesamplcs,suchasadopantin

materials,biologicalsampleselc.Ionizationchambers

designedforfluoresccntXAFSarcusuallyused'}

combinedwithafilter/slilsystem.However,lhe

nuorcsccntsignalisburiedinthescallcringbackground

etc.whentheconcentrationofthespeciesofinteresI
decreases.

Ifthefluorescentsignalcanbeseparatcdfrom

otherbackgroundthequalityoftheXAFSspcctrumis

improved.AI9-clemcnlpuregermaniumsolidslate

detector(SSD)wasinlroducedinBL-12Cinl995for

Ihispurpose.TheideaissimilartoIhepioneering

mulli-SSDdcvclopedbyCramere/a/.2}However,il

hasbecnimprovedinsomepoints,asdescribcdbelow:

i)Thccounlingralcofthcsystemismuchhigherin

orderlomeetthchighnuxobtaincdatBL-12C''

ii)Theenergyresolulionisbetter.

iii)ThcSystemiscompactsoastol､ilinthcnarrow

experimentalarca.

iv)ThelivclimcoflhesysIcmiscorrcctlyevalualcd

inorderIocorrecIforlhccountinglossofthc

system.

Aphotographol､lhedetcclorisshowninFig.25.

NineteenpurcGedctcctorshavingadiametcrofll

mmeach(CanberraGLO110P)arearranged.Pcnlafet

preamplifiers(@Link)areusedinordcrloincreasethc

throughputwithoutsacrificingthecncrgyresolution.

Alloflhepreamplificrsareresetsimullaneouslywhen

aresclsignalisgenerated,whichiscontrolledbya

preamplificrrcsetconlrol(PRC)module・Thisis

importanIIocvaluatethelivetimeofthcpreamplifiers

correclly.Theoutpuloftheprcamplifiersaretrcatcdas

usual,andfinallycounlcdbyCAMACscalcrs.The

scalersandatimeridlcduringtheresetperiodofthc

preampliliers,whichisalsocontrolledbyPRC.

Theaverageenergyresolutionwasl47and246

CVforMnKUX-rayl､rom"Fcwhentheshapingtime

ofspcclroscopyamplifierswcrcsetto6andO.2511s,

rcspeclively.Here,lhclCRs(incomingcountrate)

勺
今
。
ご
亘

pz(a.U.)
〆

Fig.243D-EMD;p(0,0,pz)ofgraphiteobtainedbythe

energy-measurementsof(a)recoiledelectronand

(b)ComptonscatteredX-rayphoton.Thesolid
lineisiromconvolutedEMDcalculationsofGaoer

a/.!)obtainedwithinamixed-basispseudo-
potentialapproach.

Figures24(a)and(b)showanexamplcofa

comparisonbelweenthc3D-EMDsP(0,0,pz)of

graphiteoblainedbymeasurementsoftheenergieson

therecoiledelectronsandComplonscatteredX-rays,

reSpectively.ThesolidlinesaretheEMDcalculations

byGaoaα/､,')oblainedwithinamixed-basispseudo-

potentialapproach.Theselinesarcalreadyconvolulcd

withtheexperimenlalresolutions:0.3a.u.andO.7a.u.,

respectively.Thercisaremarkabledifferencebetween

bothexperimentaldataattheregionneartop,～0in

Figs.24(a)and(b).ThedatainFig.24(a)clcarlyshow

anat-topprofile;ontheotherhand,thoseinFig.24(b)

showaGaussian-likepeakprofile.Thisfactcanbe
understoodbasedonthedifferenccinthemomcnlum

spaceresolution;thesedataareingoodagreementwith
thetheoreticalcalculalionswilhinthestatistical

accuracy.Furthermore,inthepresenIsystem,a

measurementoftheenergiesforCompton-scattercd

photonandtherecoiledelectiontellsuswhicheleclron

statethecoincidcnteventcomesfrombyusingan

energyconservationlawandthebindingenergy.A

preliminaryexperimenlhasbeencarriedout,andthe

possibililyofstate-selective3D-EMDhaSbcen

demonstrated.Thedelailsconcerningtheseare

presentedinthe''UserSReports''sectionofthis
volume.2)
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Fig.26Relationshipbetweenrawwindowedfluorescent
countrate(S10),incomingcountrate(R10)andlO
measuredbyanionizationchamber(l｡).The
windowedfluorescentcountcorrectedfor

deadtime(S10(corr))isalsoincluded.
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Fig.25Photographofthel9-elementSSD.19Pentafet
preamplifiersandahigh-voltagebufferare
arrangedbelowthecryostat.

AFASTDETECTORUSINGSTACKED

A,低LANCHEPHOTODIODESFORX-

RAYDIFFRACTIONEXPERIMENTS

8．

weresetto6and50kcps,respectively.

Thethroughputofthesystemwasmeasuredby

countingtheCuKqfluorescentX-raysfromacopper

fbilirradiatedbymonochromaticX-rays.Theincoming

X-rayintensitywascontrolledbyadjustingtheopening

ofaslitplacedafterthefbcusingmirrorandmonitored

byanionizationchambel:Thecountinglossisusually

correctedbyrelyingonthelinearityoflCR.However,

itisfoundthatlCRisnotexactlylinear,andwhose

deadtimecannotbeneglectedwhenashortshaping

time,suchas0.25ILs,isused.TherefOre,thedeadtime
oflCRwasalsoevaluatedaswellasthatduetothe

spectroscopyamplifieretc.Anexampleofthe

throughputandthatcorrectedforbothdeadtimesare

showninFi9.26.Asshowninthefigure,thissystem

canbeusedupto350kcps/ch,whichcorrespondsto

6.6McpsintotalApplicationsofthisdetectorcanbe

fOundinthe'IUsers1Reportsi!section.

Afastdetectorwasdevelopedusingstacked

avalanchephotodiodes(APDs)forX-raydiffraction

experiments,particularlyforanelectron-densitystudy

Intheexperimentalapproach,severalkindsofeffects

limittheaccuracyoftheobservedstructurefactors.

Theyareextinction,multiplescattering,absorption,

countingstatistics,thermaldiffusescattering,etc.

Regardingthecountingstatistics,ifweuseadetector

thathasawidelinearity,wecanobtainabetteraccuracy

withoutusingattenuatorsandacarefulcorrectionfOr

thedeadtimeofthecountingsystem.Thedetectors

usingAPDsarejustsuitablefOrthispurposesincethey

haveafastoutputofnanosecondsandalow-noise

property.')

ThecountingsystemwiththeAPDdetectorwas

installedatbeamlineBL-14AinApril,1996.Figure27

schematicallyshowsthesystem.2)Thedetectorhas

fouravalanchephotodiodesstackedparalleltothe
directionoftheincidentbeam.Eachdevicehasa

detectionareaof2.8mmindiameterandadepletion

regionofl20ILmthickness.Ontheoppositesideof

then+-pjunction,thewaferwasetchedfromthe

surface,andonlyathindeadlayerofthep+layer

remainsthere・Thus,theX-raybeamcangothrough

thedevice.BystackingfburAPDplates,wecanobtain

anefficiencyof54%intotalat16.53keV.Thisis

References

1)EWIj/tle,R.B.Greegor,D.R.Sandstrom,E.C.

Marques,J.Wong,C.L.Spiro,G.RHuffmanand

EE.Huggins,Nucl.InstrumMethods,226(1984)
542.

2)S.RCramer,O.Tbnch,M.YocumandG.N.

George,Nucl.Instmm.Methods,A266(1988)586

3)M.NomuraandA・Koyama,KEKReport95-1

(1995).

E-14



X－ra

APD

detBctorAmp

ch4

ch3

ch2

chl

LLDULD

Pulse･ Discri．ScaIer

spIMer
CAMAC

Fig.27CountingsystemwithanAPDdetector.

three-timesaslargeasthatforasingledevice.

Fourfastamplifierswereusedfbramplifyingthe

signalfromeachAPD・TheAPDdeviceswere
containedinasmallstainless-steelchamberwitha

berylliumwindowl30IAmthick.Thechamberand

amplifiersweremountedtogetherona20armofthe

four-circlediffractometeratBL-14A.Thesignalfrom

eachamplificrwasprocesscdbyapulsc-splitterto

obtaintwosignalsthathavejustthesamcwaveform.

TheVweresenttoindividualchannelsofa
″

discriminator.Bysettingboththelow-andhigh-levels
fbrdiscrimination,wecouldrecordthecountsbetween

awidthinpulseheightforeachchannelwithacounter.

Settingthethresholdlevelsofthediscriminatorsand

readingdataineachchannclofthecounterwere

controlledbyapersonalcomputerwithCAMAC

Thebehaviorofthesystemwasmeasuredwith

16.53-keV(0.75A)X-raysinthemulti-bunchmodeof
thePFring.Thewidthoftheamplifieroulpulwasonly
3.2nsatthebottomwidth.Thewidthofthe

diScriminatoroutpulwasscttoaminimum,l.7nsal

thehalfwidth,andthepulse-pairresolutionwas3．3ns.

Themaximumcounlingrateofthecounterwas300

MHz.Asaresult､theupperlimitofthelinearilywas

morethanlONcounls/s.Thesumoftheoutpulsfor
eachchannelhadasalurationof4.5×108coun(s/sat

inputraleShigherthanl.0×109photons/ssincethe
saturationofeachchannelwasl.14×lOscounts/s.

Thus,adynamicrageofmorethanlO'owasobtaincd
becausethenoiseleveloftheAPDdetectorwasless

thanlO2counts/s.

WenexIobtainedthcRfactorsbytheAPD

detectorandbyaNaI(Tl)scintillationdetectorwith

E-15

atlenuators.Asiliconsinglecrystalof7011min

diameterwasuscdasasamplefortheevalualion.The

integralcdinlensityofthediffractionpeakswas
measurcdatl6.53keV.ThenumbcrofobServed

renectionsreachedl300.Thus,!hcRfactorbylhe

APDdetectorwasgivenbyO.0056andthatbyNal

wilhattenuatorswasO.0153for60independent

renections・ThisresultshowsusthaltheAPDdetector

enablesasimpleandaccuratemeasurementoflhe
reflectionintensitieswithoutattenuatorsandadead-

timecorrcction.

Rciもrenccs

l)S.Kishimoto,Rev.Sci.Instrum.66(1995),2314.

2)S.Kishimoto,N.IshizawaandT.PVaalsta,KEK

Proceedings97-8(1997),254

C.SUMMARYOFEXPERIMENTAL

S1NTIONANDBEAMLINEOPTICS

Figurcs28and29arelhclateslplanviewSofthe

SRlabora(oryareaofthePFandAR,rcspectively,

schematicallyshowingthcarrangcmentoi、the

expcrimentalslalionsnOwinoperation.

Tables2and3summarizetheexperimenlal

s(ationsinoperalionalthePF2.5-GeVringandAR

(6.5GeV)withthenamesoi､thespokespcrsons.The

basiccharacteristicsofX-ravbeamlinesarelisledin

Table4andthctypesofmonochromatorsforVUVand

sofIX-raybeamlinesarcsummarizedinTablc5.



〕25M
B■､ロ､』

0
、

88

一
饗一一

Ａ

虻
吾

ざ

念量、8 日興

fアに．にコユ
画0，
B84

｡

'20齢

釦8

鯛R

'20齢

釦8

鯛R

'20齢

釦8

鯛R

陣
的
陣
的

6A

髭6C
ク
ｒ
Ｏ

も
。
■

』一ら ク
ｒ
Ｏ

も
。
■

』一ら

毒
188188

7

ｱA

鴬8，，、
：113瞳

MoinExPll.Bld9

Fig.28PlanviewoftheexperimentalhallofPF2.5-GeVstoragering

狸 きう

ヨーヨ→巷

鯨

融ＲＡＩ０画ｎＨｎ
－

０

刷
耐ｕｍ凶Ｃ

ひ
4

、

1P

Ｌ
Ａ

Fig.29PlanviewofthesynchrotronradiationlaboratolyareaoftheTRISTANAccumulationRing(AR)

E-16



Table2ListofExperimentaIStationsatPFStorageRing

ExperimentalStalion SDokesDerson

BL-I

A{NTnSolidsurfaceanalysis S.Maeyama[NTrl

A.Yagishila(untilMar.'97)
H.Kato(sinceApr.'97)

BL-2

A

Bl

B2

C

(Undulator)

SoftX-rayspectroscopy
SoftX-raymicroscopy(untilMar.'97)
SoftX-rayspectroscopy(untiIMar.'97)
SoftX-rayspecroscopy

ｊ
ｊ
７
７
９
９
麺
虹
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Ｍ
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Ｉ
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い
い
陸

”
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即
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Ｗ
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Ｍ

BL-3

A

B

X-raydiffTaclionandscattering
VUVandsofiX-rayspectroscopy ９７、
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７１画
り
・
７

Ｍ
皿
ｌ
ｐ
ｍ
Ａ
仙
配
Ｓ
Ｓ

ａ
ノ
ー

ａ
．
ｍ

唖
師
叩
麺
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い
い
い
い

Ｍ
Ｅ
Ｙ
Ｈ
Ｈ
Ｈ

ClX-raydifTaCUon
C2X-raytopographyinmilli-Kelvinregion(fbrsolidhelium)(untilMar
C2X-mymagneticBraggscatteringbymeansofwhiteX-ray､sinceApr

ｊ
ｊ
ｗ
ｗ
９
９

１
２

４
Ａ
Ｂ
Ｂ
Ｃ

ＬＢ

Traceelemenlanalysis,X-laymicropmbe
Micro-cIystaland-alEasmlclureanalysis
PowderdiffTaclion

X-IaydiifacUon １

．
１
．
１
ｍ

ｍ
Ⅷ
砒

睡
恥
恥
ｗ

Ａ
Ｋ
Ｋ
Ｙ

BLb

AMacromolecularcrystallographybyWeissenirrgcamera N.Watanalx(unlilMar.'97)

N.Igarashi(sinceApr.'97)
N.Sakabe{TARA],M.Suzuki

O.Shimomura(untilMar.'97)

Y.Murakami(sinceApr.'97)
M.Ando

B[TARAIMacromolecularcrystallogaphybyWeissen"rgcamem

CIX-mydiffTaclionailowlem"ratures

C2Accuratelatticespacingmeasuremen!

７
Ａ
Ｂ
Ｃ

ＬＢ

[RCSISoftX-rayphotoelectronspectroscopy

(RCSISurfacephotochemicalreaclionandangleresolvedphotoelectronspecEoscopy
X-raysrctroscopyanddiffTacdon

Ｋ
Ｋ
Ｉ
ｌ
Ｓ
Ｓ
Ｃ
Ｃ
Ｒ
Ｒ
Ｉ
ｌ
ｍ
ｍ
ｍ

ｅ
ｅ
ｕ

Ｙ
Ｙ
ｍ

，
・
Ｏ

ｗ
Ｗ
Ｎ

Ｈ
Ｈ
Ｍ

Ito

Ito

BL-8

A

B

Cl

C2

[Hitachi}SofiX-raysEctroscopy
{HitachilEXAFS

{HitachilX-rayli!hography
IHitachi]X-raylomographyandX-raymicroscopy

Y.Hirai{Hitachil,A

Y.Hirai{Hilachil,A

Y.HiraiIHilachil,A

Y.Hirai{Hilachil,A

図
画
画
睡

価
加
価
伽

Ｓ
Ｓ
Ｓ
Ｓ

●
■
■
＆
◆
９
■
▲
■
■
Ⅱ
凸
■
勺
日
込

ｇ
ｇ
ｇ
ｇ

ａ
ａ
ａ
ａ

Ｙ
Ｙ
Ｙ
Ｙ

９
Ａ
Ｂ
Ｃ

ＬＢ

XAFS

[NEC]Pho(ochemicalreaction

[NEC]EXAFSandX-raytopography/difYTaction

M・Nomura

l.NishiyamaINECI,M.Nomum
H.Kimura{NEC1,M.Nomura

BL-10

A

B

C

X-raydiffTaclion/scattering,cryslalsIructureanalysis
XAFS

Small-angleX-layscatteringofenzymes,surfacediffTaction ｈＳ

ａ
ａ

“
・
釦
咽

Ｔ
Ｕ
Ｋ

Ｍ
Ｎ
Ｋ

Ⅲ
Ａ
Ｂ
Ｃ
Ｄ

ＬＢ

SoftX-rayspectroscopy
SurfaceEXAFS,softX-myspectroscopy

VUVspectroscopy(solidstate)
Angle-resoIvedphotoelectronspeclroscopy

Y.Kit可ima
Y.Kitajima
H・KaIo

K・IIo
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SDokesDersonExperimentalStation

BL-12

ACharaclerizationofVUV-SXopticalelements,softX-myspecUoscopy T.Miyahara(untilSep.'96)
K.IIo(SinceOct.'96)
K.IIo

M.Nomum
VUVhigh-resolutionsrctroscopy
XAFS

Ｂ
Ｃ

(Multipolewiggle/Undulalor)
AccuratelatticepaIametermeasul℃menI

BL-I3

A O.Shimomura(untilMar・'97)

T.Kikegawa(sinceApr.'97)
O.Shimomura(untilMar.'97)

T.Kikegawa(sinceApr・'97)
O.Shimomura(untilMar.'97)

T.Kikegawa(sinceApr.'97)
A.Nishijima[NIMC]
A.Yagishila(unUlMar.'97)
E.Shigemasa(sinceApr.'97)

BISurface-sensiUveXAFS,X-mydiffTacnon

B2Highpressure&hightem"ratureX-mydiffiaction

CINIMC]SofiX-myphoIoemissionspectroscopyandXAFS

(Vemcalwiggler)

Crystalsmlctureanalysis,EXAFS
High-precisionX-rayoptics
Generalpurpose(X-rayS)

BL-14

A

B

C

S.Kishimoto

K.Hirano

O.Shimomura(untilMar.'97)

K.Hyodo(sinceApr.'97)

BL-15

A

B

C

Small-angleX-myscatteringofmuscleandalloys
WhiteX-mylopographyandX-raymagneticBraggscattering
High-resolutionX-IaydiffmcUon

Ｏ
囮
ｏ

ｎ
ａ
ｎ

ａ
ｗ
ｍ

断
腫
別

Ｋ
Ｈ
Ｋ

BL-16

A

(Multipolewiggle/Undulator)
Generalpurpose(X-mys) K.Takeshita(untilSep.'96)

H・Kawata(sinceOc(・'%)

E.ShigemasaBSoftX-rayspectroscopy

BL-17

A

B

C

[FUjitsu]XAFS

{FujitsulPholochemicalvapordeposition
IFujitsu]GrazingincidentX-raydiffTaction,X-mynuorescenceanalysis

Ａ
Ａ
Ａ

Ｉ
ｌ
ｌ

ｕ
ｕ
ｕ

Ｓ
Ｓ
Ｓ

■
■
■
＆
■
■
■
ユ
。
■
■
且

◆
■
巴
◆
■
し
●
■
も

◆
Ｑ
日
日
一
己
日
日
Ｆ
》
●
。
Ⅱ
日
亨

ｕ
ｕ
ｕ

Ｆ
Ｆ
Ｆ

Ｉ
Ｉ
Ｉ

ａ
ａ
ａ

Ｖ
ご
Ｖ
ジ
Ｖ
ゴ

各
■
■
＆
■
Ｇ
Ⅱ
■
●
■
■
Ｂ

ｍ
ｍ
ｍ

Ｏ
Ｏ
Ｏ

Ｋ
Ｋ
Ｋ

Ｓ
Ｓ
３

蛇
睡
睦

BL-18

AIISSPIAngle-resoIvedphotoelectronspectroscopyofsulfacesandinにrfaces A.Kakizaki[ISSP}

T.Miyahara(untilSep.'96)
A.Yagishila(sinceOct.'96)
N.Watana"

O.Shimomura(untilMar.'97)

T.Kikegawa(sinceApr.'97)

Macromolecularcrystallography(WeissenbergandLauue)
X-mymwderdifYTactionalnon-ambienlconditions

Ｂ
Ｃ

BL-19(Revolverundulator)

A[ISSPISpin-resoIvedphoIoeleclronspectroscopy(Mottdetector) A.Kakizaki[ISSP]

T.Miyahara(untilSep.'96)
A.Yagishita(sinceOct・'96)
A.Kakizaki[ISSP]
S.ShinIISSP}

T.Miyahara(untilSep.'96)
A.Yagishita(sinceOct.'96)

B[ISSPISpin-resolvedpho(oelecdonspectroscopy(SPLEED)
[ISSPISoftX-rayemissionspectroscopy

BL－20

AVUVsMcUoscopy
B[ANBF]Whiteandmonochromaticram

K・Ito

,urposeX-mystation G.ForanIANBF],K.Ohsumi2enerd
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SDokesDersonExDerimentalSIation

T.Katsura[LightSourceDiv.1BI_F21[LighISourceDivision]Beampositionmonitoring

(BeamlinefbrexperimentsusingmdioisoIoFs)
Radiationbiology,sofiX-myphotoelectmnsEcEoscopy
Radiationbiology,X-mydiffilsescattering

BL27

A

B

ｉ
ｉ
ｈ
ｈ
錘
錘

Ｖ
グ
Ｖ
づ

ａ
ａ

。
ｂ
○
ｂ

Ｏ
０
Ｋ
Ｋ
Ｋ
Ｋ

(Ellipticalmultipolewiggle/Undulator)
VUVandsofiX-mysrctroscopywithcircularlypolarizedundulatorradianon

BL-28

A T・Miyahara(untilSep.'%)
T.Koi"(SinceFeb.'97)
T.IwazumiwithmlarizedX-ravsBSDectroscoDvandscatterinf

NipponTelegraphandT℃lephoneCorporation
TsukubaAdvancedResear℃hAlliance

ResearchCenterfbrSpectrochemistry,T11eUniversityofTokyo

NationallnstituteofMaterialsandChemicalResearch,AgencyoflndusmalScienceandTechnology

InstitutefbrSolidStatePhysics,TTIeUniversityofTokyo

AustralianNationalBeamlineFacility

NTT

TARA

RCS

NIMC

ISSP

ANBF

Table3ListofExperimentalStationsatAR

SDokesDersonExperimentalStation

(Ellipticalmultipolewiggler/Undulalor)
HighresolunonComptonandmagneticComptonscattering
SpectroscopyandscatteringwithcircularlypolarizedX-rays
SpectroscopyandmicroscopywithcircularlypolarizedsofIX-mys

BL-NEl

Al

A2

B

H.Kawam

T・Iwazumi

Y.Kagoshima(untilSep.'%)
T.Koide(sinceFeb.'97)

BL-NE3(Undulator)

AINuclearresonantSCattering
A2SurfaceandinにIacediffiacnon(untilMar.'97)

X.刀1ang

H.Sugiyama(untilMar.'97)

BL-NE5

AAngiographyandX-raycomputedtomography
CHighpressureandhightemperatureX-mydiffTacdon

K.Hy"o
T.Kikegawa

BL-NE9

B K.Kanazawa[Acc.kpt.]ment]Vacuumscienceandtechnology{AccelemtorDep

E-19



Table4X-RayBeamlineOptics

Re企配nceTypeof
Monochromator

血
咽
鋤

別
動
伏

BeamSize

(H×V)

(mm)

Energy
Resolu[ion

(ABE)×IO4

MilTorｈ唖
麺
・
唾

Ｂ
Ｂ
Ｌ

PhotonFlux

atSample
Position

Acceptance
Honz.

(m'M)

Collimating釦画l-3
FocusingMirTors
(FusedQuartz)

BL-3A41m×5

4×0.l

DoubleCrystal
Si(lll)

SagittalFocusing

～24～25

BL-3Cl/C2220×4 None 4～30None 4，5

6BL-4A6 50×4

4×1

DoubleCrystal
SagittalFocusing

～24～20None

BL-4Bl4.550×5 DoubleCrystal
Si(111)

～24～35None 7

BL4B24.550×5 DoubleCIystal
Si(111)

～24～35BentCylinder

BL-4C31．0×0.6 RatDoubleCrystal
Si(111)

~56~23BentCylinder8,9

BL-6A42．5×1 BentSi(lll)
(q=0,6.0｡,7.8｡,9.5｡,

ll.4｡,13.7｡,16.5｡)

5～25BenIPlane

FusedQuartz

1O

l×lO'o/6mm2

(8keV,

3"mA)

(l×lO''when
f唾u麺）

BLbB4 8×1 DoubleCrystal
Si(220),

Si(111),

Si(311)

SagittalFocusing

～24～25None ll-13

(4～13)
withSi(111

1.7×0.2 BentSi(111)
q=7.8｡

BentPlane

Si

Pt-coated

(SinceApr.'96)
14

BL-ml437×5 None 8～30 4，5，15

BL-6C20．55×5 Channel-Cut

Si(111)

7.58～33None

l×1010/6mm2

(8keV,

3"mA)

(1×lO''when
fbcum)

BL-7C4 8×1 DoubleCrystal
Si(111)

～24～20DoubleMirmrll-13

FusedQuartz

SagittalFocusing (4～13)Focusing

6×108/mm2

(10keV,

3"mA)

BL-8Cl/C2550×5 Channel-Cut

Si(220),

Si(111),

Si(4")

～25～40None

BL-9C5150×5 DoubleCrystal
Si(lll)

SagittalFocusing

～25～25None
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Branch

Beam

Line

Acceptance
Horiz.

(mrm)

BeamSize

(H×V)

(mm)

BL-17A41M×lO

BL-17C120×5

BI_R18B21.2×0.4

BL-18C10.07×0."

BL-20B226×3

BL-27B41m×10

BL-28BH:42.4×0.3

V:0．2

PhotonFlux

atSample
Position

1.1×1010

(12.4keV,

3"mA)

Si(lll)

3×lOlo

(9keV,

3"mA)

Si(220)
Pc～0．5

Typeof
Mon"hromator

DoubleCrystal
Si(111)

DoubleCrystal
Si(111)

DoubleCrystal
Si(lll)

Si(220)

Ge(111)

Ge(220)

DoubleCrystal
Si(lll)

①ChannelCut
Si(111)

②DoubleCtystal
Sagittalocusing
Si(111)

DoubleCrystal
Si(111)

DoubleCIystal
Si(111)

Si(220)

InSb(111)

BL-NEIA122×0.55×1012

(60keV,35mA)

DoubleBent

CrystalSi(lll)

BL-NEIA2280×4

3×4

3×0.5

BL-NE3AIH:0．315×21×103

3A2V:0.03(14.4keV)

DoubleCrystal
Si(111)

SagittalFocusing
Si(111)

SagittalFocusing
+BentMm℃r

DoubleCrystal
Si(111)

High-reSolution
Monochromator

NuclearMonochromator

ofSingleCrystal
57Fe203(777)

E-22

Energy
Resolution

(△E肥)×10-4

Photon

Energy
(keV)

MilTor

～25～13None

～25～13None

～26～30

~26~25

BentCylinder
FusedQuartz,
Pt-coated

Cylinder
FusedQuanz,
Pt-coat"

(H,V)

～24～25None

～24～20None

32～10

(at6.3keV)

840～180

(at60keV)

26～28

15～25

5×10．3 8～26

1×10－7 14.4

PTe-mlTor

BentCylinder
Si

Pt-&Ni-coated

Post-mirror

BentPlane

FusedQuartz
Pt-&Ni-coard

RefeIBnce

22

23

24

25

26

27

28，29

28，30

31



Re企に､CeTypeof
Monochromator

Energy
Resolution

(AE/E)×104

Photon

Energy
(keV)

MirrorPhotonFlux

a(Sample
Position

BeamSize

(H×V)

(mm)

Bmnch

Beam

Line

ｅＣｍ
、
ｊ極

印
・
皿

唾
Ｏ
Ａ
Ｈ
く

BL-NESA10150×85×108

(33.2keV)

32，33Asym.Cut
SingleCrystal
Si(311)

（α＝4。～6｡)

DoubleCrystal
Si(311)

6020～40

125～70

34DoubleCrystal
Si(111)

130～’㈹BL-NESC360×5

References

18)PhotonFactoryActivityReportlW#12(1"5)C6.
19)Y.SatowandY.Iitaka,Rev.Sci.InStmm."(1989)
23”、

20)Y.Amemiyaetal.,Nucl.Instrum.Meth､208(1983)
471.

21)PhotonFactoryActivityRepolTl"4#12(1"5)B3.
22)PhotonFactoryActivityReportl988#6(1988)I-15.
23)Y.Horiietal.,Rev・Sci.Instmm."(1"5)1370.

24)N.Watanabeetal.,Rev.Sci.Instrum."(1"5)1824.

25)R.F.GalTetetal.,Rev.Sci.Instmm."(1"5)1351.
26)H・Konoshietal.,Nucl.Insrtum.Meth.A372(1"6)
322.

27)T.Iwazumietal.,Rev.Sci・Instmm."(1"5)1$1.
28)H.Kawataetal.,Rev.Sci.Instmm.m(1989)1885.

29)PhotonFactoryActivityReportl"4#12(1"5)E4.
30)T.Iwazumietal.,Rev.Sci.Instrum.63(1992)419.
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1335.
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7)K.Ohsumietal.,Rev.Sci.Instrum."(1995)1448.
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Table5VUVandSoftX-rayBeamlineOptics
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●

ｅ
ｎ
Ｃ
ｅ
、
Ⅳ
Ｄ
ａ
ｚ

“
・
ｎ

ｃ
Ｏ
Ａ
Ｈ

(mIm)

Typeof
Monochromator

Grating
Groove

Density
(1/mm)

Pholon

Energy

(eV)

BeamSize

(mm)

TypicaiResoIving
Power(E/AE)arn

PholonFlux(/s)

64 lmSeya-N ㈹
㈹
２
４
１
２

5～50 1×1 10叩

4.83 lmSeya-N 12m 4～35 ~1， 10N

53．6 6.65mOffPlane

Eagle

叩
卯
２
８
１
４

5～30 2.5×IOs
104

285 3mNonnallncidence 12m

2400

5～40 2×1 3咽～300㈹

1012～108

40．5 Grating/Crystal ㈹
㈹
２
４
１
２

50～9卯 4×1 5“

K=0.55～2.2

入u=6cm
Grazinglncidence
R=10mq=89。

叩
叩
２
４
１
２

250～16m <0.2･ 5㈹～5咽

K=0．55～2.2

Au=6cm
Varied-Space
PlaneGrating

皿
珈
１
２

250～14m 0.9×0.1 5000

l0''

102
Grazinghcidence

R=24mu+6=165
◎

㈹
㈹
２
６

18m

10～280 ＜21

2㈹～30㈹

1012～109

61 PlaneGrating 12m

2400

10～10(X) 2×1 5m

0.51

Varie

Plane

800

24”

40～18m 5×1 1m

0.51

SX7m

PlaneGrating 1221 38～23(刃 5×1

20㈹

l0l0

10､5
Grazinglnciden"
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A.INJECTORLINAC CumulalivestaluHofklystronsuptotheendoflhiN

lermarcsummal･izcdinTablc4.TwenlyklysIr()115

operalcdl､ormorclhanl5,000hourswerereplaccdhy

upgradcdones.

Duringthisperiod,thelinacwasstablyoperaled.

Theoperationstatisticsforthisperiodarelistedin
Tablel.

Thecumulativeusagehoursofklystronsandthe

averagedfaultratewithaveragedappliedanodevoltage

areshowninTables2and3､respectively.

Table3Averagedfaultrateandaveragedapplied

voltagetoklystrons.

Fault

raIe

I/daylubc)

Applicd

voII&lgc

(kV)

ToIal

operatioI1

(Iubedays)

Pcl･iOd

TablelOperationandfailuretimesduringthisperiod
198:/8-l986/7

1986/8-1987/7

1987/H-l988/7

1988/8-1989/7

1989/8-1990/7

199()/H-l991/7

1991/8-l992/7

1992/8-|993/7

1993/H-1994/7

1994/8-1995/7

199:/8-1997/3

l.0

1．0

l.0

0．6

0．3

0．2

0．1

0.l

0.l

().1

0．3

238

239

240

241

244

246

248

247

245

246

243

5,6(X)

7.74(）

9,99(）

10,51()

10,69()

10,75()

10,14(）

10,01()

IO.月8()

9,21()

ll，16()

Operation
time

(hrs)

Operalion
ra【e

（外）

Failure

time

(hrs)

Date

1995

Sep.ll-Dec.27
1996

Mar.25-Jun.22

1996

0ct.14-Dec.16

”256823．8

279212.1

149013.8

99.0

99.6

99.(）

Table2Cumulativeusagehoursoiklystronsduringthepastyears

Total

No．of

tubes

Unused

No.of

tubes

Failed
- … g

Av.()p.limC

(hours)

MTBF
－

Period No.01

tubeS

Meanagc

(hours)

No.()I

luh" (hOurs)

uptol987/7

uptol988/7

uptol989/7

uptol990/7

uptol991/7

uptol992/7

uptol993/7

uptol994/7

uptol995/7

uptol997/3

106

120

140

158

176

191

203

217

230

268

４
２
５
６
４
４
９
０
４
７

１
２
‐
３
３
４

52

67

82

98

107

113

123

130

138

159

4,4()()

4,5M

6,4(X)

8,5M

10,1"

10,8M)

10,8(X)

10,9()(）

11,2()()

13,9()()

3(）

月l

認

月4

弱

54

56

37

58

38

13,600

13,300

14,400

14,700

15,800

17,100

17,700

18,700

19,200

18,400

9,6Ⅸ）

11,4M)

12,4Ⅸ）

11,2(X)

11,IM)

13,4(X)

15,3(X)

17，8Ⅸ）

19,00()

11,3()O

Table4CumulativestatusofB|-cathodeklystronsuptoMarchl997correspondingtotheyearofproduction.Unused

tubesarethosewhichhaveneverbeenusedintheklystrongallery.STB(stand-by)tubesarethosewhichhave
beenusedinthegalleryandcanbeusedthereagain.

Fiscal

yearof

produCt

Total

No.of

tubes

Unused

No.of

tubes

Failcd CumulativeMTBI:

operaliOn

(tube-hours)(hour§）

No.of

tubes

(STBWorking)Av.op.timeNo､)1.CauHes Mcanage

e-e+(hours)lubes(arcingwind()woIhers)(hours)

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

句
ｊ
〈
０
３
へ
ｊ
う
－
２
‐
－
戸
３
０

１
１

ｊ
１
ｊ
ｊ
ｊ
ｊ
ｊ
ｌ
ｊ
ｊ

ｌ
ｌ
Ｉ
Ｉ
Ｉ
Ｉ
，
く
く
く
く

７
０
８
８
５
２
４
３
３
５

２
‐
１
１
１
１
１
２
１

０
１
１
３
１
２
７
』
２
８
５
１
１

３
３
３
４
８
８
２
‐
３
０

１
１

０
３
０
１
６
６
１
０
０
０

45,256

10.467

37,689

13,348

9,862

15,694

6,812

4,02月

l,322

３
１
６
６
‐
０
０
’
０
０
０

－
岬
岬
恥
秘
判
唖
一
一
一
一

２
２
２
１

４
６
４
１
６
７
』
０
０
０
０

１
－
１

0

(）

(）

(）

(）

(）

(）

－
４
斗
７
－
、
、
４
斗
う
』
０
０
０
０

242,422

478,574

399,382

237.362

104,340

138,143

81,739

44，276

6．612

60,6()6

29，911

28.ぅ42

21．月78

17.3り(）

69.()72

Iolall5545571740019，984"3232720,0441,733,05032，699
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弓 ゴ ① い い ○ ① く で 詞 吻 ８ 国 、 ① 『 一 コ 、 乏 尉 ｃ ロ ⑥ 『 ｇ ① Ｑ

⑫ ． ］ Ｃ Ｏ ［ ゴ ー と 旦 匡 『 一 コ 、 一 コ ① ○ つ ① 『 画 〔 一 ○ コ ロ ① 『 一 ○ ・ ↓ 『 ○ コ ］ の ① ロ 一 ① 『 コ ウ の 『 ・
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Fig.4Historicalchangcinノ･て、Ihcproducloi､Ihchcilmcurrcll!andhctimlifclimc

pl.cHHllrCwasilb()Lll6．5×10'I}Tbrr(lllhtlltimc,ilndlhc
hcilmliiclimcw"ahoul75()minulc$atbeamcurrcllIN

01.1､rom64()mAl,)620mA.Wefinallyaccumulalcdil
milximumbcamL･urrcni()1，773mA，lherccord%I()rcd

currcnlinlhcPFring.ThcvacuumprcssurewcnlupI()
l.2×I()|}Tbrratthistimc.Duclolimilcdmachinclimc.

"wcllilHIhccul･'･enllyapprovedbcamCurrcnI(lc§N

lhilll8()()mA)byillaw,wcsI()ppcdlhestudytlllhiH

Icvcl.Wclhu8c(ippcdlhcphtisc-Islage(bcl.()1･clhc

upgradelolow-cmit(ancClilIIice)01､lhePFringwilh
Ihisachicvcmcnl.

AllhoughwcohscrvcdsomClongiludinillbcillll

inHIahililic9duringopcmlion，IhCywerenO(soHCriouH

rcgilrdinglhcHIorLIgcol､highcurrcnls.ThissuggcNIcd

lhallhcncwdilmPcdcavilics、whichwcresubslilulcd

l､()rlw()LMivilicHilm()ngl,()urduringlhClaSl9umlllcr

Shuld()un.wcrcveryuscl.ulf()ravoidinghc&1111

insItlhililiCs.WeLIIsocxpcriCncedri､lripsfour(imc付・

Sincclhcinpulc,)uplcr§wcrcn()ll.ullycondilioncd

undcr§uL･hilhighlnpuipowCrallhiNlime､Ihispr()hlcm

willnolhcscriol'9duringl.ulurcopcralions.Anrl.-

rclillcdi"ucduringlhis()pcralionisalsoreporlcdin
suhsCCli()112.3.

1．2Th･ialOperationofHigh-CurrentAccumulation

WeusuallysIoredaninitialbeamcurrcnlofahoul

400mAfbruscrruns,andalsohadexpcricncesof5()()-

mAstoragcinpastmachinestudiesandluning8.On
Decemberl6,1996,allheendoftheaulumnuserrun,

welriedIosIoreahighcrbcamcurrcnlinlhePFring.

Westartedoulalrialoperalionwilhahcamcurrcnlof

a()0mA,andthengraduallyaccumulalcdlheheamin

Stepsof30mA.Duringlheoperation,wcmoniloredthc

bcamprofile,cIosedorbildistorlion(COD)andRF

conditions.Wealsomoniloredthetcmpcmluresol.lhc

heam-ductwallaltypicallyllvelocalionsaswellaslhe

oullelwalerlcmperalurcsofcroichabsorbersa(Iwo

localions・Thevacuumprcssuresinlhcring,measured

with48BA-lypcionizaliongaugcs,wcrcrccordcd

cverysecond.Thiswasbecauscanabn()rmalprcSsure

risemighthaveshownusasignol､apoSSiblcaccident

IovacuumducIsorpholonabsorbersducloahighheal

load,althoughapressureriscduclopholodcsorptionis

notaseriousobslacleforaccumulalingahighercurrcnl.

Onehourafterthcoperalionstaned，abcamcurrcntof

600mAwassuCcCssfullysIored.Thcavcragcring
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Fig.5Displayofthestoredcurrent,showingthe

maximumrecordinthePFstoragering.
Fig.6Alignmentofthenewmagnetsonacommon
girder.

2．HIGH-BRILLIANCEPROJECT

=

(■

ReconstructionofthePFringisnowinprogl･ess.

Afterthisreconstruction,thePFringwillbeableto

providemuchbrilliantsynchrotronradiationtousers,

asaconsequenceofthereducedemittancebyafactor

offive.Sixteennormalcellsections,whichoccupies

aboutonethirdofthering,areunderreconstruction.At

thesametime,manystorage-ringcomponents,suchas

injectionkickers,beammonitorsandaccelerating

cavities,arebeingupgraded.Thereconstructionwork

beganinDecember,1996,andiswellunderway.Itwill

becompletedattheendofSeptember,1997.The

currentstatusofthisp呵ectisreportedhereaftel:

用
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Fig.7Newpowersuppliesforthequadrupolemagnets
asinstalled.

2.1MagnetLattice

Inadvanceofthescheduledshutdownfol･the

reconstruction,allofthenewquadrupoleandsextupole

magnetsweremeasuredintheirmagneticfields.These

magnetswerethenmountedoncommongirders.A

groupoftwoquadrupolesandtwosextupoleswere

installedonacommongirder,andwerealignedwith

eachothertoaprecisionofbetterthan±100ILm(see

Fig.6).Thus,theassembledgirderswillbedeliveredto

thestoragering.

Reconstructionofthestorageringbeganfrom

December,1996,justaftertheendoftheoperation.All
ofthevacuumchambersinthenormalcellsections

wereremovedinJanuary,1997.Afterthat,allofthe

magnetsinthesesections,exceptforthebending

magnets,wereremoved.Baseplatesfbrthenewgirders

weretheninstalledontheflooI:Thetransportationand

installation()ftheneumagnetswillstartinApnl,1997.

Itisplannedthatthelnagnetinstallation,includingthe

alignmentandconncctionofthecoolingwaterpipes

togetherwilhpower-､upplycables,willbecompleted

beforetheendofJulle,1997.Tもstoperationsofthe

entiremagnctsystemwilltakeplaceafterthat.

Newpowersul)pliesforthequadrupolesand

sextupoleswereinhtalledinthePFpower-sLlpply

buildingnexttothelightsourcebuilding(seeFig.7)

Newpowel･5uppliesIorthesteeringmagnetswerealso

completed・Sincethcoldsteeringpowersupplieshad

unipolaroulputstogclherwitharelaytoturnoverthe

polarity,thcreexislcdslightcurrentjumpSatzero

crossingThiswasimprovedbyreplacingallofthe

powel･sLIppliesbynewbipolarones.Thepower
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suppliesfOrthequadrupolesandthesteeringmagnets

inthebeamtransportlinewerealsoreplaced.Allofthe

magnetpowersupplieswillbecontrolledbyanew

controlsystemcomprisingaworkstationandaVME

system.

｡Q▲■

市 l

Uunn

Bp

-L

2.2VacuumSystem

AbouthalfofthebeamductsofthePFringwill

bereplacedbyneworimprovedones.This

modificationismainlyrelatedtothefollowing

improvements:1)replacementofthefocusingmagnets

andtheirarrangement;2)renewalofthekickermagnets

andachangeintheirlocation;and3)installationofa

newfastfeedbacksystem.Allnewbeamductswere

manufacturedbefbrethescheduledshutdown.Justafter

theringwasshutdown,thereconstructionworkbegan.

Thebeamductstobereplacedorimprovedwerefirst

removed(seeFig.8).

Themainpartofthereplacementtakesplacein

normal-cellsectionswherethenumbel･offocusing

magnetswillbedoubled.Sixteennormal-cellductsare

necessaryfbrthesesections.Thedesignofthenonnal-

cellductwasfixedafterthefabricationofaprototype

one.Atypicalviewofthenonnal-cellsectionisshown

inFig.9AbendingpartoftheoldductwasreusedfOr

Fig.8Removingthepresentnormal-cellductfor

remodeling.

thenewduct.Thestraightpartwasnewlydesigneds()

astobel､itforthcnewmagnets.Duetothelimited

space,n()bellowhcanbemountedbetweenacI･oIch

partandilsdownslreambeampositionmonitor,bothoi

whicha1℃fixedp()ints.Inordertopreciselysetthesc
fixedpoints,then()rmal-cellductwasassembledwithin

anaccul･acyoflmmTheeffectivepumpingspeedin

thenewductwasmaintainedsothataringpressureoi
below3×10-I('TI)rrcouldbekept.Inordertoreducc
thebroadbandimpedance,theinnerwallsofdiflbrcnl
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Fig.9Viewofthenewnormal-cellsection
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cross-sectionalpartsareconnectedassmoothlyas

possible.Inaddition,everynewbellowsandnange

connectionhaverfshields.Allstraightpartswere

fabricatedinFY1995.Byassemblingthesepartsand

somespareducts,threenormal-cellductswere

completedbefOretheshutdown.Anotherthirteenducts

arebeingfabricatedbyremodelingthepresentnormal-

cellducts.FigurelOshowsapictureofwherethe

normal-cellductarebeingremodeled.Eightofthese

ductswerecompletedinFY1996andtheremainder
fivewillbefabricatedinFY1997.

30 IOU11EOlB

PFnewIow､emittancBIaltice

BeamIifetimeIilIII
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Fig.11Calculatedbeamlifetimethatisexpectedunder

thelow-emittanceconfiguration.

“I1ows
bellows

Fig.10Normal-cellductbeingremodeled
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Becauseofthenarrowerboreradiusofthenew

focusingmagnets,thephysicalapertureofthenew

stl･aightductshasbeenreduced・However,duetoa
reductioninthebetatronfunctionsundel･thenew

optics,aslightlyimprovedbeamlifetimeduetothe

vacuumpressurecanbeexpectedifthepressureisthe

same.TheTbuscheklifetime,ontheotherhand,limits

thebeamlifetimeonlyundertheverylow-pressure

conditionsinmultibunchoperations.Figurellshows

theconsequentbeamlifetimeasafunctionofthe

vacuumpressure･

Kickerductsfol･thenewkickermagnetswere

alsofabricatedThekickerductisshowninFigl2

TheceramicpartsofallfOurkickerductshavethesame

shape.Theyweremanufacturedbysinteringand

planing.Inordertokeepawideverticalaperture,the

topandbottomwallsweremadetobethin.Onthe

otherhand,specialductsequippedwithelectrodeswere
installedforfastfeedback.Theseductsareusedto

pick-upbeamsignalsaswellastogivecorrectionkicks
tothebeam.

Everybeamductispre-bakedandfilledwithdry

nitrogengasuntilinstallation.Weintendtostart-upthe

Y

K,,01On
lrber

596
abso ↑

’

鋤
雫
腱睾

Fig.12Newceramicductforkickermagnets

ringvacuumwitholltm-situbakin9.expectingthal

sufficientwallcleaningbysynchrotronradiationwill

takeplacedunngarefisonableconditioningperiod.

2.3BeamMonitorSystem

2.3.1CalibrationoftheNewBPM

Beforcinstallingnew-typebeam-position-

monitors(BPMs),evcryBPMassemblywascalibrated
onateststandinordertodetenninetheelectricalcenter

oftheBPMrelative(()itsmechanicalcenter.Aprecise
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determinationoftheoffSetofeachindividualBPMis

importantfOrcommissioningandoperatingthestorage

ring.

ShowninFigurel3istheteststandusedfOrthe

calibration.TheBPMassemblywasmountedvertically

onthestand.Asteelwireof300ILmindlameterwas

strungcoaxially,andsimulatedthebeam.Bothendsof

thewirewereconnectedtoN-typeconnectors.The

wirewaspreciselyalignedusingaspringtensioning
devicelocatedatthelowerend.Thecalibrationwas

performedatafrequencyof500MHz,thesignal-

detectionfrequencyoftheBPMelectronicsRFsignals

emergingfromthebuttonelectrodesweremultiplexed

inaSP4Tswitchandtransmittedtoanetworkanalyzer

formeasuringtheirintensities.Theelectricaloffsets

werethenobtainedusingtheBPMsensitivity,which

wasderivedfromasimulationbasedontheboundary

elementmethod.
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Fig.14Distributionofthemeasuredoffsetsofthe
electricalcenterrelativetothemechanicaicenter

new-typcBPMswereaboutl/2-l/3ofthoseoflhc

old-type.Boththehorizontalandvcrticaloげsetsof(hc

new-typeBPMsal･enearlyzeroontheaverage,which

indicatesthatnosystematicerrorswereintroduccd

duringlhecourseoffabricatingtheQ-ductsandBPM
assemblics.ThescmeasuredoffSetsforallBPMswill

bestoredonacomputerandusedtocalculatethebeam

position.

In()rdertoaccuratelydeterminetheBPMoffscIs

relative(othemagnetaxis,abeam-basedcalibrali()'1

methodwillbe、el･yLIsefulThismethodhas(hc

advantagcthatitじaneliminatevariouserrorsoul℃e5．

includingmechanicalalignmenterrorsoftheBPM

assemblicsorresidualoffSetsofthesignal-processing
electronics.

■子I

職

鶴

1里要

I

＝

~

2.3.2Mcasuremel1tofthelnjectionOrbitbyaSinglc-

passBPMSystem

Asingle-pa"BPMsystem,usedtomeasurethc

injectionorbit,ha,beenprepared.Thepurposeofthis

systemistocorrectinjectionorbiterrorinadvance()|

thebeamstorageatcommissioningofthelow-
emittancclattice.

Thesignal-pl･ocessingmethodwasreportedinthc

lastactivityrepo1･LThebipolal･bunchsignalsofbulton

electro(Icswerel･ecordedinrealtimeusingahigh-

speedwaveformdigitizer.Thebeampositionswcrc

derivedl､romthel･atioofthefour-buttonsignals.Thc

signalsfromseveralBPMswerecombinedbytheaid

ofRFcombinerH、andthendetectedwithasinglc

wavelbrmdigitizel･.Thecombinedsignalswerediscrelc

pulse(rains,andcachpulsewaswellresoIvedon(hc

Fig.13Teststandforcalibratingtheeiectricalcenter
offsetsofthenew-typeBPMs.

Figurel4showsthedistributionofmeasured

electrical-centeroffsetsforthenew-typeBPMs.The
horizontalandverticaloffsetsofeachBPMareshown

asclosedcircles.Allofthemeasuredoffsetsareless

than500ILm,andtypically200ILm,inbOthdirections.

Thisisingoodagreementwithasimulationresultof

~200ILm,whichwasobtainedfromtheboundary

elementmethodbyassumingafabricationerror.InFig.

14,theoffsetsofelectricalcenterforold-typeBPMs

arealsoshownforacomparisoh.Theoffsetsforthe
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Table6Magnetdesignparameterstimeaxis.SixteenBPMswereconnectedtothesignal-

processingsystem,andtheinjectionorbitduringthelst

to4thmrnscouldbemeasuredwithoneinjectionpulse.

Theresolutionofthepositionmeasurementwas

estimatedtobeabout0.2mmfol･atypicalelectron

chargeof0.2nCwithapulsedurationof2ns.

Ameasurementresultoftheinjectionorbitunder

theusualconditionisshowninFi9.15.Thehorizontal

(X)andthevertical(Y)beampositionsareindicatedby

thesolidcircles.Thesolidlineoftheuppergraphis

theorbitcalculatedbasedonthedesignparametersof

thePFring,notincludingtheinjectionbumpThe

measurementpointswelllieonthecalculatedline.An

orbitcorrectionbasedonthesingle-passmeasurement

wasalsoattemptedThissystemwasprovedtobe

usefillfbraCODcorrectionwithoutanystoredbeam.

Magneticlength

Gapheight

Gapwidth
Peakneld

Characleristicimpedilnce

Fieldpropagationtime
Numbel･ol.cells

Inductallccpercell

Capacitancepercell
Dielectricmaterial

Moldingmaterial

345mm

60mm

170mm

942Gauss(at4500A)

6.25Q

187nsec

30

319nH

815pF
aluminaceramics

epoxyregln
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Fig.15Measurementoftheinjectionorbitusingthe

singles-passBPMsystem. Fig.16GeneraIviewofthe6.25Qtraveling-wavekicker

magnet.

Reference

l)THonda,M.Katoh,A.Ueda,M.Thdano,Y

KobayashiandTMitsuhashi,GCMeasurementof

injectionorbitusingasinglepassBPMsystemat

thePFring'',tobeappearedintheProceedingsof

1997ParticleAcceleratorConference,12-16May

1997,Vancouver,B.C.,Canada.

Table7Parametersofthekickerpowersupply

MaximumoutpuIvoltage

Maximumoutpulcun･ent

Outpuipulselenglh、

Characteristicimpedance

PFLIength

30kV

4500A

350nsec

6.25Q

35m

Tbble7.Thepulse-Iorminglineis35mlong,which

produceshigh-voltagepulseshavingapulselengthof

350nsec.Theshape()｢theoutputpulsefromthepower

supplyissh()wninFig.17.

Thetotalperf()rmanceofthekickermagnel

systemincludingaceramicvacuumchamberwas

testedTheshapesol､currentpulseattheentranceand

exitleadsol､themagnetweremeasuredbyacurrenl

transformer(PearsonllOA).Theresultisshownin

Fig.18.DLletoasmallmissmatchinginthemagnet

(i.e.,extracapacitancebetweentheelectrodeandan

outershieldingbox).theshapeofthecurrentpulsea(

theexitleadwasdel.ormed.Thepulseshapeofthe

totalmagnelicfieldwasmeasuredbyalongsearchcoil

2.4IniectionSystem

Afull-scalemodelofa6.25Qtraveling-wave

kickermagnetandaline-pulsertypepowersupply

weredesignedandconstructedfbrthehigh-brilliance

project.Theparametersofthemagnetarelistedin

Table6.Aceramicsplatewasusedasthecapacitor

dielectricbecauseofitslargedielectricconstantand

highinsulationperformancefbrhigh-voltagepulses(up

to30kVinpeak).Ageneralviewofthemagnet

withoutatopsafetycoverisshowninFigl6.The

magnetisdrivenbyanewlyconstructedline-pulser

typepowersupplyhavingacharacteristicimpedanceof

6.25Q.Theparametersofthepowersupplyarelistedin
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10V

錫

5V

/div

-40V
-118ns 100,5/div 882,5

Fig.170utputpulseshapeoftheline-pulsertypepower

supply.

5V1 C

Fig.20SlitpattemoftheTicoatingontheceramicduct

盃

5V

/di (3mm×600mm,lturn).TheresullisshowninFig.19.

Inthismcasurement,themagnelicfieldwasparlly

shieldCdbythecddycurrentexciledinthemcltil

coating()ftheceramicduct.AIfirst,weapplicdil

tilaniumcoating()flllmthickness.Wilhthiscoalin且、

themagneticfielLIwasreducedby50%、asshownin

Fig､19.Tbprevenlthisfielddrophy(heeddycurrcnl、

weapplicdapallcrnofslitstothcmetalcoaling."

showninFig.20.Withthiscoating､thefielddropw"

rCduCCdIo7%as、howninFig.19.

V

-35V

1764“-236ns 200ns/div

Fig.18Shapesofthecurrentpulseattheentranceand
exitleadsofthemagnet.

2.5BeamT℃stofNewDampedCavities

398仏U

Asrcportedinthcpreviousaclivityreporl､1)S()mC

Oftherfcavities()fthePFringhavcbccnrCplaCCdhy

ncwdampedcavi[ics,2､り'whiChWCredevclopedhy(1
collaborillionbe(weenKEKand(hclnslilulcol.Solid

StatePhysiCs(ISSP)oftheUniversityofToky().

Duringihesummcrshutdowninl996,lwooi.lhel､()ur

presenlctivitieswcrefirstreplacedhynewones.Thc%c

newdampedcavilics,logetherwithtwooldones,werc

SuccessfullyoperaにdduringthelasIscheduleduserrun

fromOcI()bertoDccember,1996.High-currcnIslomgc

wasalsoallemplcdonDec、12,1996,asreporledin
SecIionl.

Figure2Ish()wsasChematicviewofthedampcd

cavity.ThecavilyhaSbeamduclswithasomewhill

largediameler・Higherordermodcs(HOM's),whoHc

frcqucncicsareahovethecutofffrcqucncyoflhcducl.

2仏U
／div

-1602"U
-276ns 200ns/div 1724仏5

Fig.19Pulseshapesofthetotalmagneticfieldmeasured

byalongsearchcoil.

a)Withoutceramicduct,b)withceramicduct

havingahomogeneoustitaniumcoating,c)with

ceramicducthavingaslitcoating.
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Fig.21Schematicviewofthedampedcavity

propagateouttothebeamductandareabsorbedby

siliconcarbide(SiC).AlthoughHOM'sbelowthe

cutofffrequencystillremaininthecavity,thesecanbe

detunedsoasnottointroduceanycoupled-bunch

instability.Thisfrequency-shiftmethod,'o･'''usingtwo
fixedtunerstodetunetheHOMs,wasfirstdeveloped

atthePhotonFactory.

TheunloadedQoftheacceleratingmodewas

39500withtwofixedtuners,amovabletullerandan

inputcouplerattached.Theshuntimpedanceofthe

acceleratingmodeisestimatedtobe6.9MQ.TheSiC
isakindofsinteredSiC.Ithasaninnerdiameterofl40

mm,anouterdiameterofl60mmandalengthofl50

mm.TheresistivityoftheSiCwasabout50Qcmin

thefrequencyrangeofl-5GHz.TheSiCisfixedinside

ofthecopperductbyashrink-fitprocess.Thecopper

ducthasawater-coolingchannelontheoutel･surface.

SincetheSiChasgoodthermalconductivity,the

temperatureriseoftheSiCductisnegligibleunderthe

usualoperationofthePFring.

Conditioningofthecavitywascamedoutinboth

theCWandpulsemodes.Anrfpowerofupto90kW

(CW)andl20kW(pulse)wasinputtothecavity

dul･ingtheconditioning.Figure22showstwodamped

cavitiesinstalledinthering.Aninputcouplerwas

attachedtotheupperportofthecavity.Amovable

tunerwassetinthesideport.Twofixedtunerswere

placedattheothersideportandthebottomport.Inthe

figure,apartofthewaveguidehasbeenremovedAn

evacuationchamberwasplacedbetweenthecavities,

whichhastwo4001/sionsputterpumps,twoTitanium

sublimationpumps,avacuumgaugeandaquadrupole

residualgasanalyzer.Thebasepressurewasinthe

rangeoflO-IoTbrrafterbaking.

Figure23showsthevacuumpressureandthe

outputpoweroftheklystronduringthefirstbeam

storageaftertheinstallationofnewcavities.Sinceeach

cavitywasdrivenbyoneklystron,theklystronpower

mthefigureshowstheinputpowertoeachcavity.The

Fig.22Newdampedcavitiesinstalledinthering
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，Elapsed(ime(hourl0
(1

Fig.23Changeofthevacuumpressureduringthefirst
storage.

storedcurrentisgiveninthefigure.Thevacuum

pressLIrerangedaround10.KTbrrbefOreanelapsedtime
ofabout5hours,anLllO7Tbrrafterthattime.Ascan

beseeninthefigurc.thevacuumpl･essurebecame

highel･withincreasingthestoredcurrent,andthen

graduallydecreasedApartfi･omsuchaslowchangeoI

thevacuumpressure、thereexistedburstoutgassing.

Theworst()neamongsuchburststookplaceatan

elapsedtimeofabollt3.5hours;however,thepeak

pressuredidnotexcecdedtherangeofl0･7｢Ibrr.Aboul
lOhoursaflcrthefirntbeaminjection,astoredcurl･enl

ofmorethan400mAwasattainedwithoutanyserious

rforvacuumproblem.

Theconditioningusingabeamcontinuedfor4

dayswithamaximumstoredcurrentof500mA.AfteI

theconditi()ning,thcbasepressuredecreasedtothc

A-10



rangeoflO.9-10.'0Tbrratastoredcurrentof350mA.

NobursIoulgassingwasobServedduringtheusual

operationaflcrconditioning.

ThedetuningoftheHOM'swasquilcsucccssful.

Wecouldnotdeteclanytransversecouplcd-bunch

instability.Thelongitudinalcoupled-bunchinslabilily
wasstillobserved.However,itisconsidcredlohavc

beenduetotheold-typecavitieS､sincethefrequcnCyol、

Ihebeamspectrumwasdifferentfromtheresonancc

frequencyoftheHOM'sinthenewcavities.

Attheendofthescheduleduserruninl996,wc

triedtosIoretheelectronbeamasmuchaspossible.

TherecordofthestoredcurrentinthePFringhasso

｢arbeenaround500mA.Figure24showsthenew

recordthatwasachieved.Asmentionedabove,CW

conditioningofthecavitieswasperformcdbclowan

inpulpowerof90kW.Duringtheopcralion,lhc

vacuumpressurebegantorisewhentheinpulpower

cxceeded90kW,whichincludedwalldissipationand

bcamloading.Becausethecavitygapvollagcduring

lhisoperationwaslowerthanthatundcrcondilioning,il

wassuggcsIcdthattheoutgassingcamefromtheinpul

coupler.Amaximumstoredcurrentof773mA,ancw

recordatthePFring,wasachieved｡althoughthebeam

wasdownat743mAinthefigure.Notransverse

coupled-bunchinstabilitywasobserveduplothc

maximumcurrent.AIongitudinalinstabilitywas

clearlyseenontheSpectrumanalyzer､thOughitwasnol

veryharmful.Theinjectionratedidnotdecrcasc

drastically,andthequalityofthebcamsccnintheSR

lightmonitorwasnoIsodifferentfromlhalalalow
SIoredcurrent.Wecouldnotfindanvdifficulticsl()

operatetheringatsuchahighcurrent､exceptforlhc

lifetimeoi､lhebeam、whichcouldbeovercomchy

conditioningunderhighcLIITentoperations.
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2.6ControlSyStfm

2.6.IRcncwalol､lheControISysIcm

Arcnewalol.thePFringconlr()Isyslcmisundcr

wtly.Thcpresenlminicompulcrs(FACOMS-3()()()

scriCs)arcIobcl･cplacedIoworkslalionsandVME

syslcms.TheVMEsystemsarcuscdlopcrl､ormrCill-

[imepr()cessingoftheequipmcnl,andlhcUnix

worksItllionstakechargeofuppcr-lcvcIconlrolN.

Sol､twarc.suChascquipmentdriver%andman-machinc

inlcrl､““、isundcrdevelopmcnt.Thcncwconlrol

Sy31eml.orthemagnclpowersupplicswillhc

commissionedin()ctoher、1997､asthcllrsIsIageol.lhc

upgradc.

Thcmainpowcrsuppliesl.orbcndingilnd

quadrupolemagnctshavesofarhccncontrollcdviti

CAMA(?interfatfCSwhiCharCdirCCllyc()nncclcdi()
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Fig.24Changeofthevacuumpressureatahighstored
current.
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far.SincclhcsePC'shavenoconnecliontoacompulcr

nctwork,ithadbccnimpossibleforuserstochangc

inscrlion-dcvicegapsviathenetwork.Whentheuscr§

wanlcdtochangelhcgap,theynccdedtophoncan

opcralortodoil.ThcoperatorthcnwcnttothePC!sin

lhcncxIroom,andlypcdacommand.Aflerlhc

operationwilsfinishcd,itwasannouncedtotheuscrs.

InordcrIoHimplifylhis(roublesomeway､arenewalol，

Iheinscrlion-devicchcontrolsystemisunderway.As

Ihcfirsllrialcase,allcwcontrolsysIcmformullipolc

wigglcr#1](MPW#l3)wasconSIruClCd.

AVMEsystem(Indaworkslalionareusedforlhc

ncwconlr()Isystcm.TheVMEsyStem,whiCh

compriscsaCPUhotirdandaGPIBinterl.acc,
SubSIilulcsl.orlheoldPC.Itislinkcdloanexclusivc

nelworkwhichisdedicaledIoIheligh!-sourceconlrol.

Theworkslalion(hp715)isalsoconnecledIoIhc
nclworkandcommunicateswithusers.WiththiH

sysicm,cachuserinllleexperimenlalhallsendsagap-

changcrcqueslusillghisownPC.Therequcsli$

rcccivcdhytheworkslalion,andislhen,chcckcdil.

pcrmilledunderthecurrentoperalionlogetherwilhil､il

iswilhinthcallowahlerangeforindcpendenlluning

(Ihalis,lhcgaprangcwithinwhichthegapchangc

doesnolini､luenceolhcrusers).li､lhc%cconditionsarc

i､ulfillcd,lhcrcquesliHacccplcd.Theworkslalionlhcn

Sendsarequcs(IoIhcVMEsyslcm,andthegapchangc

ispcribrmed.

llwasascerlaincdlhatlhchasicl､unClionol､lhc

newsystcmworkedwell.AfterfurlhertesIsandlhc

addilionofNomefunLPlions,thissyStemwillbeopenlo

uscrsinl997.ThCLFonlrolsyslemfortheremaining

iburdcviccswillbercncwcdduringil9calyearl997.

CAMACdriversofminicomputers.TheseCAMAC

intcrfacesarekeptinthenewsystem,andaredrivenby

aVMEsystem.ACAMACserverprocessisprepared

inlheVMElomanageanyaccessrequesIsI､romlhe

workstations.Ontheotherhand,prcscnINIM

controllersforsmallpowersupplies,suchaSSleering

magnets,arereplacedbyaVMEsystem.These

magneIscanbehandledinasimilarmannerasthatof
CAMAC.

Inorderloasynchronouslyexchangedatabctween

difi℃rentcontrolprocesseswhicharedistribulcdinthe

Systcm,a"DalaChannel"systemwasdeveloped(see

Fig.25).DatasIoragccalled''DataChannel(DCh)'!is

preparedinthcsharedmemoryoftheservcrcomputcr.

TheDChisdividedinto|!channels､$,eachofwhichhas

memberg'tokeepdata.Theaddressofdalais
O9

uniquelyidentifiedbyacombinalionof''channel'!and
lO

member!!.ADChserverprocesshandlcsDCh

rcad/writerequCstsi､romvariouscontrolproccsscs.By

usingsimpleDChscrviceroutines.clientproccsscsare

ahlctoexchangedatathroughtheDCh・Thccrcation

ofDChmembersisconductedbytheclientprocesses.
ThcDChserverdoscnotcareaboullhecontenisof

data,andonlytakespartinread/writeoperations.

TheDChkeepsonlythelatesiupdateddata､SuCh

ilsIhemachineparametersoroperalioncondilions.In

()rdcrtokeepalogdatafbrlateruse,acollectorprocess

pcriodicallygathcrsthedatainDChandsavesthem

inloadatabasc.On-demanddatastorageisalsopossible

hysensingrequcsInags.

Controlprocesses(cIients).
channel

DChsew DaiasaverDatabase

r-e→

創
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2.6.3NcwOnlinc-d(llahtlscL()ggingSystemforlhc

SynchrotronRadiationBcam-LineConlrol
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ThcrcuretwenIV-lwobeam-linci､ront-Cndsallhc
p

2.5-GcVsI()ragcringlhalfeedsynchrotronradialion

IhroughthcbranChheamlinestothcExperimcnlill
Hall・Thchcam-lincfront-endshaveanumbcrol

componenl:andsenHorstoheconlrolled,including

vacuumvalvesandhcamshutlers,morethanonc

hundrcdinlolal,aswcllasintcrlockdevices,vacuum

prcSSurcgaugesandvalvc-drivingunils.Thesebcilm
lincsareaulomaliciillVcontrollcdhVIheBeamLinc

づ づ

ConlrolSysIcm(halcompriseslwcnly-twoCompulcr§

tmdahostcomputcrVAXStation4()()()/90(~3()MIPS.

Fig.25Schematicviewof"DataChannel"

2.6.2Renewaloflnsertion-DeviceControl

Therearcfivepermanent-magnelinscrlion

dcvices,Ihreeundulatorsandtwomullipolewigglers,

workingatthePFring・Eachinsertiondevicchadbeen

conirolledbyanindividualpersonalcomputcr(PC)so
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80MBofmemory)runningunderVAX/VMS.Thehost

collectsalloperationaldataandconlroldataofthe
beamlines.

TherehavebeenfurtherneccssiliestoallowIhc

operatorstoretrieveanycombinationsofcontroldala

forthebeamlines.Thisfunctionalityisparticularly

importantfortheBeamLineGrouptoimprovethe

performanceofthebeamlines,andtoanalyzeanysign

lhatwouldSuggestthepresenceofsomemalfunctioning

hehaviorofabeam-linecomponentbefbrehand.Thisis

alsotrueforpredictivemaintenance;theBeamLine

Groupmonitorstheclosing/openingtimesofthe

vacuumvalvestoanaccuracyofO.lseconds.The

opening/closingtimesshouldbewithintheordinal

rangestoensurethesafetyofsynchrotron-radialion

experiments.

Forthesereasons,anewon-lineLoggingSysIcm

hasthusbeendesignedandimplementedusingthe

Oracledatabase''whereallcontroldata,includinglhc

operationalstatusandset-upvaluesibrthebeamlines,

areautomaticallylogged.Figurc26showsasimplified

hlockdiagramoftheoperationLoggingSystem.The

LoggingSystemhasareal-timecapabilitytofetchany

cventsignalsaswellasstaticdata.Whenanopcralional

conditionchangesorwhentheslatusofadevicc

changes,theBeamLineControISysIemautomatically

notifieseventdalarepresentingthedevicestalusofthc

EventManagerontheVAXStalion4000/90.TheVAX

hastwo2GBdisksforthesystem,dalabasc

management,userapplications,anda4.5GB-diski､or

dalastorage.

ThcreareIwocalcgoriesol.operationaldillil

availahlcfromlhcBcamLineConlrolSystem:evcnl

dataand%laticdaltl.Eilchdadahasatimcslampwilhtlil

accuracyof201115.ThefirstcalcgoryinCludc5

asynchronousevenldalaacquiredfr()mdigitalON/OFF

pick-upHattachedlolhevacuumvalvcs,shuttersilnd

inlcrlock5.Therctircapproximately2000pick-upsin
tolal.Thcmaximumrilleofevenlsi2nalsreaches～3()()

ー

evenIs/sccwhenilllbcamlincshavcIosimultaneouHIV

cIose/opcnduelo'･ildialion-safetyrcasons.Thesec()11d

calegoryincludeshlalicanalogdatalhatareperiodicilll)'

measurcdataspecifiedinterval,rangingfrom3
secondsIooneminute.ThestalicdataincludcsIhc

beamcurrentoflhcsIoragcring、prcssuressignals

measurcdalthemiddlcpoinlofthchcamlineandlhc

storagcringataninlcrvalofthreeseconds.Thelolill

amounl()|､dalalohcloggedintolhcLoggingSyslcm

rcachcstipproximLI(cly35millionilcms,consumingl.a

GBol.diNkspacel1CryCar.

Up()nreceil'ingcventdata,IheEvcnIManagcr

attachesillimeslilmplolheevenldala,andforwardH

theevenldatatolheDalabaseManageraflermaking

compliancecheck，inlcrmsofthevalidilyoflheevcnl

dala.ThcStaticl)alaManagCrfclchcsslaticdaltlill

specil､icdlimeinlcrvalsassociatedwiththcdcviccHI()

hemca9ured.ThcSlalicDataManagcrallachesalimc

sIampilnddeviCecodclolhcmeasurcdvalue,andlhcn

sendsill()IheDalilb"cManager.Then,lheDalahtlHc

Managcl･sIoreslhedata(oaspecificdtableinlhc

databasc.Alloperillionaldatastoredinthcdatabaseilrc

archivcdlbratlca､llhrceyears.

A(iraphiCsInlcrl､accforoperatorsisaclicni('11

thCnCIwork,whiChisimplemCnlCdusingM()lii

widgel9.Anoperillorcanchooseanyilemsassocialcd

wilhdC,'icestohcscarched・ThcRclricvalManagcl･

encapsulillesthescilcmsintoapackel,andquerieslhc

LoggingSystemaLToS§thenetwork.Then,theRetricvill

Managcrreceives41replyfromlhedalabasethroughlhc

RequcsIManager.lranS化rringthcrcplyt()IheGraphic5

UsCrlnにl･laCetodisplaylhcresults.

ThcLoggingSyslemusingtldalahaseforlhc
svnchrolronradiillionbcamlinesatKEKcamcinlo
〃

aclualopcrationinlhcheginningoi､1995toreplacelhc

existingloggingl.ilc$yslem.TheLoggingSystemh"

becnrcliablyopcralingforseverillycars,providing

bellcrpcrformancclhantheanccsIorloggingl.ilc

sysIcm､cvenIoIhcdcgreeofacquiringreal-timeevcnl

opcmlionaldatal.romthebeamlincs.TheLogging

Syslcmprovidesi,mcansIoimprovcIheperformancc
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Fig.26BIockdiagramoftheOperationLoggingSystem
forsynchrotron-radiationbeamlinesatthePhoton

Factory.
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ofthebeamlines,andisusefulfordelerminingthe

causeofaprobleminabeamline.
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bucket3．MACHINESTUDIES

Fig.27Bunchlengthsofthetestbunches・Themain
bunchwasstoredintheOthbucket,anditsbeam

currentwas30mA.Thesquaresandcirclesshow

thecalculatedandmeasuredbunchlength,
respectively.

3.IMeasurementoftheLongitudinalWake
Potential

Inordertomeasurethcmedium-range

longiludinalwakefield、thedeCaytimcofwhichis

longerthantheminimumbunChspacing(2nsinthePF

ring),buIshorlcrthtintherevolutionperiod(624ns),a

IcsIbunchmelhodwasdeveloped.Inthismethod,a

mainbunchandsevcraltesIbunchesarcsimullaneously

§Ioredinthering.Alongitudinalwakcpotcnlial

gcncratedbythemainbunChhavingalargechargeis

prohedwiththctesthunches.Thebeamcurrcntsofthe

Icstbunchesaremadcsosmallthatthcinleraction

amongthemviavacuumvesselsisncgligible.The

lengthsorstalicphaseshiftsfromthcsynchronous

phasesofthetestbunchesaremeasuredasafunclionof

lhebeamcurrcnloflhemainbunch.Sincethese

parametersoflhelcslbuncheshavetoheprecisely

measuredundcrlhccxistenceofalargchackground

§ignalfromlhcmainbunch.awidedynamicrangeis

requiredforlhcmeasurementsystem.Ancxcellcnt

timeresolulionisillsonecessaryformcasuringsmall

phaseshifts.Forthispurposeweemploycdaphoton-

countingsysIemhavingadynamicrangclargcrlhanlOa

andatimeresolulionbcllcrthanlOps.Thcmcasuring

§ystemwasinslallcdinbCamlineBL-21.

Withthepholon-countingsystem,lime-averaged

par(icledistributionswithinthebunchesarcmcasurcd.

Sincecoherentoscillationsoftestbunchcscxcitedby

themainbunchaffcclthebunch-lenglhmcasurement,
lheeffectofthcoscillalionwasestimaled・Therms

amplitudesoftheoscillationsobservcdwithadigital

oscilloscopewercsmallcrthanlOps.Theirconlribution

IoIhebunch-lengthmeasurementwaslcSSlhanlps.

Inordertocheckthereliabilityoi､thcsystem,the

lcngthsofthetcsIbunchcswerefirstmcasurcdwithout

40

1
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(b)DFTofBunchLengths
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Fig.28DFTofthelengthsofthetestbunches

aCCumulalingthemainhunch.ThcresultwasCIosCI()

【hcntllurillhunChlcnglhwilhinthcrcproducihililyo1
lhcmcasurcmcnl.AI､lcrlhisc()n1.irmati()n,wemeasul･cd

thclcnglhs()1､thetesIhunchcS､whichweresIoredinlhC

l-171hhuCkcls,aSal､unclionol.lhchctimCurrenlol､lhc

mainhunchsIoredinlhc()!hhuckcl.Figure27sh()wH

ancxamplcofthemcasurcmcnlinwhichthebctim

currCnlo1.lhcmainhunChwas30mA.

InordcrIospccil､ylhcimpcdancesource,thcdillil

oI､thchunchlcngthswercanalyJEcdusinglhcDiscrclc
FouricrTrunsformIDFT).Thcre9ullisshownin

Fig.28.Thcmainfrcqucncycomponcntis88MHﾒ､“

Sh()wninlhcligure.(､onsidcringlhesamplingtheorcm，

(hcrclalcdl.rcquencycomponcnlis"/if±88M"Z.A

rcsonalormodelwilharc$onanlfrequcncy()1

2575MH'.aqualilylacloroi、120andashunl

impcdanccof80kQcxplainglhcmea%ureddalaquilc

wcll・allhoughwewCrCnottihlelodelerminClhC

impcdanccNourceS⑪「ar.SquilrcsinFig.27showlhc

bunchlcnglhsCalcultllcdwilhlhismodcl.
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Table80rbit-andRF-relatedparametersofthePFring

Be&nlEncrgy
Belilll･()111unC

RFI､『叫uCnCVご

RF，#('llilge
Harm('nicnumht,l･

Rc,'()lulionfrequじncy

Encrg)Spread

E(GeV)

v,/v，

/hF(MIIz)

l/RF(MV)
ル

/ff,,(MIIz)

OE

つく
一●、

8.4§/3.3(）

3Ⅸ).1

1.7

312

1.6029

0.ⅨX)7]

3.2DevelopmentofaLongitudinalPhaseSpace
Monitor

InaddilionIoIhclransversephase-spacemonitor

whichwaspreviouslyreporled､!･2!alongitudinalphasc-

:pacemonitorwasdevelopedatthePFring.Theusc

ofbothtransverseandlongiludinalmonitorsallowsus

Ioobservebeamoscillationsinsix-dimensi()nal(x,x',}､,

.vo,',6)phasespacc.

Withthelongitudinalphase-spaccm()nilor､both

lhephaseoscillationandmomenlumdeviationofa

Singlebunchcanbesimullaneouslyobserved.Ablock

diagramofthephasedetectioncircuiliSshownin

Fig.29.Thephasedeviation(0)oflhcsynchrotron

molionwasdclcctcdbymeasuringthcphascdiircrcncc

belweenthebeamsignaliromthebullonclcclrodeand

anrfSignal.ThcrffrequenCycomponcnt(5()0.IMHz)

ofthebeamsignalandthcrfsignall､rOmamaSlCr

oscillatorwercfirstconvertedtoanlFfrcqucncy(60

MHz).Thebcamsignalwasfedtoalimitingamplincr

inordertoavoidanycurrenldependence.Thephasc

differencebetweenthesesignalswaslhcndctected.

Afteralow-passfilterofIOMHz.thcoulpulsignalwas

digilizedwitha20-MHz､8bitnashADC,andlhCdala

wasimmedialclyscnltolhestoredmcmory.An

exIernalclocksignal、synchronizcdIoIhcbcam

rcvolution,wasuscdforthestarlol､ADCandlhc

memorycontrol.Thedataaccumulatcdinlhcmcmory

WCrelrilll§たrrCdI()theon-linecompulerthroughtlGP-
IBinlcl-|､ace.Ontheolhcrhand,themomcnlum

dCvialion(6)wa、delccledfromlhclransverschcilm

p()8ili()11&llaloc(llionol.finilcdi%persion,usinglhc
Iransvcrscphase-gpaccmonilorsy%lcm.Themomcnlum

dcviali()I1wagdcduccdhy6=A.1･/T1,whereniNIhc

dispcrHi()111.unCIi()11andAIisthchorizonlalposilion.TI)
rcjccllhchelal'･onmolionfromihchOriz('nltll

displacc'11cnl,al､illcrproccSsw"pCrl､ormedofi､linc.

ThccxpcrilllCntwaspcrl､ormcdundcrsinglc-
hunchol'cralionwilhahcamcurrcn(01.lOmA.Thc

maChinCptiramclcrNduringlhccxpcrimCnlaregivcnin

Tahlc8.ToChCckIhepcrformilnceofthephtlhc-

dclccli()11circuil.Ihebcamrc8p()nseloanrl.phil:c

modulilli()nwagl.irstmeasurcd.SinusoidalphilNc

modulali()nwasal'plicdI()lheaccclcralingheldusingil

phaScHhil､lcr.TI1Cl､rcqucncyandamplilude()|､[hc

ph"cm()dulali()I1wcrCscIIohc30.13kHzandl.()

dcgrecs.rc3pccli'cly.Figurc3()Hhowslhedigiliﾉcd

dalillakcilovcrlh()0()lurns.AnFFTspcctrum()1､Ihc

dalaisdi,playedinFig.31、whcrclhCi､rcquencyrilllgc

wa5ScIIohei､r('111IOIo50kHJl.TwopeakswCrc
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observedinthisrange;thefirstpeakat30.13kHzwas

inducedbytheRFphasemodulationandthesecond

peakat36.49kHzwasduetoacoherentsynchrotron

oscillationcausedbyalongitudinalsingle-bunch

instability.Theamplitudeofthefirstpeakisexpected

tobeproportionaltothemodulationamplitude.To

calibratetheoutputdigitaldatatothephase-oscillation

amplitude,themeasurementwasperformedfor

differentmodulationamplitudes.Theresultisgivenin

Figure32,whichshowstheamplitudesofthefirstpeak

versusthephase-m()dulationamplitude.Thegood

linearrelationbetweentheoutputsignalandthe

modulationamplitudesuggestedthatthelinearityofthe

phasedetectioncircuitisquitegoodover8degrees.

Aftersomedataproccssing,aphaseresolutionofabout

0.136degreeswasdeduced.

AsshowninFig31,themeasureddatainclude

contributionsfromtheRFphasemodulationandthe

longitudinalsinglc-bunchinstability.Sincethe

instabilitywassostr()n9,wecouldnotremoveitinthe

experimenl.Instcad,theseoscillationswere

distinguishedusingafilterprocessonanoff-line

computer.Themomentumdeviationwasalsodeduced

bysimilarprocessing.Figure33showstheresultsofa

longitudinalphase-spaceplotforbothoscillations
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inducedbylheRFphasemodulation(a)andbylhc

§ingle-bunchinstability(b).

ItwasShownthatthelongiludinalphase-space

monitorhasagoodperformancc.Afruitiulsludyon

lhebeamdynamicsisft)reseenusinglhismonilor.
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3.3Beam-ProfileMonitoringofSynchrotron

RadiationbyAdaptiveOptics

Thebeam-profilcmonilor,bascdonimagingof

lhesynchrotronradialion(SR),isgcncrallyuscdfor

diagnosisofthehigh-energyaccclcralor.AIthePF

ring,aprecisebeam-pr()|､ilcm()niloru%ingvisible

§ynchrotronradiationwasconslruclcd.'21Awater-

cooledmirrormadeofheryllium(Bc)wasusedasan
cxtractionmirrorforlhcSRheam.Thcmirr()ris

usuallydeformedbylhcrmalexpansioncausedhy

absorptionoftheSRbcam・Thedeformation()fthe

mirrorintrOducesawavefrontcrror(oftenamountsIo

morethanafewiwhere入=63]nm),whichmakcsa

blurredbeamimagc・Inapreviousexperiment,this

effecIwasparliallyeliminaledhyadeconvolulion

processunderanoff-lineanaly5is.

Weappliedatcchniqucol.adaplivcoplicJIo
climinatethewavefronlerrorcauscdbvIhcdeformation

ヴ

oftheBe-mirror.Thisofl℃rsusamorcrcliablemeans

Ioobservethebeamimagc.Inordcrlomeasurea

wavefronterrorcausedbylhcBc-mirror,aShack-

Hartmannwavefrontsensor'!wasde9ignedand

constructed.Thewavel.ronlcrrorwaslhencorrectedhy

usinganadaptivcoplicalsyslcm.
IntheShack-Hartmannwavcl､rontscnsor,lhc

wavefronlissampledbyamulli-lcnsarrayconjugated

withthemirror.Eachlensletculsoutaparlofthc

wavefront.Thelocalmcanslopcismcasuredby

§ensingthepositionofthcdil.fraclion-limiledspotin

themulti-lensarray'sibcalplane.Figurc34showsthe
resultofameaSuremenIoI､Ihcwavci､ronlerrorcaused

hytheBe-milTor,whichwasobservedusinglhissensor.
IIcanbeseenthatthewavc｢ronlwa9del.ormed

horizontallyinaCylindricalwayhyahoul211m(peak
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Fig.34WavefronterrorcausedbytheBe-mirror

Table9First8termsoftheZernikeaberration

coefficients.

ZCrl1lkeabCmll',)nU)Ci､11cienl:

Pi別ぃI1orc()nhl､II1IIcrm

Till,)1.wil,:ci､r('111

Focll、shin

ANliumalismwlhilxisal()o
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ANIiumalismwlh&IxiIsal4月。
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Third-ordcrc()''1&lill()ngx-axis

Thinl-ordcrc()I11ilill()ngy-axis

Thil･J-ordcrAI)11に､l･ic&llabcrrillion

0．0
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Thcoh(&lincdw&wcI､ronlerrorwasanalyylcduHing

S[andardLibCrrilli(''11hcory.TheCirClcpolynomiali('1

Zernikc|'al･cgcllcl･illlyLIsedIorcpresenlwavcl.ronl

aherrali('115(wcri,circularpupil.Eachcoefi､icicnl()|

Ihcpolynomial§い'rrc%pondsloacltlssifiedaherrali()n.

Weapplicdanilll411y9isoi､lheZernike'sabCrrali()11

coefficic'1Is、hy&llc"l-squarcl､illing､'ofIheComplclc

circlcp()lynomial、oI､ZcmikC.ThCl･csulloflhel､il･、IK
lermsOl､Zcrnikc'､ahcrl･ationcoefl.icicnlsarclislcdin

Tablc9.BCcall、clhcmirrorwasdeformedinil

cylindricillway,lhcahcrralioncocl.l.icicnlofthelburlll

Ierm("ligmali、m)iglargc.Thelhus-oblai'1cd

cocfi､icicnlswcI℃uscdIoCompcn%alclhcwavel､r()nI
error，

WcdCsigllcdilnadaplivc()pliCalsysIeml()

compcnHalelhcwtlvcI､ronlerrorcausCdbylhc

deformtllion()1.1ht･Bc-mirr()r.Thclayoulofadaplil|c

oplic§§)Hlcmi§、howninFig.33.Thedeformahlc

mirrori、§elinlhL､c()njugalcdplanCofthCBe-mirr()r.
Thesurlllccoi､lhcdcl.ormablcmirrorisdelbrmedasIhc

Conjugalcdgu'･facL､oI､lhcBe-mirrorusingthedatafr()111
theShack-Harlmi,'1nwavel.ronlsenNor.Thewavcl.r()nl

error()nlheBc-m'rr()1･isiransi℃rrCdonthedelbrmahlc
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Bc-mirror
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rnl汀or
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a

imagerelaylens
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Canlera

Fig.360pticalprinciple

Fig.37Shapeofthedeformablemirrorusedtocancelthe

wavefronterror,asshowninFig.34.

Fig.38Subtractionofthetwowavefronts,asshownin

Figures34and37.

mirrorusingtherelaylenssystem(1:1)and

compensatedbythedeformablemirror,asshownin

Fig.36.Weusedadeformablemirror(CILASBIM

31),whiChisa''bimorph"typemirror.ltisequipped
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with31clcctrodcs(halcanbcseparatelydrivenhy

zt400Vvolltlges.Thcshapeofthcdei､ormablemirror

uscdlocancclthewtwefronterror,showninFig、34,is

giveninFig.37.Thc3hapcol､Ihcdelbrmablemirroris

iusttheoppositeNhapeofthcwavefront.Thc
sublraclionbctwecnlhclwowavefrontsisshownin

Fig.38.Thcremainingwavcl.ronlerrorislessIhan"8.

Relbrcnccs

l)T.Mitsuhashi.Pr('ceedingsofthCFinhEurOpean

ParticleAcceleralorConierencc,SITGES

(Barcelona)､Juncl996,p.1669.

2)PHOTONFACT()RYACTIVITYREPORT1995,

#l3､p､A-20.

3)Rober(K.Tyson."PrinciplesofAdaptiveOplics{!.
AcadcmicPress.

4)M.B()rnandEWoli､､!'PrinciplesofOptiCs!',

Pcrgam()nPrcss,HixIhediIion(198()).

5)X.Tian､M.I(oh.TIYalagai,Appl.Opt.34(1995)
7213.

3.4SpatialCoherencyoftheSynchrotron

RadiationatthfVisible-LightRegionandits

ApplicationfOrtheElectron-BeamProfile
Measurements

ThcprinciplCo|､objccl-profilemeasuremcnlb)'

meansoi､lhcspatialcoherencyol･lighlisknOwnasvan
Cil(crl-Zcmike!s[heo1･cm.!'IliswellknownthalA.A.

Michelsonmeasuredlheangulardiameterofstarsh)'

(histheorem.2'WcI･cccntlyappliedIhiSmcthodIo

mcasurclhcheampr()file.AIfirsl,abasicinvestigation

oflhespati(ilcoherenceofsynchrotronradiation(SR)

inlhcvisihlelighlregionwaspCrl･ormed.Inlhc

scc()nd,amcasuremcntol.thevcrlicalheamprol.ilcwils

demonstrti(cdbyapplyinglhismcthod.

3.4.1SpatidICohel･cncyoftheSRforO-and7I-ご

Polilri/edComPonen(s

Inlhcvcrlicalplanc,!hccllipticalpolarityofthc

synchrotronradialionisoppositeagainstthemedian

planeol.lheelectron-heamorbil.Thcrefore,onccan

expeclaphilsediffercnceol､兀intheinterferograms

corrcspondingloO-tmd兀-polarizedcomponenIS.li

onedividcsIhcwavc｢ronIoflheligh[beaminIoIw()

beamsagaingllhemcdianplanc,andthen,couplethcm

againtomakeaninlcrferogram,theintensityoflhc

intcrl℃rcnccl､ringeisgivcnhy



’1ゞ鵜‘"⑥｝（!’ノ｡=("f+Q;)

｜'号鶚‘"伽｝（2’ノ"=(@f+q;)

where6denotestheoptical-pathdifferenceinphasc:a,

andazdenotetheamplitudesofthelighlbeamsL

correspondinglotwoopticalpathsintheinlerferomclcr.

llisexpectedthattherewillbeaphasedil､|もrenceof兀

inthetheinterferogramsbctwccnthcOand7[-polarized

components.

Atwo-beaminterferometcrofthewave-front

divisiontypewasdesignedandconsIruclcdbyusing

polarizedquasi-monochromaticrays.Aschemalic

drawingoftheinterfcrometerisshowninFig.39.A

double-slitassemblywasappliedfordividinglhewave
front.ThedistancebetweenthcIwosliIscanbe

continuouslychangcdfrom5mmlo80mm.The

resultantinterferogramismeasuredbyaCCD(Plinix,

TM765)andanimageproccssor(Spiricon,LBA-

100A).
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Fig.40Resultsofinterferogramsfortheo-and兀‐

polarizedcomponents.Thedistancebetweenthe
doubleslitsis5mm.

JWknsD=80m'00@
hand①舐sfIter700nm＋ﾉｰ51

Fig.39Designoftheinterferometer

Inordertoconfirmtheahove-mentionCd

characteristicsoftheSR,interierogramswcremeasured

l､orboththeO-and7t-polarizedcomponentsofthe

Synchrotronlightatopticallaboratory2ofBL-27.

Observedintereferogramscorrcsponding[oIheO-and

兀-polarizedcomponenlsareshowninFig.40,which

includetheinterferenceci､fccllogelherwitha

diffractioneffecl.ComparinglhcscIwoinlcribrograms,

ilcanbeseenthatthercisaphasedifi､crcnccof兀

betweenthem、asexpectcd・Formcasuringlhcbeam

profile,one(O)ofthepolarizedcomponentswas
selected.

Forlaterusc,theabsolutcvaluc(visibility)and

phaseofthecomplexdegreeofspalialcohcrcnccwere

measuredbychangingthedistanceofthedoubleslits

from5mmtol5mm.TheresullsareshowninFigurCs

41and42.AsshowninFig.41,lhevisibililywas
almosIzeroataslitdistanceofl5mm.Thismeans

thatthebeamprofilehadnOmorchighcrspalial

l､requencypartsoftheFouriercomponenl.

3.4.2Applicatiollo｢IheSpatialCoherencyfol･dご

VCrlicalBcilm-ProlilcMeasuremen[

Lighlemillcdhyanohiccloi､|､initesizegencmll)'

doesnolhavcapcrl.cctspalialcoherencc,buthasil

certaindcgrccol､c()hcrcncc.llispossibleloreconstrucI

theprol､ilcol､lhc()hijjccll､romlhedalaofinlcrferogramN
whicharclakcnl.()I･variousdistancesofdoubleslil§・

Sincelhcinlcribr('gramsarcverysensitivetotheohiccl

size,Ihismcth()dwillbepar(icularlyusefull､()r

measuringsmallhcamsizes,suchasavcrticalbeam-

sizemcahurcmcnllt)rvCrylow-emittancebCams.

Accordingl()vanCitterl-Zernikc!stheorem,lhc

ohicctpr()fileis()hlaincdbyaFouriertransformoflhc

complexdegrcc()｢spatialcoherencc.Let/(O)dcn()lc

theprol､ilcol､an()hi」jccl(inourcase,thebeam)a3&l

function()ftheangulardiamctcre,andlelY(D)den()lc

Ihecomplexdcgrccol､Spalialcoherence,IhescvalucH

arerelalcdbylhcI()llowingFourier(ransibrmrela(i()n:
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7(D)=I/(e)exp(-ikDe)de (3)

=c(D)+js(D),

whCreC(D)andS(D)dcnotethecosincandsine

Fouriertransformsof/(O)、rcspcclively.The

interferogramisthcngivenby

ノ(8)=!+|)'(DIcos{kD(8+0)}.(4)

and

｡=!air!4" （5）
c(D)

Thcrefore，fromlhedalaoftheabsolulcvalueand

phaseofthecomplexdegreeofspatialcohcrcnce,we

canreconstructthebeamprofilebytheFourier

transform.Thercsultoftheverticalbcamprofile,

obtainedfromthedataofFigs.41and42、isshownin

Fig.43.Aleast-squarebeamSizeObyasecond-order

momentwas21411m.

l.2

l.0

0.8

0.6

0.4

0.2

0.0
S IS
0310
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Fig.41Absolutevalueofthecomplexdegreeoispatial
coherence,whichwasobtainedfromthe

measurement.

5

4

3
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0
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dslan"ofmubleslil(mm)

Fig.42Phaseofthecomplexdegreeofspatialcoherence
obtained.Theverticalaxisdenotesthephasein
radians.
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Duclolhephaselermoi､lhccomplexdegrccol、

spalialcohcrcncy､thebeamproi､ilchadanasymmclric
distributi()n.Thisas)'mmelryinlhcdistribuIioncurvc

wasmainlycausedbyadeformationoftheextraclion

mirrorforlhesynchrotronlighl.Alargeastigmalism

lermhadbccnobservedbylhcinsilumeasurementol、
thesurfaccflatnessofthemirror.''1nasimilar

lcchniqueasthenoise-eliminalionprocessingfor

electronicsignalsitispoSSiblcloeliminatean

asymmetricparloftheFouriercomponentsoflhc

complexdcgreeofspatialcohcrcncy.Astheeasicsi

way，wclricdIoneglecttheFouriersineterms.Thc

resullisshowninFig.44.C()mparingFig.44with

Fig.43,lheasymmeIricparlcausedbylhemirror

Z
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Fig.43BeamprofileobtainedbyaFouriertransformof
thecomplexdegreeofcoherence.
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Fi3.44BeamprofileobtainedbyaFouriercosine
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deformationwascliminalcd.Theleast-squarcheam

SizcinFig.44is20211m.Thistechniqueisvcryuseful

l､oreliminatingunknowneffects(asymmclriclcrmso{

Ihewavefrontaberration)oftheoplicalcomponcnls

helweentheobjcclandtheimageplanc.IIshouldbc

notedthatwecannotapplylhistechniquel､orlhC

l､ollowingcases:1)anopticalsysIcmhavinga

Symmetricwavc-fronlerror"suchasasphcrical

ilberrationand2)abcamhavingana9ymmclric

disIributioninoriginal.

couPlcd-hunChil1sItlbililyi9induCCdbyc()upling
helwcCnlhccohcrcnlmotionsofthcheamandion5.

ThccouplcdinolionoI､lhchcilmandionstrappcd

inlhchci'mpolCnlialwassludiedhyusingasimulali()11

melhodh"edonLIrigidGau§§ian-hcammodel.Thc

equalion、()|､moli('nlbrabunchandionsarcexpre§Hcd
asl.oI1(ﾊい：

(／1．+K(w'!=Zfb(",・’v-÷+K((1{＝すZ帥,－X,./:ぴい)脳(ー舟,)
《/､‐一イー1

コ
(/xⅣノ‘。

一一=－－f1;ドル;-",:o(m))6(I-'(『)).
i/I一2Mノ〃

(2）

(3）

Relもrences

l)M.BomandE.Woll､,''Principlesol､Oplics|!,

PergamonPrcss,sixIhedilion(1980)p.508.

2)A.A.Michelson,Astrophys.J.51(192())257.

3)T.MitsuhashiandM.Kaloh,Proceedings()l.lhc

FifthEuropeanParlicleAcceleratorConlbrCnCC,

SITGES(Barcclona),Junel996､p.1669.

whcrc.r<(lnd.I|,､ill･ctheposilionsol.lhcclcclronhunch

andlhcj-Ihion,rc、peclively､F(,isgivenbylheBaHsclli-

EI･NkinCl.01･mulaillldⅣゞisthcnumbcrofelec[ronsinil

bunch.Nislhcnumherofion§、whicharCrCprcscnlcd

bymilcr()particlchinlhesimulali()n.

ThcrcHidui'lgasComponcnlsinthevacuulll

chamhcl･Llrcmosll,!COandH，inlhcPFring.AIypicill

spCclrumconsislCLIoI､489fibrCO&lnd41%forH,.Thc

ioni/ali()11cro§§§cclion()|､COistlh()ul6-timeshighcl･
里．

Ihanlhill()1､H,.WclhcnassumclhaICOpltlyHil

domin(1111rolcinlllelwo-bCamin%lilhilily､andncglccl

othcrspccics()fi()I18.
FigurC45sI1()w51hev(､licillCoordinalCol.illl

し．

hunchc%whichpil卦SIhroughtlccrlainlocalioninlhc

ringwhcillhcIw,)-bcaminslahililyoccurs.llctmhc

secnlhallhchun(･hpatternshowscoherentmolionill

thei､rcqllcncy()I(I-Av$)(,)I,.Figure46showHIhc

gr()wih%()l.lhcco''plcd-bunchm()dcl､or5omeca§いいl

vacuumprcssurcThegr()wIhlimcwasl2()()lul･11，

(12()()limcsIhcl･cv()lulionspCl･iod)|､ortlpilrli(11

prcssLIrcol、10''｢orl･1.orCOga9.SinCethCacluill

preS§urci9ahoulhtlli､orleS§thanlhiS・thegrowlhlilllc

w()uldhc～2()001urnsormore.Thcinslahilitvcanhc
ご

conlrollcdhyinlr()ducingLandaudilmpingbymeanH()|

octupolcmagnClHThcgrowthlimCoblainedi､romlhc

3.5NumericalStudyfOraTwo-beamlnstability

duetoIonTrapping

Thetwo-heaminslability,causCdhylhC

inleractionbelwecnionsandtheelec(ronbcam,has

heenstudiednumerically.Ion-trappingphcnomcna

havebeenobservcdalthePFringforalonglime.

UndertherecenIvacuumcondilions,acouplcd-bunch

inslabilityduetoiontrappingcanbeobservedahovca

lhresholdcurrentofabout40mAiftheringisunilbrmly

filledandtheoctupolcmagnetsaretumedoff.In()rdcr

Iooblainabetterundcrslandingoftheinslahililyduct()

i()ntrapping,anumericalanalysiswasperl､()rmcd.Thc

§ludyisbrieflyintroducedhereandthcdclailsare

describedinref.1).

Positivcions,whichareproducedducto

ionizationofresidualgasbylhcbcam,arclrappedhy

tinattractivcforcc.Thcionsoscillatealal､rcqucncy

determinedbythepolcnlialoftheclcclronbcam.The

()scillationfrequencyiscxprcsscdby
0.皿4

厭示￥廟， (I)の＝
『

O・皿2

（
↑
仁
）
エwhere"c,0､.yarcthelinedensilyandlhesizeof

clectronbeam,respeclivcly,andA",,ﾉ刀噂arclhcmasses

()ftheionandelectron,respectively.Thco8cillalion

I､requency((,)!)ofionsis2兀×l.19MHzatabeam

currentofI=40mA､bCtatronfunCtionsof6w=lOmand

x-ycouplingofl%Thisfrequencyisverycl()scIoIhc

coherentfrequency((1-Av,)(,)i,)ofthcheam.The

0

､0．皿2

b

y(pn)
－0.咽4

024681012141618m22

RevOlution

Fig.45Coupled-bunchpatternduetoiontrapping.
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simulationwasconsislentwiththeLandaudamping

Iimewhichisrequiredtocurctheins(ahility.
0．01

0.”1 Reibrcncc

l)K.Ohmi，KEKPreprint96-160,tobeappcaredin

Phys.RCv.E55.

0.皿1

1今鱈
（
Ｅ
）
蚤
》
Ｅ
湯
1合“

4．STORAGERINGSPECIFICATIONS
1合07

ThisscctioncontainsprincipalspecificationsoI

lhc2.5-GcVPFringIoprovidcquickandhandy

inl､ormalioni､oruscrHandmachinephysicisIs.Thcsc

paramclersilreunderlheprescntlalliceconfiguralion.
lhalis,bel.orereconsIructiontothclow-emittancc

lallice.Delailspecificalionsandparametcrsarc

availablelhroughIheWorldWideWeb(URL:

四
”
今
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１
１
02皿4皿…8唖1…

Revolunon

Growthofthebunchamplitudeatvariousvacuum

pressure.

Fig.46

http:"pinecone.kek.jp/pfring.stalus.html)

MRc
呉認§R'6

誉鴛
・2

鼠｡，
o㈲
や

筆 B
豆

Q

SF,SD
OCT

VD

PV

SQ

K

S

RF

U

VW

MPW

EMPW

蕊皇

c吻月

唖

R101

日
司
】
Ｌ
ｏ
ｎ
四

芯､‘

雲
守○a

Fig．47Ringlatticecomponents.

A-22



７

０

０
０
０
０
０
０

１

１

１

１

１

（
、
三
・
ｇ
震
．
Ｑ
も
阿
信
幕
Ｅ
戸
Ｅ
辺
の
匡
ｇ
ｏ
二
ｓ
①
。
巨
星
三
』
、

、
、
‐
Ｉ
‐

而
岬
面
に

二
－９
６
０

旧
Ｖ
ｕ
ｅ
ｍ
Ｇ
ｕ
５

Ｃ
《
ｂ

一
恥
匡

PhotonFactory
E=2.5GeV,I=300mA
E＝125，，．rad
又

2発coupling

毎

．
ｇ
砲
ｎ
ｍ
ｐ
ｎ
ｕ
顕
函
司
％
周
凸
Ｉ

Ｅ

Ｐ
６

‐
｜
側
‐
脚
‐
一

１

坐
皿
唖
跳

繩%’

AMPW

F13－U
B

C

匝 亜 ，

ﾌニーペ

犀回雨
で

雨
」珂

幽
恥
岬

[亜回
、

１
１
、
、

II

105104103102101

PhotonEnergy(eV)

Synchrotronradiationspectra.

Brillianceofradiationvs.photonenergyfortheinsertiondevices(U#02,MPW#13,VW#14,MPW#16,RevoIver#19

andEMPW#28)andthebendingmagnet(Bend)ofthePF,andfortheinsertiondevice(EMPW#NE1)oftheAR.
ThenameofeachsourceisassignedinTablelO.Severalinsertiondeviceshavebothundulatorandwiggler
modes,whicharedenotedbyUorW,respectively.Thespectralcurveofeachundulator(orundulatormodeof

multipolewigger)isalocusofthepeakofthefirstharmonicswithintheallowablerangeofK-parameter.Spectraoi
RevoIver#19areshownforfourkindsofperiodlengths.

Fig.48

TablelO|nsertiondevices

Calculatedspectralperformancesofthebendsourceand6insertiondevicesatthePhotonFactory.E/1:beamenergyand
current,Au:periodlength,N:numberofperiods,L:lengthofundulatororwiggler,G(G,):minimumveltical(horizontal)gap
height,By(Bm):maximumvertical(horizontal)magneticfield,P:pureconfiguration,H:hybridconfiguration,S.C.:
superconductingmagnet,o,、:horizontalorverticalbeamsize,o,､:horizontalorverticalbeamdivergence,K"(K):

horizontal(vertical)deflectionparameter,E!/Ec:photonenergyofthelirstharmonic(criticalenergyinthecaseofbend
sourceorwiggler),AE/E:relativebandwidth,Pc:degreeofcircularpolarization,D:photonfluxinunitsolidangle(photons/s

･mrad2･0.1%b.w.),$:brilliance(photons/s･mm2．mrad2.0.1%b.w.),PT:totalradiatedpower,dP/dQ:powerinunitsolidangle.
Di什erentoperatingmodesofundulatorandwiggleraredenotedby-Uand-W,respectively.

NameHIUN入1．

GeWmAcmm

it･‘jfDの1，‘

kW

(i､((1､）B,(B,）Typeof

cmTma9neI

。，G，｡、6．K､！K､）f，／（､L

mmmmmradm｢adkeV

dIV“2

kW／mrad

Bend

U#026.O

MPW＃13－W18．0

‐U

VW＃14

MPW＃16-W25/300120

‐U

RevoIver5．0

＃197．2

10．0

16．4

EMPW#2816．0

．W

。U

0．740．260．380．037

H(NdFeB）0.780.110.160.0222.25

H(NdFeB）1．660．170．1弓0．019250

2.O

S.C、1．05．0960．160．025

H(NdFeB）0．780．110．160022168

20

H(NdFeB）1660．170．15001913

H(NdFeB）27

H(NdFeB）50

P(NdFeB）95

P(NdFeB）105．0960160025

1511）

1（1）

4．0

0‘28

62

0108

208

6．2

0162
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0176
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TablellGeneralparametersofthePFstoragering

Energy
InitialsIored(mulli-hunch)

CurrenI

(singlebunch)

Emitlance

CirCumibrcncc

RFfrequenCyご

Injeclion

Beamliltlime

VacuumpreSSurc

2.;GeV

4(X)mA

6RmA

旧()nm.rad(horizonlal)

~2nm.｢ad(verlical)

187m

S()().IMHz

2.5-GcVLinac

6()h(a(3()0mA)

Z3x10'｣'Torr(al3"mA)

P/l～8×IO!''Torr/A(a【～2ROmA～弱()mA)

～3×I()''Torr(aiOmA)

(().7:CcVIo3GeV)

im4Ix77.1mA)

(m,IxI()4mA)

(hL,I1dingr&ldius=8.66m)

(hi''･111()niCnumhCl･=312)

(Pい､ilr()n/clccir()I1)

l.Tz18A･hい【～2S()mA～おOmA)

InSertiondevic" Supcrconduclingv(､ticalwigglcr;T

6()pcnodundulalorK=1.78～().1

26pcnodmullipolewiggler/undul&llorl・月T~().()4'l

Fourw&lyrevoIvCrlypcundulai()1･

14pcnodmullipolewiggler

Elliplicallypolarizedmullipolcwigglc'･

SRchannels SRcxpcrimenl22

Bcamdiagnosis3

Tablel2Beamparameters

HorizonlalIunev，

Vcnicallunev，

Momentumcompaclionl.aclorU

NaluralChromalicilyら、
腱
、、

BunchlenglhO,

Transversedampinglimc

Longiludinaldampinglimc

Energyspread
Radialionloss
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Tablel3SummaryofBeamlineFrontEndsinFY1996

SialusSoUI℃c SPL,cimlrangcAfnlialionBeamline

VUVilnd90fIX-rav

;')ftX-ray

VLIV41nd"|､IX-raV

X-ray

KEK-PFandNTT

KEK-PF

KEK-PF

KEK-PF

KEK-PF

KEK-PF

KEK-PFand

UniversilyofTokyo

HilachiLId.

NippOnEleClrical
Co.(NEC)

KEK-PF

KEK-PF

KEK-PF

KEK-PF

KEK-PF

Bendingmagnei(BI)

60-PeriOdundulalor

Bcndingmagnc[(B2&B3)

Bcndingmagncl(B4)

Mullipolewiggler/undulalor

BendingmagneI(B6)

BendingmagneI(B7)

１
２
３
４
５
６
７

－
一
一
一
口
ロ
ー

Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ
Ｌ

Ｂ
Ｂ
Ｂ
Ｂ
Ｂ
Ｂ
Ｂ

lnOpCrallon

Inoperall()n

Inoperat1()n

Inoperat1()11

undCrinstallali()11

lnOpcral1on

1nopCrallon

X-ray

VUI'andX-ray

VU,'iindX-raV
ゴ

VlII|'andX-ray

Bendingmagnei(B8)

Bcndingmagnci(B9)

BL-8

BL-9

1nopcrall()11

lnoperallon

X-mV

VUV｡IndsonX-rav

VUV

Soi､lillldhtlrdX-ray

H.lrdX-ray

Bcndingmagnel(BI())

Bcndingmagncl(BII)

Bendingmagnet(BI2)

27-polewiggler/undulalor

SuperconducIing

vcrlicalwigglcr

Bcndingmagnci(BIS)

R3-polewigglcr/undulalor

Bcndingmagnel(BI6&BI7)

BendingmagncI(BI8)

Multi-undulalor

BendingmagneI(B2())

Bcndingmagnel(B21)

Bcndingmagnel(B27)

2R-polewigglcr/undulalor

BL-10

BL-ll

BL-12

BL-13

BL-14

lnoperallon

lnoperallon

1noperall()n

inOperali()I1

inopcl･alioI1

X-raV

Sot.14'lldhardX-my

VL1、|'andX-raV

V(1､#andX-ray

VUV

VLll|'andX-raV
ご

Beil'11diagnosi6

SofIX-1･avandX-rav

Circlll61rlypolarizcd

VUV@lndsOfiX-ra)'

KEK-PF

KEK-PF

FujiIsuL[d.

ISSPandKEK-PF

ISSPandKEK-PF

KEK-PF

KEK-PF

KEK-PF

KEK-PF

BL-15

BL-16

BL-17

BL-18

BL-19

BL-20

BL-21

BL-27

BL-28

Inoperallon

Inoperallon

InoperaIIon

lnOpCrall()n

Inopera(10n

InOpCrallOn

InOpCrallO11

Inoperallon

inOpcraII()n

dccrc"cdduel(}[hcreplaccmcniofseveralAPS

CaviliCsI()aproI()lypcoi､lhcsupcl･conduClingc&Ivil)'

|､orlhcKEKB.ThCmajorhardwtirCprohlemswhicl]
aflbclcdlhCSRrC,CarChwerclwovacuumleakstlllhc

bcllowsilndtl2r,)undfaullal!hChusbarwhichi、
ー

COnnCClCdI()apO,､Crsupply.
Thcmachinc§ludvforlhcKEKBwascarricd()lll

ヴ

alanCnCrgyol､2.3GCV.Inlhcl､illingofl6hunChcHil
hciimclll･1･Cnlm('relhan500mAwaSSuccc§§|､ullI’

ぜ

§I()rCduHingproI(11ypcsoI､Supcr-conductingandr(x)111-

lcmpcrillllrcRFciIvilicsforlhcKEKB.Aproloiypc()I
hunch-hv-bunchfeedhacksvstcmworkcdwclll()

ヴ ヴ

§upprcsNlhecouplcd-hunchin81ahilily.Adala-I()gging

SyNlcm，､asdevel,)pcdhasedonEPICS.whichiNlhc

conirol、y%lcm()l.lhCKEKB.ThcloggingsysIcm

c()llcClHhuchdala,,31hcheamcurrcnl,vaCullmprc§§u1℃．

cavilyHIillusandlcmpcralurcol､lhchellowS､ceramic

C･TRISTANAR

Intheperiodi､romSeplember,1995,IoDcccmbcr,

1996,theTRISTANAcCumulationRing(AR)was

usedforsuchpurposcsas:1)synchrotronradialion

(SR)research,2)amachinestudyforlheKEKB

l､actory(KEKB)and3)injecliontotheTRIST}ﾍNMain

Ring(MR),whichwasoperatedasalighISource.'!The

operationsummaryandoperalionslalislicsol､IhcAR

aregiveninTIlblel4andl5,rcspeclively.

OperationlbrSRresearchwascarricd()ulwithout

anyseriousproblems.Thcmachincandbcam

parametersofthcARaregiveninTablcl6.Aheam

currentof40mAwasS【oredinasinglChunCh,asusual.

Thebeamenergywassclal6､5GeV,exccplforthe

periodduringApril(oJune,1996,whcnilwaslowered

Io6GeVbccausethcmaximumRFv()llagcwas
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chambcrsandgatevalves・Thesystem,especiallythe

lcmperaturemonitor,willbeusefulfbrfutureoperation
oflheAR.

Reierence

l)ThisaCtivityreport

Tablel4

0階馴鰡W8剛WWAR

Operationpcriod

1995.9.14-12.27

1996.3.28-6.17

7.1-7.22

10.17-12.2

SRresearchandimectionfbrtheTRISTANMR
SRresearchandmachinesiudvibrtheKEKB

DedicatedmachinestudvfbrtheKEKB

DedicatedmachinestudyfortheKEKB

Tablel50perationstatisticsofTRISTANAR

(FromSep.1995toDec.1996).

SRresearchandMRinjection

MachincstudyandbeamtuningfbrlheAR

SuspendcdoperationdueIoMRstudy
Failure

OIhers

ToIal

Timc(hI・）

2934

1699

459

186

171

旬“9
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Tablel6MachineparametersofTRISTANAR

Energy
NaluralcmittanCe

Circumference

RFfrcqucncy

Bendingradius

Energylossperlum

Dampinglime
horizoI1Ial

verlical

longiludinal

Naluralhunchlenglh

MomenlumcompaclioniacIor
Naluralchromalicil､：

horizontal

vertical

Storcdcurrent

Thenumberofbunches

Beamliletimc

6.SGcV

293nmrad

377m

508.6MHz

23.2m

6.66McV

2.;ms

2.5ms

1.2ms

18.6mm

0.0129

-14.3

-13.1

40mA

240min
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ARESEARCHCENTERFOR

SPECTROCHEMISTRYiUNIVERSITY
OFTOKYO

N702'

bridge-N､

on-lop-Nf

22ev22ev
1．PRESENTSTATUSOFBL-7AAND7B （

函
一
一
巨
言
・
皇
』
㈲
）
詫
薑
碗
巨
③
一
臣
『

ForBL-7A,equippedwithaplane-grating
monochromator,aPt-coatedtoroidalmirrormadcof

Glidcop(aluminadispersedCu)wasinstalledinl994.

Theperformanceofthemirrorwasstudiedduringthe

firstmachinetime.ItwasfOundthatasinglepeakwas

splittoadoublepeakduetoincompleteshapeifthe

wholeareaofthemirrorwasirradiated.Thisobliged

ustoreducetheaperture,whichcausedanintensity
reductionifweneedsufficientresolution.Nevertheless,

someinterestingresultswereobtainedformonolayer

coveragedsurfaces.NEXAFSstudiesoforganic

polymerswerealsocalTiedout.''2)

NoimprovementhasbeenmadeonBL-7B(Seya-

Namiokamonochromator)afterreplacingthefirst

mirrorbyaSimirror.Anumberofstudieshavebeen

carriedoutatthisbeamline,andespecially,Prof.Suga's

grouphasactivelyworkedonphotoemissionstudics、

photoelectrondiffractionandholographysludies.

20.5eV

19.5eV

ー“

l…l…

18eV18eV

0 1m2叩

FlightTime(nsec)
3”

Fig.2TOFspectraexcitedatdifferentphotonenergies

assignedtothe2兀(4.4cV),l7t+5o(9.0eV)､4o(13.8

eV)and3O(19.0eV)molecularorbitals.Figure2

showstheTOFspeclraatdifferentphotoncnergies
around20eV,whichroughlycorrcspondstolhc3O

orbital(mainlyO2s)excitation.Thedominant

desorbedionspeciesexcitedinthisphotonencrgy
rangchavebeenidenlifiedasH+､twokindsofN,and

NOz*.Fromthephotonenergydependence,thc
thresholdenergyofthcbridge-N→wascstimatedIobc

19eV,whichwasncarlythesameasthaloftheon-lop

N十．althoughthelalterwaslessprominenl.This

suggeststhatthedesorptionprocesstakcsplacethrough
anAugcrexcitationmcchanism,suchasIheKnolck-

Feibclmannmodel､sinceN→isdesorbedafterexcilation

oflhc2scoreoftheOatOm.Sincelhccxcitationol､thc

3OorbitalcausesIhcdesorptionol､N≠fromboththc

bridgeandon-topsileNO、itseemsrcasonablelo

supposethatthemolecularlyadsorbedNOonlhe

Si(lll)surfacesitswithNupandOdownonlhc
suri､ace、andthatlhcNmondesorbsfromthis

molecularlyadsorbcdNO.

2．RESEARCHACTIVITIESUSINGBL-7A

AND7B

2.1PhotonstimulateddesorptionoftheNO/Si(111)
SurfaCe3)

FigurelshowstheUPSspectraofaSi(lll)7×7

cleansurfaceandaNO-adsorbedsurfacea(90K、

measuredataphotonenergyof35eV.Therearethrce

prominentpeaksandoneshoulderinthespectrumof

theNOadsorbedSi(111)surfacc.Thesestructuresare

l兀十5《7

’（
翰
窪
【
』
弓
。
ｅ
』
異
）
湯
》
湧
こ
の
》
巨
胃

40

1
3(ァ

’
2兀十Si

l
2.2PhotoelectronholographyoftheSi(001)
surface4)NO/Si(lll)n!9()K

Thetwo-dimcnsionalphotoclcctronangular
distribulionoftheSi(()01)surfacehasbeenmeasuredat

BL-7Aatseveralphotonenergiesbyusingatwo-

dimcnsionaldisplay-lypeanalyzcrdevelopedby

Daimonetal.ASi(001)cleansurfacewaspreparedby

Si(lll)7x7Cl“nsurfaCc
p

2 0l0

BindingEnergy(eV)
0

Fig.1UPSspectraofaSi(111)7×7cleansuifaceand
NO/Si(111)suifaceat90K.
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2.3Adsorptionofacetyleneandethyleneonthe

Si(001)2×ISurfaceStudiedbyNEXAFSand

UPS7'

ThesIruclurcsofunsaluralcdhydrocarbons,$uch

asacclylcncandelhylcnconSi(001)havcbccnsludicd

wilhHREELS,andlhcorclicalcalculalionsbymany

groupsandanumbcrofmodelshavcheenproposed.

Polarizalion-depcndcnINEXAFSisknownlopr()vidc
usefulinformalionabouladsorbcdsIruclurcs.Inthc

presentstudy､thcadsorbcdSIruclurcsol.acclylcncand

cthylcnconaSi(001)2×IsurfacewercinvesIigatedby
CK-NEXAFSandUPSaIBL-7Aand7B.

Figure4showsIheCK-NEXAFSspectraof

acetyleneandelhylcneonSi(001)alnormaland

grazing-incidcntanglcs,comparcdwiththoseofthe

correspondinggascousmolccules.A:foracelylcne，

lhe兀＊rcsonanceshowsaclcarpolarization

dependencc:the兀*orbilalparallcllolhcsurl､acc

rcmains,whilclhalnormall()Ihc$urfacedimini$hes.

Thc兀*peakdisappcarsinlhcspcclrumo｢cIhylcncon

Si(0()1).Thescrcsullsindicalclhallhc兀*orhilill

normallothcsurfacChasi､ormcdilchcmicalhondwilh

thCSidanglinghonds.Ontheolhcrhand,lheO*(C-C)

pcaksoi､ilcclylencandelhylcnconSi(001)movc

(a） (b）

●●

●｛0111

{“11

● ●

[101111121

(｡）(c）

Fig.3Si2pphotoelectrondi什ractionpatternsfroma

Si(001)surface・Thephotoelectronkinetic

energiesare(a)350,(b)450,and(c)650eV.The

figure(d)showsthepositionoicrystallographic
axessuchasI1121and{011]inthesepatterns.

repealedheatingfor5suptol523KunderapreSSurc

oflOKPa・ThcsurfacequalitywasConfirmedbylhc

obscrvationol､aClcar2×ILEEDpallcrn.Figurc3

showstheSi2pphotoclcclrondiffractionpallernsal

kineticenergicsof350cV,450eVand650cV.Thc

lll21andlOllldireclionsaremarkedinFig.3(d).

ThebrighterregionscorrespondIoastronger

phoIoemissioninlensity.TheccnlerofIhcpiclureis

【hesurfacenormaldirectionlOOll.Theedgcofthe

piclurccorrcspondstoapolarangle(8)o｢47o.Thc

pallernswerenormalizedbylhclransmillancc

efficiencypallern.andaveragedulilizinglhci､ourfold

andhorizontalandvcrlicalmirrorsymmclry.

Inorderloinlerprellhcpallcrns,(hree-

dimcnsionalimagcswcrccalculalcdwilhsevcral

algorithms:(1)abasicmethodwilhaFourier

transformati()natonekincticenergyoverkspace,

consideringthcphascfactorduelolhepalh-lenglh.(2)

anenergysummationoftheabovcresulls,(3)aFourier

【ransformationwithinsmallk-spacewindows,and(4)

Ihcircombinations.Atomicimagesproducedbylhese

methodswerecomparedwiththCcrySIalsymmetry.

Theresul[sshowthatIheenergy-summedsmall-

windowmethod,calledSWEERgiveslhebeslimages.

PhoIoelectrondiffractioncxperimenISwerealso

carricdoutforkishgraphilc,'andTaS]｡'Iorcvcallhc

bandstructurearoundlheFcrmiedge.
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CK-NEXAFSspectraofacetyleneandethylene

adsorbedonaSi(001)surface.GaseousEELS

spectraofacetylene,ethyleneandethaneby

A.P.Hitchcockarealsoshownforthecomparison

Fig.4
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significantlytothelowerenergysideandcoincidewith

thoseofgaseousethyleneandethane,respectively.The

relativeenergyoftheO*resonancefromtheionization

thresholdisrelatedtotheC-Cbondlength.Inthe

presentcase,thebonddistances,R(C-C),macetylene

andethyleneonSi(001)areestimatedtobel.35Aand
1.52A,respectively@
IntheUPSspectra,thepeakassociatedwiththe

danglingbond,almostdisappearsuponmolecular

adsorption.TheseresultsgivefirmevidenceoftheSi-
dimermaintaineddi-OstructuremodelfOrbothcases

2．SCIENTIFICACTIVITIES

BL-18Awasopenedtousersinl991,andsince

thenmanyactiveusershaveinvestigatedtheelectronic

structuresofvariousmaterialsinthisbeamline・Recent

studiesperformedinthisbeamlineareARPES

experimentsofmetalandsemiconductorsurfaces,

magneticsemiconductorsurfacesandmetaloverlayers

onSi-singlecrystalsurfaces.'.6)Figure5showstheSi

2pcorelevelphotoelectronspectraoflnadsorbed

Si(001)surfacemeasuredwithl32eV.!'Precise

infOnnationonthechemicalbondingbetweenInandSi

dimersanditsdependenceontheSi(001)surface

structurehasbeenobtainedbycurve-fittinganalysCs.
BeamlinesBL-19AandBL-19Bwereconstructed

tobededicatedtosolidstatespectroscopieswhichneed

highintensityoflightfromtheundulatomlnBL-19A,

spin-resolvedphotoemissionexperimentsonmagnetic

materialshavebeencarriedout.7-9'Figure6shows

spin-resoIvedvalence-bandsatellitesofferromagnetic

Ni(110).9)Fromthespinpolarizationofthesatellites

andtheirphotonenel･gydependence,itwasshownthat

thevalencebandsatellitecouldbeinterpretedbythe

multipletconfigLll･ationof3d8and3d7finalstates

References

l)H.Ishiietal,JElectronSpectrosc.76(1995)553

2)S.Nariokaetal,PhysRev.B52(1995)2362.

3)K.Sakamotoeta1.,J.ElectronSpectrosc.80

（1996)125

4)TINakatanietal.,J.SynchrotronRad.3(1996)
239．

5)H.Nishimotoeta1.,J.ElectronSpectrosc､78

（1996)465.

6)H.Nishimotoetal,SolidStateComm98(1996)

671

7)EMatsuietal.,Sul･f・Sci.submitted.

B・SYNCHROTRONRADIATION

LABORATORYjINSTITUTEFOR

SOLIDSTATEPHYSICS,UNIVERSITY
OFTOKYO

Si(001)2x3-In (b)(a)

9｡＝0入／|川’8｡＝0：

Bl｜ノーｰ|ﾉB
一
の
潭
匡
．
・
ｐ
』
画
）
湯
一
一
の
匡
①
↑
匡
一
匡
○
砦
○
の
一
①
○
一
○
ニ
ユ

蕊一
D
■■

'1
:！

莉零1｡INTRODUCTION

|似I
70，70．

TheSynchrotronRadiationLaboratoryofthe

InstituteforSolidStatePhysics,UniversityofTbkyo,
hasconstructedtheRevoIverundulatorandthree

beamlines(BL-18A,BL-19AandBL-19B)inthe

PhotonFactory,andhasopenedthemtogeneralusers
incollaborationwiththestaffmembersofthePhoton

Factory.Thesebeamlineshavebeenconstructed

aimingtobededicatedtoadvancedsolidstate

spectroscopies,suchasangle-resolvedphotoelectron

spectroscopy(ARPES)ofsurfacesandinterfaces(BL-

18A),spin-resolvedphotoelectronspectroscopyof

magneticmaterials(BL-19A)andsoftX-ray

fluorescencespectroscopy(BL-19B).Inthefiscalyear

ofl996,28publicationsappearedinrefereedjournals.

Inthefollowingwedescribeafewrecentscientific

activitiesandnewdevelopmentsinthesebeamlines

Ⅷ鱗
Si(001)2x2-In (c)

8e＝0．
訓’

典－－ーu11脚…

塁 :ごー‐1罐－－1－劃鋤“、

1.00－1．01．00－1．0

RelativeBindingEnergy(eV)

Fi95Si2pcorelevelphotoelectronspectraofln
adsorbedSi(001)surfacesmeasuredwithl32eV
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Fig.7Lz3softX-rayemission(SXE)spectraofSi

measuredatvariousphotonenergieswhich
correspondtotheexcitationtothevirtualstates

belowtheL23coreexciton.

Fig.6Spin-resoIvedvalencebandsatellitesof

ferromagneticNi(110).

reflectingthestrongclcclroncorrclalionintheNi
valencestales.

AIBL-19Bexperimenlalapparalusesforsoftx-

raynuorescencespeclroscopymeasurementswere

openedtousers,andmanyexperimentshavebeen

performed.1o12'Figurc7showstheL2",softx-ray

emission(SXE)spectraofSimeasuredatvarious

photonenergics,whichcorrespondtotheexcitationto

lhevirtualstaleshelowlheL2.,corecxcilon.!2}The

abscissaistheSXEpholoncnergyandlheordinateis

theSXEintensilydividedbythecubcofthephoton

cnergy.ByenergyanalysesoftheRamanshifts,itwas

confirmedthatthcRamanscalleringrcsonatesatthe

L2.3coreexciton,whichismadearoundIheX1

conductionminimumandthattheelemenlaryexcitation

oftheRamanscatteringisthevalenceexciton,whiChiS

atransitionfromX,orX4poinIsIoX!conduction
mlnllnum．

atBL-19Acouldnolcasilybcdismountedfromthc

beamlincandtransfcrredtotheotherbeamlineIo

utilizcthecircularlypolarizedlighl.Afterthreeyears

ofrcscarchanddevelopment,acompaCt40-keVMoIt

deleclorwascomplclcdandachievedafigureofmeril

ofl.9×10､$,whichisoncofthchighestlevelsofsmall
Molldclcctorsevcrconslrucled.!3)ThenewMoII

delector(showninFig.8)isnowcombinedwithan

angle-resoIvedphotoclcclronspectrometer.and

dedicalcdIospin-andanglc-rcsoIvedphotoemission

spectroscopyusingaHedischargelamp.Thenew

apparatuswillbemovedIoBL-19AandopenedIo

usersin(hcveryncarfulurc.
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3．NEWDEVELOPMENTS

SoonafterBL-19Awasopenedlouscrsinl992,a

designStudyandIheconstructionofacompac(-size

Mottdetectorstarled,sincclhelOOkeVMotldetector

C-4

DUUUOUUUU’5･I。‘

Ni(110)
Ⅱ■■■■

hv=63eV

△

謎
△
△

△

斗
恢
△
一
▽
・

一
一

minaityspin

(a)

3P3Fv
や

一

ー

｜峨俄がw州崎：
●●
●

ゆ

p■

(b)
I ‘．．．I．．．．

●’
０
人
Ｔ
Ｉ
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CoTHETSUKUBAADVANCED

RESEARCHALLIANCE(TARA)
SAKABERESEARCHPROJECT

1．INTRODUCTION

TheTsukubaAdvancedResearchAlliance

(TARA)SakabeResearchPrqjectisacooperative

effortinvolvingindustry,govemmentanduniversities

topursueanunderstandingofthemaintenanceoflife

andtheperpetuationofspeciesfromafunctional

viewpoint.Advancedtechnologiesarebeingdeveloped

tostudythethree-dimensionalstructuresofbiologically

importantmoleculesandtobetterunderstandthe

processesinwhichtheyareinvolved.Thebudget

C-5

consistsofdonationsfromcompaniesandsubsidies

fromgovernmentorganizations,suchasMonbusho.

Themembersofthisprqjectinclude88scientists

from20companies(13ofthesecompanieshave

donatedfunding)Outsideofindustry,44scientists
havecomefromuniversitiesand8fromvarious

researchinstitutes.

2．TARASTATIONANDFACILITmS

TheexperimentalstationofTARAwas

constructedatBL-6B.AWeissenberg-typecamera

usingtwo800×400mmlarge-formatimagingplates

(IP)asanX-raydetectorwasinstalled,andexperiments

werestartedinMay,1996.TheradiusofthelPcassette
canbeselectedbetween575.7mmand967.9mm.

Wehavebuiltahousefbrthisprqectverycloseto

thePFexperimenthall.Inthishousethereisacomputer

room(7.2m×73m)andtwelvesmallrooms(1.8mx

2.7m),ofwhichthreeareusedfOrrestingwhileothers

arelaboratoriesoroffices.TherearealsofOurmedium-

sizeroomsusedasageneraloffice,largerlaboratory,

meetingroomandlibrary.Workstations,includingan

alphastation5/266,twoindigo2highlmpacts(R4400

andR10000),anS-4/5andanalphaserver4000are

installedatthecomputerroom.Therearealsomany

personalcomputers,suchasMacs,DellsandNECPCs,

installedaroundthehouse.Thesecomputersare

connectedtotheproteindata-collectionsystemsatBL-

6A,BL-6BandBL-18BbylOObaseEthemetthrough

opticalfibers.Manysoftwarepackages,suchasWEIS,

DENZO,QUANTA/CHARMm,Xsight,CCP4,

PROTEIN,XTALVIEW,PHASES,XPLOR,O,

MOLSCRIPTandORTEP3,areprovided.

Thesefacilitiesareavailabletoallproteinco-
usersofthePFaswellasmembersofTARASakabe

researchp呵ect.

3.PUBLICATIONS

AbulletinoftheTARASakabeProject,called

IIStructureBiology'',hasbeenpublishedAlthoughthis

prqjectstartedonlylastyear,alreadyelevenpapers

havebeenpublished.RyotaKurokiofKirinBrewery

Co.,Ltd.andhiscoworkersshowedthatthesubstitution

Thr26toHisintheactivesiteofT41ysozymecauses

theproducttochangefromtheU-totheP-anomer.!)

NorlyukiHabukaandTsuyoshiAdachiofJapan
ThbaccoInc.andtheircoworkershavedetenninedthe



sIruclureofNS3proteinasefromtheHCVBKstrainby

X-raycrystalanalysisat2.4Aresolulion.2'Hirofumi
Shounandhiscoworkerhaveisolatcdlwoisoformsof

P450nor,lcrmcdP450norAandP450norB,andsludicd

lhcirnalurc.')NoriyoshiSakabeol.Universilyol、
TsukubaandhiscoworkershavestudiedthecrySml

sIructureofY-Glutamil-lranspeptidascfromE.coliK-

12.｣'AkioTakenakaofTbkyolnstitulcofTとchnology

andhiscoworkershavereporledonlhecryslalliyalion

andX-rayanalysisof3-isopropylmalalc

dehydrogenase.;)H.MichelandS.IwataofMax-

Plank-InstilulefurBiophysikandtheircoworkershave

reportedtwopapcrs.67)YukioMitsuiandTakamasa

NonakaofNagaokaUniversityofTechnologyandthcir

coworkershavcreportedthreepaperS・凶ﾘlo'Yuriko

Yamagataoi､OsakaUniversityandhercoworkershavc

§oIvcdaDNArepairenzyme.'!}
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D.NATIONALINSTITUTEOFMATERIALS

ANDCHEMICALRESEARCH(NIMC),
AGENCYOFINDUSTRIALSCIENCE

ANDTECHNOLOGYMINISTRYOF
INTERNATIONALTRADEAND

INDUSTRY

1．INTRODUCTION

Inl986,NIMCslarledIhcdesignand

dcvelopmentofanundulalor-bascdsofIX-rayhcam
lincincollaborationwiIhPFandsomc()Iher

inslilulions,aimedatthcapplicationoi､highilux/high

rcsolutionsofIX-raysIomatcrialsscicnce,particularly

Iosurl､accchemistry.Aflerlheinslallillionofa27-polc

undulatoratthCPFring,thCsoft-x-rayhCamlinc(BL-

13C)wasdesigned,'!followinglhcSphcricalGraling

Monochromalor(SGM)concept.ThcconsIruclionof

lhcheamlincwascomplclcdinl991andlheiirsII℃porl

()nthcpcrformancewa%publishCdinl995.2'Sincc

Ihen,BL-13Chasbeenopcncdforandu9cdhyscvcral

uscrgrouPs. Duringlhispcriod,NIMC，hy

collaboralionwilhPF，hasbccninchargcol､Ihc

mainlenanceandimprovemcnIoIBL-l3C

2．IMPROVEMENTOFTHEBEAMLINE

AIIheendofFY1995,areplaccmen(()l.lhc

monochromalorgratingwasperformcd，sinccthcold

mcchanicallyruledgralingwithtlgroovcden$ilyof

75()gr/mmhadproblemswiIhre%pccllolhcpurilyof

monochromatedX-rays.Newgralingsrulcdby

ShimadzuCo.LId.wercmadcofSiCcoalcdhygold

wilhgroovedcnsiliesol､7509r/mmilnd35()gr/mm.

BoIhofthcgratingswercholographicilllyrulcdwilh

laminarshapessothatlhehigherharmonicdiffraclion

lighlwasminimized.Thcreplacemcnlrcsultcdinlhe

followingadvanlages:

a)Theencrgyrangccovcrcdbylhchcamlinchas

beenexpanded.Thcnewgralingwithagroove

densilyof350gr/mmcovcrsIhelowercncrgy

regiondownto70cV.Asarcsull,1.orcxample,

theAIL-edgeabsomlionspeclracanbcmcil9urcd
atthcbeamline.

b)BecauseofthercflecIionfealureoflaminar

gratings,photonnuxesatahighcrcncrgyrcgion

(>500eV)havebeenenhanccd・Forexamplc,thc

fluxattheCuL-edgchasbccomealmosIonc

magniludemoreinlensethanhcl.orc.



c)Theinterferencelightfromgratingshasbeen

significantlysuppressed.Inaddition,thencw

gratingshavesmalleramountsofadventitious

carbon.Thus,theaccuracyofl｡correctioninthe

absorptionspectrahasbeengreatlyimproved.

InthefOllowingfiscalyear,theverticalfbcusing

mirror(M2)aswellasthecontrollingsystemwere

replaced.Intheoldsystem,anatmirrormadeofSiO2

wasmechanicallybentsothatthecylindricalradius

couldbel25m.Thenewsystemhasemployeda

cylindricallyshapedSiC(R=125m)mirrorwithwater

cooling.Thisreplacementhasgreatlyimprovedthe

stabilityofthex-raysfromthebeamline、andhas

facilitatedhighenergy-resolutionSpectra・Atthesame

time,thegoniometricsystemoftheentranceslitwas

replacedsothatthefbcusingonSlbymirrorM2could
befacilitated.
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Fig.9NK-edgehigh-resolutionabsorptionspectraof(a)
molecularnitrogenand(b)oxidizedTiAINfilm.

3．SCIENTIFICACTIVITIES thesurfaceoxidationmechanismsofhigh-hardness

coatingmetalnitridethinfilms.NK-edgeabsorption

analyseswereperformedonvirginandhigh-
temperatureoxidizedTYN,CrNandTiAINfilms.4'The

analysesshoweddifferenccsintheoxidation

mechanismsofthesefilmS,whichareevidentlylinked

totheoxidationresistanceofthefilms.Anexampleof

thehigh-resolutionNK-edgespectraofpartially

oxidizednitridefilmsisshowninFig.9.Acomparison

ofthespectrumofanoxidizedfilm(Fig.9(b))with

thatofgaseousnitrogenmolecules(Fig.9(a))clearly

showedthepresenceofmolecularnitrogeninthe
inlersticesoftheoxidematrices,whichwereformed

duringthecourseoftheoxidation.Thisobservation

concludedadiscussionontheintermediatespccies

duringtheoxidationofthenitridefilmsastowhether

oxynitride,atomicnitrogenormolecularnitrogenwas

formed.Inaddition,adetailedanalysisofthetwo

spectraclarifiedthedifferencesinthelifetimewidth

andvibrationalseparation.Thesedifferenceswere

discussedinrelationtotheelectronicinteraction

betweentheinterstitialmoleculesandthematrices''

(PF-PAC,94G185,96G144).

TheUniversityofTokyoconductedanX-ray
photoelectrondiffractionstudyontheCaOthinfilm

formedonaCaFzsingle-crystalsubstrate.Taking

advantageofhigh-nuxandhigh-resolutionX-rays,the

signalsfromsurfaceCaOwereextractedbycurve-

fIttinganalysesoftheCa2pphotoclectronspectra.The

resultsweresuccessfullyanalyzedassociatedwith

theoreticallycalculatedresults(PF-PAC､94G368).

Severalstudiesusingahigh-flux/high-resolution

undulatorX-rayswereperformedinordertoelucidate
thesurfaceandelectronicstructuresofadvanced

materialsduringthelatterhalfofFY95andFY96.

NIMCinvestigatedsolidsurfaceproperties,

particularlyduetotheinterestinthecatalytic

properties.Extemalsurfacesofseveralkindsofzeolite

particleswereanalyzedusingphoIoelectron

spectroscopy.Thefbcusoftheanalysiswasondepth-

profilingbychangingtheanalySiSdepthusingenergy-

tunableSRX-rays.Thestudy3)elucidatedthereaノ

surfacecompositionofzcoliteparticles,whichcould

neverbeanalyzedbyconventionalX-raysources.A

partofthestudywasperformedincooperationwith

PetroleumEnergyCenter(PEC).whichisaresearch

organizationfundedbymajorJapanesepetroleum

refiningcompanies.(PF-PAC,94G184,95G231)

AnotherprqjectconductedbyNIMCwasanalysis

ofthesurfaceelectronicpropertiesofLa,.MSrxCoO3

perovskites,whichwereknowntohavepeculiar

catalyticactivitiesasoxidationcatalysts.Through

detailedanalysesoftheOK-edgeandCoL-edge

absorptionspectra,togetherwiththeOIsandCo2p

photoelectronspectra,theelectronicstructuresofthe

surfaceoxygenspecies,whichplayimportantrolesin

catalysis,weresuccessfullyelucidated(PF-PAC,

95G232).

TheScienceUniversityofTbkyoincollaboration

withNIMCappliedSRsoftX-raystotheelucidationof
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facilitybyAustralianresearchgroups.Currentlyabout

15experimentalteamsperyearmakeuseofPhoton

FactorybeamlinesotherthantheANBF(Fig.10).

ChibaUniversityperfOrmedaphoton-stimulated

desorption(PSD)studyonpolystyrenefilmsbyinnel､

shellexcitation,whichenabledsite-specificchemical

bondcleavagesTheanalyseswereperformedon

selectivelydeuteratedpolystyreneusingatime-of-

flightmassspectrometerundersingle-bunchoperation

modesofPF.Byacomparisonofthepartialionyield

spectraofH+andD+,thechemicalsitesresponsiblefOr

thedesoll)tionofeachdeuteriumcouldbedetermined6)
(PF-PAC,95G386).
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Fig.10NumberofAustralianexperimentsconductedat
thePhotonFactorybyfinancialyear.

2.BEAMLIN]EDESCRIPTION

TheANBFislocatedatbeamline20Batthe

PhotonFactoryThebeamlineisequippedwithtwo

monochromatorswhichcanbeinterchangedas

required.Themajorityofexperimentsuseawater

cooledchannelcutSi(111)monochromatorThe

secondcrystalhasa&@weaklink''hingeactuatedbya

solenoid,allowingthemonochromatortobedetunedto

rejecthigherorderharmonics. Asecond

monochromator,featunngafixedexitbeamheightand

sagittalfOcusing,wasinstalledinOctoberl994.The

secondcrystalissagittallybentbyasimplefOurpoint

bendertofOcusthemonochromaticX-raybeaminthe

horizontalplanewithabout3:ldemagnification,anda

gainofabout20.Thismonochromatorisprimarily

usedfol･grazingincidencesurfacediffraction
Ineasurements.

E｡THEAUSTRALIANNATIONAL

BEAMLINEFACILITY

1.INTRODUCTION

3.END-SI注TIONINSTRUMENTATION

TheAustralianNationalBeamlineFacility

(ANBF)isamulti-purposehardX-raybeamline

installedatbendingmagnetportBL-20B.Ithasbeen

operationalsincel993asanAustraliannationaluser

facility.ThefundingandoperationoftheANBFis

nowapartofthenewlyfOrmedAustralianSynchrotron

ResearchProgram(ASRP).TheANBFcurrently

supportsabout35experimentsperyear・Inaddition,

theANBFcollaborationwiththePhotonFactoryhas

ledtoanincreasedusageofothel･beamlinesatthe

Twoexperimentalstationsareavailableatthe

ANBF.Themainstationisamulti-configul･ation

vacuumlmagingPlate(IP)camera/diffractometer,

whichwasprimarilydesignedforhigh-resolution

powderdiffractionltisusuallyoperatedasaDebye-

Scherrel･camerausinglPsasdetectors,sothata

completepowderpattern(160oof2-theta)isacquired

simultaneously・Inaddition,thediffractometercanbe

operatedinatimeresolvedmodewherebyasetoflarge

C-8



usedforEXAFSandXANES,butalsousedfor

tomography,phaseimagingandopticsdevelopment.A

completerangeofEXAFSdetectionequipmentis

available,includingarecentlyacquiredlOelement

germaniumsolidstateadvancedarraydetector.

CurrentlyXAFSandpowderdiffractionmakeupabout

twothirdsoftheexperimentsperformedattheANBF

(Fig.12).
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Fig.12Beamtimeallocationbyexperimentaltechniquein
1995andl996.

4． AUSTRALIANSOFTX-RAY

SYNCHROTRONRADIATION

RESEARCH

AustraliaalsohasanumberofactivesoftX-ray

researchgroupswhomakeregularuseofsynchrotron

radiation.Thisisadiversegroup,rangingfromangle

resolvedphotoemissionbandmappingstudies,tovery

appliedusesofXPSandNEXAFS,andmakinguseof

manysynchrotronfacilities.TheASRPintendsto

sponsorincreaseduseofthePhotonFactorybythese

groups.

Fig.11CapillarysamplechangerinuseattheANBF.

Goniometerheadsmountedonthechangerplate

aresequentiallybroughtintotheexposureposition
byrotatingtheplate.

screensaremountedinsidethediffractometer,allowing

aseriesofpatternstoberecordedsequentiallyona

singlesetoflPs.Thisfeatureoftheinstrumentis

furtherexploitedwiththerecentintroductionofa

capillalysamplechanger(Fig.11).Inthisway,thefUll

diffractionpatternsofupto8samplescanbecollected

onasinglesetoflPsandwithoutbl･eakingthevacuum

inthediffractometer.TheuniquecombinationoflP

detectionandvacuumoperationofthediffractometer

makesitsuitableforanumberofothertechniques.It

canbeconfiguredforgrazingincidencediffraction

(solidsamplesonly),renectivity,triple-axisdiffraction

andsmallanglescattering(Bonse-Hartcamera)

Grazingincidencediffractionhasprovenparticularly

successfulattheANBF,andproposalsforthis

techniquehavebeensteadilyincreasinginrecentyears.

Thesecondstationisanopticaltableprimarily

EINDUSTRYBEAMLINES

F-1NTT

1.Introduction

BL-1AisanNTr(NipponTblegraph&'Iblephone

Co.)beamlineforsemiconductorsurfaceandinterface

analysis,whichwasconstructedasawiderangeenelgy

beamlineinl983.Thebasicopticsofthisbeamline,

whichconsistsofagrating/crystalmonochromator

(GCM)andasetofoffaxisparaboloidalmiITors,has

beenhardlychangedsincebeamlineconstruction.Two
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measurementsystemsareinstalledtandematthe
beamlineend:theformeroneisasurfacestructure

analysissystemequippedwithanultrahighvacuum

(UHV)goniometerandamolecularbcamepitaxy

(MBE)growthchamberforX-rayabsorptionfine

structure(XAFS)andX-raystanding-wave(XSW)

experimentsusingsoftX-rays;thelatteroneisa

surfaceanalysissystemequippedwithanewelectron

analyzer(ScientaSES200)andanMBEgrowth

chamberfOrphotoemissionexperimentsusingVUV.

2．SurfacestructureanalysissystematBL-1A

ThismeasurementsyStemconsistsoffour

chambers:fastentry,transfer,MBEgrowthand

analysischambers.Forin-situXSWandXAFS

measurements,samplespreparedintheMBEchamber

canbetransferredthroughthetransferchambertothe

analysischamberwithoutbeingexposedtoair・The

analysischamberhasaUHVcompatiblegoniometer,

whichadjuststhesampletovariousBragg-diffraction

conditions.Aconventionalhorizontaltwo-axis(theta

andtwotheta)goniometerandtwoUHVcompatible

steppingmotorsareemployedfOroperatingasanonnal

fOur-circlediffractometer.Theomegaaxisfbrscanning

theincidentangleusesthethetaaxleoftheconventional

goniometerinserledintothechamberthrougha

differentiallypumpedrotaryfeedthrough.Thechiand

phiaxes,drivenbyUHVcompatiblemotors、are

mountedontheomegaaxleinthechamber.Duringthe

summershutdownofl996､theUHVgoniometerinthe

analysischamberwasremodeledasfollows:aheater

unitwasaddedtothegoniometerfbrthein-situanalysis

ofchemicalreactionsandtwomotorsfordrivingthe

chiandphiaxeswerecoveredwithmetaljacketsto

blockoutthemagneticfiledduetothemotors,which

disturbsphotoelectrondetectionintheanalysis
chamber.

3．ExperimentSatBL-1A

AtBL-IA,photoemission,XSW,XAFSand

othermeasurementsonmainlylll-Vcompound

semiconductorsurfaceswerecarriedoutusingVUV

andsoftX-raysmonochromatizedbytheGCM.The

chemical-bondingevolutionofSeatomsuponlnAs

epitaxialgrowthonaSe-passivatedGaAssurface,and

thesurfacechemical-bondingstructuresoflnAs(001)

withandwithouISe-passivationandepitaxiallygrown
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InAs(001)-(2×4)and(4×2)surfaceswereinvestigated

byphotoemissionspectroscopy.Furthermore,the

surfaceFermilevel(Ef)positionsontheabove-

mentionedlnAs(001)surfacesweredeterminedin

ordertoclarifythecorrelationoftheEfpositionwith

thesurface-bondingstructure.Theannealingprocess

ofaGaAs(001)cleansurfaceexposedtosulfurvapor

wasmonitoredbytheXSWtechniqueasafeasibility

studyoftheremodeledUHVgoniometer.NK-edge

EXAFSofthinWSiNdiffusionbarrierlayerswere

measuredbymeansofsecondaryelectronyield

detectiontostudythecorrelationbetweenthebarrier

capabilityandthelocalatomicordering.The

experimentsusingtime-of-flight(TOF)mass

spectroscopyandanX-raycrystaltruncationrod(CTR)

scatteringweredoneforthefirsttimeatBL-IA.

Photon-stimulateddesorptionHionsfromHF-treated

Si(001)andthermally-grownSiO2weredetectedby

TOFmassspectroscopyusingsoftX-raysofthesingle-

bunchoperationmodeintheregionoftheSiK-edge.

TheCTRscatteringspectraaroundthe(002)Bragg

renectionforS-terminatedGaAs(001)surfaceswere

measuredtoanalyzethedetailedsurfacestructure.

Further,astheresultsofCTRscatteringmeasurements

intheSK-edgeregion,diffractionanomalousfine-

structure(DAFS)signalsforSatomsadsorbedonthe

GaAs(001)surfacewereobservedintheCTRscattering

spectra.Theseexperimentalrcsultsarereportedas

uscrs'reportsinthisvolume.

F-2HITACHI

1．INTRODUCTION

Onthisbeamlineonecanutilizesynchrotron

radiation(SR)frombendingmagnelB8inthe40cV(o

35keVenergyrange.')Ithasthreebranchbeamlines:

BL-8A(VUVtosoftX-rays),BL-8B(softX-raysloX-

rays),andBL-8C(X-raysandwhitebeam).

Severalexperimentscanbeperformedateach

station:BL-8AallowssoftX-rayabsorption

spectroscopy,magneticcirculardichroism(MCD)

measurements,X-rayphotoclcctronspectroscopy

(XPS),micro-XPS,andsoftX-rayreflection

spectroscopy.BL-8BallowsXAFSandnuorescentX-

rayanalysis.BL-8Clallowslithography.BL-8C2

allowsscanningX-raymicroscopy,phase-contrastX-

rayimaging(CT),X-rayrenectometry,andnuorescent

X-rayinterferencemeasurements.InthefOllowing,we



describerecentprogressofsomeexperimentsdunng
FY1995-1996.
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2．RECENTPROGRESS

2.1hstallationofaSoftX-rayMonochromator

AtBL-8A,afterthesummerrunofl996,wehave

replacedthevaried-spaceplanegratingmonochromator

withanewplanegratingmonochromator(SX-700)and

testeditsperformanceduringtheautumnrun.We

calibratedthevalueofthemonochromatizedphoton

energy(E)anditswidth(AE)bymeasuringtheA1←ion

photoionizationspectrumataphotonenergyofAr2p

threshold(~245eV)nlevalueoftheenergyresolution

(E/AE)wasesdmatedto～2000,twiceasgoodasthatof

thepreviousmonochromator.

Fig.13

canbecomparedtothecalculatedvalueof=-24.7｡

2.3SoftX-rayMicrobeamApplication

AtBL-8A,softX-raymicrobeamfbrmationusing

aWolteFtypefOcusingmirrorhasbeenstudied.3)Inour

Wolteroptics,thepinhole,asasourceofthemirror,is

locatedatthefOcalpointoftherefbcusingmirrorofthe

monochromator.Thedistancebetweenthepinholeand

thefOcalpointoftheWoltermirrorisaboutl447mm,

anditsdemagnificationisl/29.8.Thesizeofthefinest

focusedbeamachievedwas0.5ILminthesagittal

directionatl50eVwhenthesou1℃esizewaslOILml.

Usingthismicrobeam,wehavedevelopeda

scanningphotoelectronmicroscope(SPEM)4)Ahigh-

precisionx-ysamplestageandahighefficiency

electronenergyanalyzerhavebeendevelopedfOrthe

SPEM.Figurel4isaschematicdrawingoftheSPEM

components,whicharethefOcusingmirror､thesample-

scanningstage,andtheenergyanalyzer.Thesample

stageconsistsofafine-movementx-ystagedrivenby

piezoelectricdevicesmountedonacoarse-movement

x-ystagedrivenbysteppingmotors.Thestepsizesand

strokesofthesestagesaredenotedinFi9．14.The

2.2Filll-PolarizationAnalysisatl46eV

AtBL-8Awehaveconstructedanapparatusto

measureboththefull-polarizationandmagnetic

circulardichroism(MCD).2)AsoftX-raypolarimeter

atl46eVconsistsoftwoV/Cmultilayermirrors,one

fOraphaseshifterandtheotherfbrananalyzeｴ《isthe
azimuthofthephaseshifterandllistheazimuthofthe

analyzer(seeuserisreportsinthisissue).Elliptically-

polarizedX-raysemittedfromthebendingmagnetwith

azimuthVwereintroducedintothepolarimeter.The

azimuth(T1)wasscannedfromOto360oatvarious

valuesof<.Weobtainedsetsof(<,110)fOr'P=0.0and

0.267mrad(correspondingtotheleft-handedellipse),

wherellogivestheminimumdetectoroutputatg.The

best-fitparametersofpolarizationweredeterminedby

fittingthefbllowingequationtothedata(<,110):

""‘=-""脚聯瑁憾職瑚
where｡istheellipticityangle,etheazimuthofthe

majoraxisoftheellipse,Atheretardationangle,Uthe

ratiooftheamplitudereflectancesofthephaseshifter

forthesandpcomponent,andVthedegreeof

polarization.WeassumedthevalueofVtobe1．0,

becauseSRisalmostperfectlypolarized.Figurel3

showstheobservedsetsof(<,110).Theparameters.

e,A,anddweredeterminedbyfittingtheabove

equationtothedata.AtW=0.267mrad,thebestfit-

parameterswereobtainedas=-21.5o,e=1.9｡,

A=158.5o,andq=29.3．Thefittedvalueof=-21.5｡

C

蝋33淵:､③
１錘

ｍ
ｐ
５
ｅ
ｌ

醜
。
．

Fig.14Schematicdrawingofthecomponentsarounda
sampleofSPEM.
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energyanalyzerbasedontheconceptofthedisplay-

typeう'energyanalyzerwasdesignedtocollecl

photoelectronseffectively.Thedesignedanalyzercan

colleclphotoelectronsemittedinasolidangleofO.7兀sr・

TheachievedlateralresolutionswereO.311min

thetotalphotoelectronimagingmode,4)andO.811min

thecorelevelphototelectronimagingmode(seeuser!s

reportsofBL-8inthisissue).
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Fig.15Measuredandcalculatedreflectivitiesof

NiFe(10nm)/Cu(10)/NiFe(10)/Ta(10)/glass
multilayersobtainedwithCu-Kq,Cu-K6,andCu-K
edgeX-rays.

2.4X-rayRenectometryusinganAbsorptiOnEdge

Giantmagneto-resistive(GMR)spinvalveheads

havebeeninvestigatedfOrhighrecordingdensityrigid
diskdrives.Thelayeredstructureoftheheadsconsists

oftwoferromagneticlayersseparatedbyanoblemetal
spacerofafewnmthickness.PreciseStructural

characterizationiSimPortantfbrthemultilayers,since
themagneto-resistancevarieswiththethicknessofthe

ferromagleticandnoblemetalspacer.

MostofthepreviousX-rayreflectometryhas
beenbasedontheCu-KUline.InNiFe/Cu/NiFe

multilayers,however､thedifferenceintherefractive

indexbetweenNiFeandCuissmall,andthc

characlerizationaccuracyisnotsufficientforprecisc
thicknesscontrol.

WeinvcStigatedtheX-rayrenectometryusingthe
Cu-K6andCuabsorptionedgebasedonananomalous

dispersioneffectasshowninFig.15.Thefinalaccuracy
wasfoundtoimprovcintheordcrCu-KU<Cu-K6<
Cu-Kabsorptionedgc,asshowninFig.16.
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Fig.16X2distributionversustheinterfacewidth(o)
betweentheupperNiFeandCuobtainedbya
least-squaresmethodforthereflectivities,as
showninFig.15.
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2.5Phase-ContrasIX-rayComputedTbmography

AtBL-8C2andBL-14Bwehavcdevelopeda

phase-contrastX-rayCT6)lhatissensilivetolighler
elements.ThisfeaturewillleadusIoobservesoft

tissuesofoursbodiessensitively.Atpresent,wehave

obtainedimagesofcancerousportionsofhumanlissues

incollaborationwiththeUniversilyofRukuba.

3．FUTUREDEVELOPMENTS

F-3NEC

Intheautumnrunofl997wewillcompletethe
optimizationofthebeamlineopticsforthcSX-700at

BL-8A,i.e.,adjusImentsofposI-mirrorsystemand

higher-harmonicssuppressor.Weexpectfurtherto

increasethemonochromatizedX-rayintensityand
spectralresolutionduetoareducedemiltanceofthePF

rlng.

1．INTRODUCTION

ThcNECbeamlineconsistsoflwobranch

beamlines、BL-9Band9C.AIBL-9B,photochcmical-
rcactionstudiesarcperformed.AndatBL-9C,

structuralanalysesarecarricdout.Thedetailsofthe
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activitiesaredescribedbelow.BL-9A，whichwasone

oftheNECbeamlines,wasreturnedIothePF,asa

publicbeamline.

2．PHOTOCHEMICALREACTIONSTUDY

AtBL-9B、thephotonenergydepcndenceofSR
irradiationeffecIonAl-thermal-CVDwasexamined.

Cleardifferencewasobservedbetweenthcvalence-

andcore-electronexcitations.Thecoreelectron

excitationwasfoundtobeeffectivetosuppressthe

CVDreaction,whilcthevalence-electronexcitation

waseffectiveininitiatingthereaction.Thcmechanism

ofthisdrasticenergydependencewasclearedbyan

AESchemicalshiftanalysisofthesurfacelayer,which

wasfbnnedbyaSRphotochemicalreaclion.

3．STRUCTURALANALYSIS

AtBL-9C,whichisanX-raydiffraction-and

XAFS-beamlinc,severalkindsofexperimentswere

carriedout、asfollows.Sisurfaceimperfectionwas

investigatedusingextremelyasymmetricrenection,in

whichtheglancingangleoftheincidentX-rayswas

neartothecriticalangleoftotalrenection.

Theexperimenlofanenergy-dispcrsivegrazing

incidencein-planediffractionwithwhiteX-rayswas

carriedouttosIudyverythinpoly-Sifilms.

Thinfilmsoftantalumoxide,whichisoneofthe

promisinghigh-Emalerialsfordeviceapplicalions、

werestudiedbyXAFSmeasurementsinordcrIoclarify

Iherelationbelwecnthcclcctronicpropertiesandthe

structure.Itwasibundlhallheelectronicpropertiesare

stronglydependentontheoxygendeficiency,butnot

onthecrystalstructure(longrangeorder),whichis

believedtobeimportant.

AIso，DAFSmeasurementswerecarriedouton

SrTiO3(STO)thinfilmsinordertoexplainthe

complicatedIocalstructuresfromXAFSanalysis.As

aresult,theSTOcrystalphaseinthefilmwasfoundto

beanalmostidealstructure,andtheotherphascswere

nearlyamorphous,differentfromtheSTOstructure.

4．RENEWALOFBL-9C

Inordertocarryouladvancedexperimentsfor

structuralanalysis,NECdecidedtorebuildBL-9C.A

newbeamlineisIobeconstructedaIBL-9Cduringthe

shutdowninl997.Theopticsofthisbeamlineconsists
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ofadouble-cryStalmonochromatorandahent

cylindrical-mirrorsystem.Themainpurposeofthe

opticsistorealizeasmallbeamsizeandafixedbeam

positionduringmeasurementsoftheXAFSandDAFS

speclra.Thesmallbeamsize(lessthanlmmsquare)is
uscfull.orXAFSandDAFSmeasurementsfornew

materialsanddevices.Thebeamlineistobeopened
foruseattheendofl997.

F-4FUJITSU

1．Introduction

TheFUJITSUbeamlineBL-17consistsoftwoX-

raybeamlines(BL-17AandBL-17C),bothequippcd

withaSi(lll)double-crystalmonochromatorforthc

characlerizationofelectronicmaterialsandaVUV

beamlineBL-l7Btostudypho(o-inducedchemical

reaclion.AIX-raybcamlincsthediffraction,

nuoresccnceandreflectionlcchniqucsbasedmainlyon

theX-raytotalextemalrellcctionconditionhavebecn

appliedIocvaluatewafersurfacesandthinfilms.

2．NewteChniqueSandequipment

2.1GrazingincidenceX-raydiffraction

Grazingincidenceisanappropriategeometrylo

evalualclhinfilmswithhighsensitivily,includingthe

orientali()nalorepitaxialrelaliontosubstrates.Sincca

largeparlofeleCtronicsamplesarethinfilms,a

grazing-incidenceX-raydiffraclometer')hasbccn

constructedatBL-17C・ThclitaniumSilicides(TiSi2),

widelyusedasgateelectrodesorinterconnections,arc

hardIoevaluatebylheconventionalX-ray
diffraclometer,duetoitsthickncssofaround30nm.

Thesilicidationprocesshasbccninvestigatedusing

thisequipment.Forelectricuse,i(sIow-temperature

phaseC49withhighresistivityneedstobetransformed

inlohigh-temperalurephaseC54withlowresistivityhy

thermalannealing.WefoundtheexistenCcof

epilaxiallygrowncomponen(sofC49grainsona

Si(001)subsirateafterlow-tempcralureannealingol.Ti,

whichisthennallyStableandhardtotransfbnnintothc

C54phascaftcrhigh-temperalureannealing2)inaddition

tothecffectsofBF2ionimplantationonthephasc

[ransition.]'Rccently、theatlachmentofathermal-

annealingfurnacehasbecnintroducedinlhis

diffractomclerforthein-siluobscrvationoftheAI/Ti



alloyingreaction,whichhasintimaterelationtolhe

electromigrationofAlinterconnects.ThesysIem,
basedonanelectricheaterincombinationwith

conventionale/28scanning,providedtimedependent

diffractionpattcrnofAlinterconnecIsforeveryone

minute.4)Anewannealingfurnacebasedonalamp

heaterandaPSPCsystemisinpreparationtoobserve

thestructuralchangeofmaterialsduringtherapid

thermal-annealing(RT}ﾍ)processfrequentlyusedin
semiconductorfabrication.

2.2X-rayrenectometry

X-rayreflectivitytechniqueswereinitially

developedbasedonagrazing-incidenceX-ray

diffractometertoevaluateverythinSiO2filmsonSi

includingnativeoxide.DuringacourseofthissIudy,

wefoundthatthephysicaldensityofnativeoxide

changesduetothechemicalsolutionsusedforwafer

cleaning,whosestructureinfluencesthefollowing

growthofthermaloxides.s)Onthermallygrown

oxides,wefoundtheexistenceofahigh-density

(~2.4g/cm3),thin(~lnm)layerattheSiO2/Siinterface.6)

ItsdenSityexceedsthatofSi，indicatingtheorderedor

crystallinenatureofthelayer,incoincidencewiththe

epitaxialcrystallinecomponentobservedbyaCTR
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siudy,andshedsnewlightontheoxidalionofSi,the

detailedmechanismofwhichisstillnotcompletely

understood.Withthesuccessofthemethod,anew

reflectivityequipmcntcapableofobservingX-ray

nuorescencesimultaneouslyhasbeenintroducedat

BL-17A,whercthebackgroundfromairscatteringhas

beenreducedbythevacuumenvironment.This

equipmenthasservedtoevalualemanymaterials,

includingCVD-SiO2film7)orathinmetallicmultilayer

fOraMR(magnetoresistive)head.M)Acombinationof

reflectivityandangledependenlfluorescencewill

providenewinfonnationaboutthinfilms.

References

l)YHoriietal..Rev.Sci.InsImm.66(1995)1370.

2)S.Komiyaetal.,Jpn.J.Appl.Phys.35(1996)242

3)H.Tbmitaetal.,Jpn.J.Appl.Phys.34(1995)

L876.

4)Y.Horiietal.,inthisActivityReport.

5)N.Aw可ietal.,Jpn.J.Appl.Phys.34(1995)
L1013.

6)N.Aw印ietal.,Jpn.J.Appl.Phys.35(1996)L67.

7)N.Aw"ietal.､inthisActivityReport.

8)YKiladeetal.,Abstractofspringmeetingofthe

JapanSocietyofApplicdPhysics(1997)530



-3

Fig. 2(a)

Projects

• ^ ' I » ' <

-2

FWHM

0.5 Lim

I • I • I [ I • • I I

-1 0 1

Distance (pm)

Fig. 1

' • I'll

5/^ m

Fig. 2(b)

Results of X-ray microbeam experiments at the Tristan MR beamline.
Fig. 1 Focused beam profile measured by knife-edge scanning: raw data (a red line) and Its
numerical derivative (black). A sputtered-sllced Fresnel zone plate Is used as a focusing device of
undulator radaltlon of 8.54 keV The focused beam size is about 0.5 micron In FWHM.

Fig. 2. scanning microscopy Images obtained with the focused X-ray beam of test patterns as a
resolution specimen: (a) 0.9 micron line/0.9mlcron space pattern, and (b) 0.6 micron llne/0.6
micron space pattern.
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A. THE TRISTAN SUPER LIGHT

FACILITY

1. GENERAL SUMMARY OF THE PROJECT

In the period of 1995.10.01-1995.12.28 almost all

experiments planned using super brilliant synchrotron
radiation from the Tristan Main Ring have been
successfully carried out. The term from the middle of
September 1995, when the KEK open house was held,
till almost the end of October was spent for
commissioning the modified lattice of the MR. This
modification was done using three and a half months in
the summer. The machine has achieved its successful

operation condition at SGeV for super brilliant
synchrotron radiation.

The machine has been in operation beautifully
during the experimental term until the last moment of
the user run at the end of the year 1995 including the
increasing acceleration energy up to lOGeV and
running at that energy. Commissioning of the insertion
device as a super brilliant light source and its associated
beamline together with a giant monochromator were
also successfully done.

The experiments of the following subjects have
been proceeded according to a machine time allocation
programme as shown in Table 1. Its schedule was

rigorously retained.

MR95A; Production of Highly Brilliant Hard X-Ray
Microbeam and Its Application.

MR95B: X-Ray Excited Process of Semiconductors.

MR95C: Production of Submicron Beam Made by a
Grazing Incidence Mirror.

MR95D: High Speed Time-Resolved X-Ray
Diffraction of Muscle Under Contraction

Using a Single Fiber.
MR95E: X-Ray Parametric Scattering Induced by

Intense Laser Light.
MR95F: Precision Measurement of Emittance.

MR95G: Intensity Correlation of X-Ray Photons
Using Nuclear Resonance Scattering.

MR95H: Growth Control of Atomic Scale Crystal by
X-Ray Wave Field.

MR95K: Development of Position Monitor Using a
Diamond Plate.

MR95L: Development of Profile Monitor Using a
Carbon Wire.

P- 1

Their associated publications are as follows:
(1) Proceedings of the 10th ICEA Beam Dynamics

Panel Workshop on the Fourth Generation Light
Sources; the MR insertion device by S.Yamamoto,
the MR beamline monochromator H.Sugiyama,
and the MR project by M.Ando (Grenoble,
January 22-25, 1996).

(2) Small-Angle X-ray Diffraction of Muscle Using
Undulator Radiation from the Tristan Main Ring
at KEK by N.Yagi, K.Wakabayashi, H.Iwamoto,
K.Horiuchi, I.Kojima, T.C.Irving. Y.Takezawa,
YSugimoto, S.Iwamolo, T.Majima, Y.Amemiya
and M.Ando. Journal of Synchrotron Radiation 3-
6(1996) 305-312.

(3) Fabrication of a Hard X-Ray Sputtered-Sliced
Fresnel Phase Zone Plate by N.Kamijo, S.Tamura.
Y.Suzuki. K.Handa, A.Takeuchi, S.Yamamoto,
M.Ando, K.Ohsumi and H.Kihara, Review of

Scientific Instruments 68-1 (1997) 14-16.
(4) Operation of an X-ray Undulator in the Tristan

Main Ring as a Prototype of Future Super Light
Sources by S.Yamamoto, H.Sugiyama.
K.Tsuchiya and T.Shioya. Journal of Synchrotron
Radiation 4-2(1996) 54-59.
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Many more papers are in process of publication.
See in the text all the details achieved by each
experiment. A part of the work was done by the Grant-
in-Aid for Scientific Research from the Ministry of
Education, Science, Sports and Culture to which we
would greatly like to appreciate. Although the machine
time was too short to use the super brilliant source,
since we believe that we could have put in something
new in prior to the commissioning of the SPring-8, we



Table 1 Time allocation for the above each experimental programme from September to December in 1995. The MR and B3 tunnel are located In the third basement,
and B4 up-stream, B4 middle and B4 down-stream are in the fourth basement. The programmes MR95K and L could have been performed almost
simultaneously while other experimental programmes were running.

month September

lOGeV operation

Commissioning

CommissioniDg
orbit correction i

ComniissioDing
orbit correction II

B4 up-8(Teain
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aim at obtaining a scope to view new scientific
opportunities beyond the 3rd generation light sources
and we need fostering international collaboration, as
one of the tools, to facilitate the generation and
application of coherent X rays.

M.Ando, PF

2. ACCELERATOR

The TRISTAN MR was operated as a light source
from September to December, 1995, to pursue the
possibility of using the MR as a future light source and
to carry out research programs suitable at future light

sources. The beam current was stored to a design value

of 10mA in 8-bunch operation. The measurement of

the acceptance showed that the chromaticity correction
by the non-interleaved sextupole arrangement worked

well. A feedback system suppressed any change in the
orbit to the required level. A preliminary result of the
emittance measurement shows that the horizontal

emittance was about 7 nm.

The brief chronology of the MR light-source
operation given in Tables 2 and 3 shows the design and

achieved beam parameters there. In the following, the
results of the commissioning and machine studies in
this period are reported.

Month/Day

9/18

27

29

10/1-11

14-18

18

11/9

11-15

12

17

12/1

24

24-27

27

Table 2 Brief chronology of the MR-light source operation

Events

Beam tuning at 8 Gev started. The beam was successfully stored.
The injection efficiency was improved after the change of the betatron tunes.
The light beam reached to the first monochromator.
Emittance was optimized by a survey of betatron and synchrotron tunes.
Vertical emittance was reduced by the orbit scan at sextupoles.
Experiments by SR users started.
Feedback system for the stabilization of the closed orbit successfully worked.
Beam tuning at 10 GeV was done.
Field strength of the damping wiggler was adjusted to minimize emittance.
Stored beam current reached 16 mA.

Experiments at 10 GeV by SR users started.
Experiments by SR users finished.
Spectrum of undulator-light was measured.
Operation ended.

Table 3 Design and achieved parameters

Design Achieved

Beam energy (GeV) 10 10

Number of bunches 8 1.8, ,16, 32

Beam current (mA) 10 10 :8 bunches

16;32bunches

Cell phase advance (horizontal) 90°

(vertical) 90°

Momentum compaction 0.00073

Betatron tune (horizontal) 48.20 47.64

(vertical) 41.15 40.76

Natural chromaticity (horizontal) -65

(vertical) -57

RF voltage (MV) 90 80-110

Synchrotron tune 0.073

Damping wiggler field (T) 1.2 1.17

Radiation damping time (trans./long.) (ms) 30/15

Natural bunch length (mm) 5.3

Natural emittance (nm) 5.0 about 7

Orbit stability with feedback
position (hor./ver.) (pm ) ±1500/150 ±30/140

angle (hor./ver.) (prad) ±15/+5 ±5/15

Beam life time (min) 120 210 at 10mA

F-



2.1 Introduction

A plan to modify the MR for a light-source study
has already been described 1). The main features of the

plan were: 1) installation of an X-ray undulator (5.4m
long) and a photon beam line (100m long), 2) increase
the betatron phase advance in a normal cell and, use the

existing wigglers as emittance-damping wigglers to
achieve low emittance, 3) a chromaticity correction
based on the so-called non-interleaved sextupole
arrangement to keep the dynamic aperture large, 4)
removal of all superconducting cavities and 60% of the
normal-conducting cavities and introduction of head-
tail damping by high chromaticity to overcome the
coupled-bunch instability, 5) introducing a feedback
system to stabilize the slow orbit movement and 6)

alkaline cleaning of the vacuum chamber surface to
improve the expected worse vacuum pressure due to a
new installation of the vacuum chambers in the place of
the removed cavities.

2.2 Beam Timing

For a chromaticity correction, sextupoles were
excited based on a non-interleaved sextupole
arrangement. In this arrangement sextupoles make a
pair having the same strength. To confirm the validity
of this arrangement, the energy and transverse

acceptance were measured and compared with a

simulation by the computer code SAD. Fig. 1
demonstrates that the measured energy and horizontal
acceptances are consistent with the simulation. The

measured vertical acceptance, which was one tenth of
the simulation, can be explained by the physical
aperture of the vacuum chamber for the undulator.

According to the result of a SAD simulation, the

betatron tune was changed both horizontally and
vertically for the sake of a larger acceptance. This
change of tune improved the injection efficiency of the
beam by 20-40%.

A low emittance was to be achieved by increasing
the betatron phase advance in a normal cell from 60° to

90° in both the horizontal and vertical planes, and by
using emittance-damping wigglers. Fig. 2 shows the
emittance observed by a visible light monitor as a
function of the wiggler field. The emittance has a

minima around the design value of 1.17T.
Betatron and synchrotron tunes were surveyed in

order to reduce the emittance. Fig. 3 shows the

Solid curves:
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•tatlsilcal errors

beam baaed mea
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Meaaured
horizontal
acceptaitce

4.4 * lO 'm

0.006 0.01 0.015 0.02

Meaaured energy aoceptanoe I*J
±1.3%

Fig. 1 Comparison of the acceptance between the
measurement and simulation.
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horizontal and vertical emittances as a function of the

horizontal tune. The emittance was measured by a
visible-light monitor. Growth of the horizontal
emittance by coupling resonances is clearly observed.
The operating point was set far from the resonances in
order to avoid emittance growth.

The vertical orbit at a sextupole was swept while
observing the vertical beam size in order to decrease

the vertical emittance. This procedure was repeated for
almost all of the sextupoles, and finally reduced the
vertical emittance by 10%.
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2.3 Orbit Stability and Feedback

The requirements were accumulated from the
expected SR users on the orbit stability at the source
point. They are summarized in Table 3.

In the preparation stage for the light-source
operation, orbit movement was measured at the
TRISTAN MR, and revealed that a fast movement of 3-

lOOHz was small enough, but that the slow movement
needed to be stabilized by a feedback system to fulfill
the requirements.

In the feedback system, '̂ the position and angle of
the beam at the center of the undulator were measured

turn by turn by a pair of beam-position monitors. Four

steering magnets were prepared for each of horizontal
and vertical directions to control the position and angle
of the beam at the center of the undulator. These

steering magnets were fabricated by laminated steels to

obtain a fast response of the magnetic field and to

reduce the hysterisis effect.

The performance of the feedback is summarized

in Table 3. The vertical angle is shown for about 5
hours with and without feedback in Fig. 4, as a typical
example of the feedback performance. Data were taken
every 2 seconds by averaging over 100 turns.

Feedback OFF Feedback ON

•A.OTO

•O.OTf

ll
Al

e.oao

6.01S

hUI- 1 0.010WiJij 2
E o.oes

s •a.oio

•D.01S i U —

Time (hours) Time (hours)

Fig. 4 Change in the vertical angle at the source point
with and without orbit feedback.

2.4 Emittance Measurement

The emittance was measured by observing the
visible light emitted from a bending magnet. Light was
extracted from a vacuum chamber by a Be mirror,
defined by a slit, and focused on a CCD camera by a
lens having a focal length of 1000mm. The filter
selected for light having a wavelength 1was 500±5nm.
The intensity of light accepted by the CCD camera was
adjusted by a circular linear-wedge-type ND filter. All
of the devices were located in the TRISTAN tunnel.

P-5

The image was projected onto the horizontal and

vertical axes and fitted to a Gaussian distribution with

linear background. The standard deviation of the

distribution gives a beam size of o./obs.).

o]jobs.) =a!,, +o] +o] +al +g) +a a (1)

where o^.y the horizontal and vertical beam size,
expressed as ^because the dispersion is

negligibly small at the source point, sd is the broadening
of the beam size by diffraction, and is determined
vertically by the radiation angle of the synchrotron
radiation (oV) and horizontally by the Fraunhofer
diffraction by the slit, sf arises because the camera
accepts light emitted from a finite region (ap along the
orbit, and which is unfocused on the camera. The error

due to astigmatism by a deformation of the Be mirror

(Oa) was estimated from the positions of the horizontal
and vertical focal points, which shifted each other by

127mm(=A0 when converted back to the source point.
Qp is caused by a change in thebetafunction (A^x) of y
in region Oj. ctcco ^^e digitizing error by the CCD
camera.

Ox,y (obs.) was measured as a function of the slit
width (D) and compared with the theoretical Ox,y (obs.)
calculated by (1) assuming various values of ex,y. The
result shown in Fig. 5 indicates that horizontal and

vertical emittance are about 7nm and 0.4-0.8nm,

respectively.

6 8 • 10 12 14 16

SUt width D(mni)

Fig. 5 Observed beam size vs. slit width.

2.5 Others

The achieved beam current was 10 mA and 16 mA

during 8-bunch and 32-bunch operation, respectively.
The head-tail damping rate was 3.3 ms horizontally and
1.3 ms vertically at on injection energy of 8 GeV when
the bunch current was 1.4mA." This strong damping,
which is ten-times higher than the radiation-damping
rate, must have been helpful to suppress the coupled-
bunch instability.

(Wfteonmi)

0.6nm

0.4 nm

O.Snm



Table 4 Measured and calculated loss factors

Measured Calculated

Longitudinal (10'^V/C) 6.3 -8.0 4.1

Florizontal (10'^V/C/m) 2.41-3.14 2.1

Vertical (lO'^V/C/m) 5.6 -5.9 2.9

The longitudinal loss factor (kj and the transverse
loss factor (ky) in the ring were measured and compared
with a calculation."" ky was obtained by detecting the
synchronous phase angle as a function of the current
and kj from the current dependence of betatron tunes.
The calculations of the loss factors were made using the

ABCI code which taking into account 40 RF cavities,
160 RF bellows, 32 gate valve bellows and 560 shielded
bellows. The results of the measurement and the

calculation are given in Table 4. The cause of the
discrepancy between the measurement and the
calculation is not yet understood.

The beam lifetime reached 210min at a beam

current of 10 mA. This is longer than the expected
lifetime of 2 hours after three months' operation. This
better performance could be explained as being due to
alkaline cleaning of the vacuum chamber to decrease
the out-gas rate.

The vertical closed orbit depended on the gap

height of the undulator. The amount of orbit change
increased exponentially upon closing the undulator gap.
The kick of 20 mrad at the undulator explains the
change in the closed orbit observed by the 8-GeV beam
at an undulator field of 2500 Gauss, and implies that

the horizontal magnetic field amounting is 5.3Gm in
the undulator. A simulation study was made to explore
the effect of the horizontal magnetic field upon the
characteristics of the undulator radiation."

H.Fukuma, Acc. Dept. and S.Kamada, PF

for the TRISTAN light source commissioning group
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3. UNDULATOR FOR THE TRISTAN SUPER

LIGHT FACILITY

3.1 Operation of the Undulator

Operation of the Tristan MR at 8 and 10 GeV for
the superbrilliant-synchrotron-radiation experiment
was started on Sept. 18. 1995, and the electron beam

was stored as early as Sept. 20. As a source of
synchrotron radiation (SR) in the hard x-ray region, a
5.4-m long 239-pole undulator, named XU#MRO, was
constructed and installed in the MR, as reported

previously." The parameters of the XU#MROare given
in Table 5. The spectrum corresponding to the designed
performance of the MR (beam energy, E = lOGeV;
beam current, 7=10mA; natural emittance, eo=5nm-rad;

and emittance coupling, k"=0.02) is shown in Fig. 6.

Table 5 Parameters of the XU#MRO.

Magnetic structure
Magnetic material
=17kOe)
Period length
Number of periods
Magnet length
Maximum peak field
Maximum K

Range of magnet gap
Aperture

Pure configuration
NdPeB (e,'=12.8kG, iHc

Xy=4.5cm
120 [=3x40/unit undulatorl
5.4m [=3x1.8m/unit undulator]
B =2.64kG

3--50cm

2.4cm

QQ

Fig. 6

.Q

O
rJ

•a

PF-Bend

300niA

Photon energy (eV)

Brilliance of radiation from the XU#MRO in the

cases of 8- and 10-GeV operation of the MR with
a beam current of 10mA. Each curve shows the

locus of the peak position of the n-th harmonic
when K decreases from its maximum. The

brilliance of the radiation from the PF-bending
magnets at 300-mA operation is also shown for a
comparison.
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X rays from the XU#MRO were successfully
introduced to the beamline by using light axis monitors

made of graphite wires^'; the horizontal and vertical
positions of the light axis were detected by these
monitors, which were placed at 17 m, 49 m, and 84 m
points from the center of the XU#MRO. The XU#MRO
provided X rays very stably for commissioning the
double-crystal monochromator and for various types of
utilization until the end of the test experiments on Dec.
27, 1995.''

Beam tuning the MR was performed at 8 GeV at
first, since the injection energy of the MR was 8 GeV,

and was followed by SR experiments at 8 GeV. The
beam tuning was done again at 10 GeV before

experiments at 10 GeV. This process was in a dilemma
between the best-tuned operation of the MR for SR

experiments and the longest time allocation for
experiments under the condition of a strictly limited

time allowed for the MR for SR operation (some 3.5
months). In order to carry out this process very quickly
and efficiently, the vertical divergence (Z^) of the x-
rays from the XU#MRO was used as a measure of the

status of the electron-beam quality in the MR after
conversion to electron-beam divergence (o^) by a
proper deconvolution, which took into account the

effects from the divergence of the X-rays, themselves,

and those from the optical elements used. The
measurement of was made by taking rocking curves

of the Si400 analyzer placed after the Si400 double-
crystal monochromator, the first crystal piece of which

was cryogenically cooled by liquid nitrogen. Details
concerning this measurement will be given elsewhere."

3.2 Estimation of the electron-beam properties

During the beam-tuning process at 8 GeV, we
found that amounted to some 20 prad, which was
four-times larger than the design value (4.5 prad when

£0=5 nm-rad and k = 0.02 is achieved). After an

intensive search of the operation parameters of the MR,

including a reduction of the beam-current dependence
of Gy, made by the Tristan accelerator group, the beam
quality was optimized and Gy= 8.5 mrad was achieved.
Further, in this process we found that Cy was optimized
by the long coil for the horizontal field correction." A
minimum value of Oy (=7prad) was obtained at a coil
current of -8 to -10 A. This phenomenon suggests that
changes in the ambient magnetic field occurred around

the XU#MRO in the MR under operation, and that these

long coils are very useful to correct for this kind of

change in the ambient field. A similar optimization of

Gy was also observed under 10-GeV operation of the
MR; Oy.=7.6 prad without a correction was optimized to
Gy= 6.6prad at a correction current=-8A. This
correction was kept constant during the SR experiments

at 10 GeV.

A spectrum measurement as a characterization of

the light source was finally performed at 10 GeV
during the last three days of the MR operation for the

SR experiments. Instead of the brilliance, we measured

the on-axis photon flux density using the present
optical system (Fig. 7). Radiation from the XU#MRO

was introduced to a PIN photodiode detector through
an absorber made of aluminum and an x-y slit (with an
aperture of 0.2x0.2mm'), which were placed after the
Si400 double-crystal monochromator. We used a PIN

photodiode which was precisely calibrated" in a photon
energy region from 7 to 40 keV. The use of an absorber

of A1 is for separating the first and second harmonics of

the radiation from higher harmonics. The effects of
absorption, which were caused from the graphite- and
beryllium-windows, and air in the beam path, and those
of reflection efficiencies and bandwidths of the

monochromator were also taken into account for a

correct estimation of the photon numbers."

The measured spectrum is shown in Fig. 8 as solid
circles. The parameters of the light source were:
f^lOGeV, /=10mA (normalized) and A'=1.09 (the first

harmonic energy of 13.1keV). Figure 8 also shows the
result of a calculation (a solid curve) made with eo=14

nm-rad and k=0.015 instead of the design values (eo=5

nm-rad and k=0.02). An energy spread of 1.13x10 '
was also taken into account for this calculation.

The above selection of and k was made on the

basis of the measured spectrum (Fig. 8). The

Graphite
absorber

100pm X 2

Monochromator

1st crystal
+Si400

cooled by liquid N2

Be window

200^m X 1

Be windows

200pm X 2

A1 absorber

PIN

photodiode
detector

Monochromator

2nd crystal
-Si 400

X Y slit

0.2 X 0.2 mm^

Fig. 7 Schematic diagram of the optics used for the
spectrum measurement.
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Fig. 8 Photon flux density of the radiation from the
XU#MRO with K=1.09 (the first harmonic energy
is 13.1 keV) when the MR is operated at 10 GeV
and 10mA. The solid circles indicate the observed

results and the solid curve indicates the result of a

calculation made with a natural emittance (So) of
14 nm rad, a emittance coupling (k) of 0.015, and
an energy spread of 1.13x10 ^

combination of Eq and k greatly affects (a) the flux
density of each harmonic, (b) the bandwidth of each
harmonic, and (c) the ratio of the flux density of an
even harmonic to an odd one. Therefore, Eg and k may
be well constrained inversely by the observation
concerning on the above three items. Figure 9 shows
contour maps of (a) the flux density of the first
harmonic (£>,) of the radiation from the XU#MRO, (b)
the bandwidth of the first harmonic (Aco/o),), (c) and
the ratio of the second-harmonic flux density to the first
(Dj/D,), which were calculated as functions of Eg and k
using the same parameters as those used for the solid
curve in Fig.8. The observed results of Z),=3.3x10'®
photons/s/mrad70.1 %bandwidth and Aco/co,=0.042
(Fig.S) are explained only by the combination of Eg=14
nm rad and k=0.015, as shown in Figs.9 (a) and (b).
Since the number of unknowns to be obtained is two,

the constraint conditions obtained from Figs.9 (a) and
(b) are enough to determine the values of Eg and k .
The condition obtained from Fig.9 (c) can be used for a
redundancy check. Although the observed values
which form the second harmonic are somewhat

scattered, the ratio D2/Z),=0.1 65, obtained from
smoothing these data, is consistent with the result
shown in Figs.9 (c). In this contour, a combination of
Eo=14 nm rad and k=0.015 gives DJD^ = 0.170. The
agreement between the observation and the calculation

strongly suggests that the electron-beam quality under

(a)

0.1-

0.09-

0.08-
EU
c 0.07-
a.
3 0.06-
O

u 0.05-
c

iS 0.04-

E
u

0.03-

0.02-

0.01-

0-

(b)

Angular flux density
(xio" phs/s/mrad^/0.1%bw/10inA),

natural emittance (nm)

Relative band width
of the 1St harmonic

natural emittance (nm)

10 12 14 16 18

(c) natural emittance (nm)

Fig. 9 Contour maps of (a) the flux density of the first
harmonic (Z),) of the radiation from the
XU#MRO, (b) the bandwidth of the first
harmonic (Ato/co,), (c) and the ratio of the
second-harmonic flux density to the first
(Dj/Z),), which were shown as functions of the
natural emittance (Eg) and the emittance
coupling (k). The solid circle indicates the
point of the natural emittance. Eg = 14nm-rad,
and the emittance coupling, k = 0.015.

the present operation of the MR should be expressed by
Eg = 14nm rad and k = 0.015 as an effective emittance

in the XU#MRO, including the effects from the above-
mentioned ambient horizontal field. Further, the value
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of the vertical emittance (e, = 0.21 nm rad), which was
obtained on the basis of the observed value of a,= 6.6

mrad using (3^ = 4.8m (design value), is very consistent
with the above inference of the emittance.

The above result, however, does not coincide with

the designed values of the electron beam emittance (Eq
= 5nm, and k = 0.02), nor those (e,=7 nm and 0.6

nm)" obtained independently by using SR from the
bending magnet in the MR. This discrepancy gives rise
to a possibility for the existence of some irregularities
in the magnetic field of the XU#MRO, which brings in

degradation of the spectral properties the XU#MRO
from its ideal value (3.6x10"* pholons/s/mmVmradV
0.1 %bandwidth when K= 0.97 with 10-GeV and 10-

mA operation, in terms of brilliance) to the present one
(6.9x 10'̂ photons/s/mm' /mradVO. 1%bandwidth). In
order to clarify an origin of this discrepancy, we
reexamined the magnetic field of the XU#MRO very
critically. A spectrum obtained by a direct Fourier

transformation of the magnetic field data shows that the

degradation is negligibly small for, at least, the lower

harmonics and our present estimation of the emittance

well represents the beam properties in the MR when the
experiments were performed.

S. Yamamoto, PF
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4. OPERATION AND PERFORMANCE OF

THE BEAMLINE MR-BW-TL

The beamline MR-BW-TL operated well with
good performance, except for two problems concerning

the monochromator since the commissioning. The
pressure of the beamline was maintained at less than
the order of 10 *' torr at the upstream part, and less than
the order of 10""' torr at the downstream part from the
beryllium windows through the operation. Upon

commissioning the monochromator, the SR beam was

obstructed by a vacuum duct comprising a welded

bellows between the first and second piece of the

monochromator. The vacuum duct deviated from the

SR beam path as a result of a bend in the duct beyond
our expectation. We reformed the duct by fitting a
counterbalance. The liquid-nitrogen cooling system of
the monochromator was also operated well. The
consumption of liquid nitrogen for the monochromator

was 2.2 liters/hour as the shutter opened and 1.9
liters/hour as the shutter closed. There was a very low
degradation of silicon crystal of the monochromator.

The rocking curve was measured by rotating the first
crystal on Si 660 at a parallel setting with the first and
second crystal of the monochromator at 26 keV. The

full width at half maximum (FWHM) of this curve was

6.8 prad. We concluded from this FWHM that the

radius of curvature of the first crystal was more than
500 m. Intensity of the SR beam after the
monochromator fluctuated during the last stage of the
SR experiments. We suspect that the monochromator
crystal vibrated due to the leakage of liquid nitrogen
from the seal part. In fact, the sealant, which was

Omniseal, deteriorated because of radiation damage,
and the pressure of the vacuum chamber for the first

crystal increased from the order of lO "* torr to the order
of 10^ torr.

We often measured the vertical divergence angle
about the first harmonics of undulator radiation. We

employed (-, -i-, -i-) Si 220 or 400 setting using the first
and second crystal of the monochromator and analyzer
crystal in the experimental room for this purpose. We
derived the vertical-angle dispersion (a,. ) of the

electron beam from the vertical divergence of the
undulator radiation. Figure 10 shows a relation of the

15
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@4bunches, 2501.2G
@1 bunch, 2144.4G
@4bunches, 2144.4G
@1 bunch, 1908.7G
@4bunches, 1908.7G
@8bunches, 1908.7G

0 1 2 3 4 5 6 7

Ring current / mA

Fig. 10 Relation between vertical-angle dispersion (o^.) of
the electron beam and the ring current of the MR.
The closed symbols show o^. at a single bunch,
and the open symbols show o^. at multi-bunches (4
or 8 bunches). Other numerical values show the
magnetic-flux density of the undulator (undulator
gap) on the measurement.
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vertical-angle dispersion (o,.) and the ring current of
the MR. The (5y dramatically increased at over 1 mA of
the ring current during single-bunch operation. During
multi-bunch operation at below 1 mA of the ring
current per bunch, however, the increase of was

small at even several mA of total ring current. We

experimented under the condition that the ring current

per bunch was below 1 mA. We also measured the
relation of the vertical angle dispersion (o^ ) and the
magnetic flux density of the undulator (gap of the
undulator), as shown in Fig. 11. The Oy increased with
the magnetic-flux density of the undulator. This effect
indicated that there was an extra horizontal magnetic

field on the undulator for some reason or another. In

fact, Oy. decreased, when a corrective horizontal
magnetic field was applied in order to eliminate any

extra magnetic field. We were not able to find the cause
which differentiated among each set of measured Oy.

The spectrum of the undulator radiation was

measured at the end of operation of the MR. The

condition during the measurement was as follows: the
K value of the undulator was 1.09, the MR was operated

with 2 to 5 mA at 10 GeV, the measured range was 11

to 14 keV and its higher harmonics. The corrective
horizontal magnetic field was applied during the
measurement of the spectrum. A monochromator with
(-I-, -) Si 400 setting was employed to measure the

spectrum. The monochromator was calibrated by the
energy of the nuclear-resonant scattering of "Fe (14.4

20
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Fig. 11

No.1
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Magnetic flux density / G

2500 3000

Relation between the vertical-angle dispersion (Oy)
of the electron beam of the MR and magnetic flux
density of the undulator (gap of the undulator).
The closed symbols show Oy with the corrective
horizontal magnetic field, and the open symbols
shows Oy with the corrective horizontal magnetic
field. "Ic" is the current of the coil for the

corrective horizontal magnetic field.

keV). An aluminum absorber and an x-y slit with an

aperture of 0.2 x 0.2 mm" were set after the

monochromator in that order. The intensity after the x-

y slit was measured by means of a PIN photo-diode

detector with a series of the thickness of the aluminum

absorbers in range of 0 to 12 mm. The component of

the first and second harmonics were separated by using
the difference in the absorption coefficient for
aluminum at each harmonic. The corresponding output

current of the PIN detector at each harmonic was

converted into the number of photons at each energy.

Figure 12 shows the measured flux density
corresponding to 10 mA operation of the MR as the
closed circle and the theoretical one as the solid line.

The measured flux density was derived from the
aforesaid number of photons, which were corrected for

the reflectivity and reflective width of the
monochromator. absorption of matter on the SR beam

and size of the x-y slit. The measured flux density is in

good agreement with theoretical one, as shown in

Fig.12. This result is evidence that the beamline
operated with good performance, including the
monochromator.

H. Sugiyama, PF

20

Energy (keV)

Fig.12 Spectrum of the undulator radiation at 10-GeV
operation of the MR. The closed circles show the
measured spectrum and the solid line shows the
theoretical calculation.

5. RESULTS OF THE SUPER-BRILLIANT SR

EXPERIMENTS

5.1 SUBMICRON X-RAY MICROBEAM

PRODUCTION WITH A WOLTER-TYPE

GRAZING-INCIDENCE MIRROR

X-ray microprobes have been developed for
various spectroscopic and structural studies of matter

P- 10



with spatial resolution. Detectable signals are

fluorescent X-rays, photoelectrons, rnicro-X-ray

diffraction, EXAFS and so on. There are several

approaches to produce an X-ray microprohe. Among
the various optical elements, grazing-incidence mirrors
are very convenient focusing elements, because they
can be used for a wide spectral range. Due to the large

optical aberrations inherent to the single grazing-

incidence mirror, it was difficult to produce a small X-

ray spot of less than one micron. In order to produce a

much smaller microbeam, these aberrations must be

reduced. A Wolter type-I mirror is one of the best
grazing-incidence mirrors which reduce aberrations
considerably." For a highly collimated beam a
telescopic mirror system can be applied. The Wolter
mirror consists of a paraboloidal and a hyperboloidal

mirror which compensate aberrations in each other.
Figure 13 shows the parameters of a Wolter type-I

mirror which is being developed for X-rays from an
undulator. The average grazing angle (0) is about 7

mrad and the mirror surface is coated with platinum, so

that X-rays of less than 12 keV can be reflected. The
total reflectivity of the mirror is calculated to be about
689f at 8.54 keV. The detailed fabrication process of

the mirror was reported in a previous paper." The
surface roughness is smaller than 1 nm, which reduces
the X-ray scattering remarkably.

A schematic diagram of the microbeam optics at
MR is shown in Fig. 14. The distance between the
undulator and the mirror is about lOOm. The undulator

has 120 periods and its period is 4.5cm long. X-rays
were monochromatized at 1.45 A (8.54 KeV) by two Si

(220) crystals. The incident beam into the mirror was
collimated by two slits(#l ,#2). The divergent angle ot
the incident beam is approximately 3prad (vertical) x
5prad (horizontal), and that gave rise to a relatively
large coherent area (vertical ~ 5()pm, horizontal
~30|im) at the entrance plane of the mirror. We fixed
the aperture of the slit #2 to be 11Opm(vertical) x
120pm(horizontal). Just before the detector, a spatial
filter was set up to cut the extra reflected beam and the
scattered beam.

The storage ring was operated at 8 GeV and the
beam current was several mA during our experiment.

The shape of the X-ray microbeam was imaged with
Fuji nuclear plates. As shown in Fig. 15, the X-ray
microbeam in the focal plane was horizontally

separated. This separation was caused by the surface
undulation of the mirror. One of these microbeams
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Fig. 16 Beam profile measured by knife-edge scanning.

could be chosen by adjusting the position of the spatial
filter.

To evaluate the vertical diameter of one

microbeam. a knife-edge test was made. The broken

line in Fig. 16 shows the transmitted intensity profile of
the microbeam. The beam diameter, which was
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Fig. 17 Longitudinal surface profile of the Welter mirror.

estimated by the vertical divergent angle of 3)irad, was
less than l|im. The smallest diameter of the microbeam
was limited by the vertical divergent angle of 3|irad.

Figure 17 shows the longitudinal surface profile
of the Wolter mirror. The mirror surface has some

periodic undulation of about 1mm. The separation of
the focal points shown in Fig. 15 might be explained by
these undulations. Each focal spot was separated at
intervals of about 10 pm. If we assume that these
separations come from the grating-like surface
structure, we can estimate the period of the surface
undulation to be about 1.4mm. These values

approximately coincide with the period of the
undulation. The results show that the surface

undulation of the mirror must be reduced to be as small

as possible.
S.Aoki University ofTsukuba
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5.2 GENERATION OF HARD X-RAY

MICROPROBE WITH SPUTTERED-SLICED

FRESNEL ZONE PLATE

An X-ray microprobe with a sub-micrometer spot
size is expected to be important technology for material
science and biology. The nominal spatial resolution of
about 1 pm has already been achieved using total-
reflection mirror optics, multilayer-mirror optics and
Fresnel zone-plate optics.'"" However, a sufficient
probe intensity can not be obtained using second-
generation SR light sources. The third-generation SR
source is indispensable as a practical hard X-ray
microprobe with a sub-micrometer probe size. In the
TRISTAN-MR experiment, we have tried to generate a
hard X-ray microbeam with a sub-pm beam size and
with a sufficient beam flux for scanning microscopy.

40

5.2.1 Experimental setup (X-ray focusing optics)

A schematic diagram of the experimental set up is
shown in Fig. 18. Undulator radiation passing through
double graphite heat-absorbers and double beryllium
windows is monochromatized with a Si 220 double-

crystal monochromator. The X-ray energy is fixed at
8.54 keV during the experiment. The K-value of the
undulator is tuned by changing the magnet gap as the
outputflux from the monochromator reaches maximum.
The third beryllium window located between the first
crystal and second crystal of the monochromator
separates the vacuum from atmospheric pressure.
Finally, the monochromatic X-ray beam impinges on an
X-ray focusing device in air. The distance between the
light source and the experimental station is about 100
m. A cross slit is placed between the first crystal and
second crystal of the monochromator. The cross slit is
used as a pseudo-point source for the microbeam
experiment, and a demagnified image of the cross slit is
generated at the focal point to generate a micro-focus
X-ray beam. The distance between the cross slit and
the X-ray focusing device is about 16 m.

In this experiment a sputtered-sliced Fresnel zone
plate is used as the X-ray focusing device. The
sputtered-sliced FZP has been fabricated by Kamijo
and Tamura at Osaka National Institute."' The alternate

Ag/C concentric multilayer (50 layers) are deposited
onto Au wire substrate (47 pm in diameter) by
magnetron sputtering. The film thickness (zone width)
of the first inner layer is 0.4 pm, and 0.25 pm for the
outermost layer. The diameter of the FZP is 80 pm.
After deposition, the wire sample is sliced into a plate
normal to the wire axis. Finally, the FZP is polished
mechanically until it has an appropriate thickness.
When the thickness of the FZP is more than 10 mm, the

FZP operates as an amplitude-modulating zone plate,
and the efficiency of the first-order diffraction is not

100m from Source Point

SR
(Undulator)

Slit (0.14mm x 0 14mm)

Si(220) Monocftromatcr
= 1 45A

110mm

OSA(20^m)

Fig.18 Schematic diagram of the optical system. OSA:
Order Selecting Aperture. FZP: Fresnel Zone
Plate.
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higher than I/tt" (-10%). When the FZP is thinned to

less than 10 )im, the zone plate becomes a phase-
modulating zone plate, and the theoretical limitation of
the first-order diffraction efficiency increases to 40%.
The thickness of the FZP used in this experiment is
estimated to be about 8-9 jum.

A preliminary test of X-ray focusing properties
has been performed at BL-8C2 of the Photon Factory
2.5-GeV storage ring, and a focused beam size of 0.9
|im was been achieved at an X-ray energy of 8 keV.
The diffraction efficiency for the first-order focus is
about 10%. The FZP is apodized by the center beam
stop (47 pm diameter gold). Taking the annular aperture
of the FZP into account, the intrinsic diffraction

efficiency achieved by the zone area is estimated to be
about 16%. This value is larger than the theoretical
limitation of the first-order diffraction efficiency for the
amplitude-contrast FZP. Therefore, this FZP is
considered to be phase-shifted.

The measured focal length is about 146 mm at an
X-ray energy of 8.54 keV. In this experiment a
demagnified image of the X-ray source is formed by
the FZP to generate a micro-focus X-ray beam. When

the cross slit placed between the first crystal and second
crystal of the monochromator is used as a point-like X-
ray source, the magnification (M) is defined by the
equation M = f/L. where f (= 146mm) is the focal length

of the FZP and L (=16 m) is the distance between

source and FZP. The slit width used in this experiment
is estimated to be about 50 pm. When the slit width is
50 pm. a focused spot size of 0.5 pm can be derived by

geometrical optics. When the source point of the
undulator radiation is demagnified with the FZP, the
focal-spot size depends on the source size. The designed
source size is 300 pm (horizontal) x 50 pm (vertical),

and source to FZP distance (L) is 100 m. Therefore, the

focal spot size calculated by geometrical optics is 0.45
pm X0.08 pm.

The FZP, bonded onto a graphite plate (1 mm
thick), is mounted onto a manipulator. A cross slit (0.14
mm X 0.14 mm) is placed just in front of the FZP to

reduce background noise. An order sorting aperture
(OSA), a 20 pm-diameter pin-hole made of 0.2 mm-

thick Ta plate, is used for selecting the first-order
diffraction. Higher order diffraction and 0-th order light
is perfectly eliminated with the OSA. The intensity of
the focused X-ray beam is measured with an ionization

chamber, or a Nal scintillation counter. Focused beam

profiles are measured by knife-edge scans. The knife-

edge, which is actually a gold wire of diameter 50 pm,
is scanned with a translation stage driven by a stepping
motor. The minimum step of the scanner is 0.025 pm.
The line-spread-function of the optical system is
derived from the numerical differential of the measured

knife-edge scan profiles.

5.2.2 Results

The cross slit between the first and second crystal
of the monochromator is used as a pseudo-point source
for the X-ray focusing experiment. The focused beam
profile measured by knife-edge scanning is shown in
Fig. 19 a. A spot size (spatial resolution) of about 0.5
pm in full-width at half-maximum (FWHM) was

achieved. This spot size is close to the diffraction-
limited resolution of the FZP (0.3 mm). Therefore, the

FZP used in this experiment is considered to be very
near to that of the ideal zone plate.

The FZP was not a practical device at the bending
magnet beamline of the Photon Factory 2.5 GeV
storage ring, because of low efficiency and the small
numerical aperture. However, by using the high-
brilliance undulator radiation from the TRISTAN main-

ring, a practical hard X-ray microprobe has been

achieved. When the demagnified image of the undulator
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Fig.19 Focused beam profiles measured by edge-
scanning. (a) A slit between the 1st crystal and
the 2nd crystal is used as s pseudo-point source,
(b) SR source is demagnified without the slit
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source point was formed by the FZP, the focused beam 
size measured by edge-scanning was 1.4 µm in FWHM, 

as shown in Fig.19 b, and the flux density of the focused 

X-ray beam measured with the ionization chamber was 
about I x 106 photons/s/µm 2/1 OmA_stored_current. 

This beam intensity is sufficient for app lying to the 

scanning microscopy experiment. However, the focal 

spot size ( 1.4 µm) is larger than that with a pseudo­
poi nt source (0 .5 µm). Although, it seems to be 

probable that the blur is mainly due to ultra-small angle 

scattering by graphite filters and Be windows, a closer 

investigation is necessary for explaining flle 

experimental result. 

Y. Suzuki, Hitachi Ltd. and N.Kamijo, Osaka National 
Institute 
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5.3 HIGH-RESOLUTION SMALL-ANGLE X­
RAY DIFFRACTION OF SKELETAL 
MUSCLES 

We report on the results of two small-angle X-ray 

diffraction experiments on skeletal muscle fibers using 

an undulator inserted in the Tristan main ring as an 

innovative source of intense and well-collimated 

synchrotron radiation. 1
' One experiment was performed 

to study the ultra-structure of the thick filaments in the 

sarcomere from the X-ray diffraction with a high 

angular-resolution recorded on a storage-phosphor area 

detector (an imaging plate, IP) . The other experiment 

aimed to prove cross-bridge behaviors in a striated 

muscle at the active state by collecting one-dimensional 

time-resolved X-ray diffraction data from chemically 

skinned muscle fibers using a rotating-drum IP system. 
In this experiment, a sinusoidal length oscillation was 

applied to a muscle during active contraction and in 

rigor to compare the time courses of the intensity 

changes of the 14.5-nm meridional reflection. 
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The Tristan main ring energy was set at 8.0 GeV. 

The beam currents were 1-8 mA (in static 

measurements) and -15 mA (in time-resolved 

measurements) using either 8 or 32 bunches. Figure 20 

shows the beamline layout for the present experiments . 

The monochromator crystals (Si (220)) were adjusted 

to pass the first harmonic of the undulator beam (8.4 

keV). The large offset arrangement of two 

monochromators resulted in data with an extremely low 

background. Two optics were used, depending upon 

the experiments. The specimen-to-detector distance 

was 2 min two experiments described below. For 

static measurements, optics with only two pairs of slits 

systems was employed (Fig. 20a). For recording a high 

spatial-resolution X-ray pattern, the first pair of slits 

were placed just behind the second crystal, limiting the 
beam size to 0 .14(V) x 0.57 mm(H). The second pair 

were used as guard slits to reduce any parasitic scatter. 
The beam size after the second slits was 0.16 x 0.60 
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Fig. 20 Beamline layout for the diffraction experiments on 
muscle. (a) For the high-spatial resolution 
measurements and (b) for the time-resolved 
measurements. The crystals were adjusted to 
pass the first harmonic of the undulator beam. In 
(b) a 20 cm-long platinum-coated bent glass-mirror 
is inserted to focus the X-ray beam vertically to 
-0.3 mm at the specimen . 



mm, showing that the vertical beam increased by only
20)am over the travelling distance of 4.5 m. The flux
was -15 X 10® photons s ' at a ring current of 5 mA.
The diffraction patterns were recorded on the IP. In the

time-resolved experiments a 20 cm-long platinum-
coated cylindrically bent glass-mirror was inserted
horizontally at -95 m from the source and 2 m upstream
of the sample position (Fig. 20b). The mirror was able
to intercept about 40% of the beam and made it focus
vertically to a line -0.3 mm at the specimen position.
The beam was collimated to 0.3(V) x 2.0 mm(H) on the

specimen by the first slits placed behind the mirror.
The flux was -1x10" s ' at -15 mA, which is one order

of magnitude higher flux than that for a similarly sized
beam from the BL15A bending-magnet line at PF.

One-dimensional streak patterns were recorded using
the rotating-drum IP system.

5.3.1 Static experiments on muscle

Figure 21 shows the diffraction pattern taken from
a frog live sartorius (whole) muscle resting in a Ringer's
solution. The small beam size ensured sharp reflection
peaks, making patterns with high spatial resolution in
both the meridional and equatorial directions.

The patterns also have high contrast because the
background is very low. The most notable feature of

the diffraction pattern in Fig. 21 is the number of fine

peaks (over 100) along the meridian (the central

vertical axis of the pattern) in the 0.015-0.25 nm '
region. Figure 22 depicts the intensity tracing on the
meridian after subtraction of the background intensity.

These fine peaks, which would have a peak-to-peak

separation of 700-1000 nm, arise from the protein
arrangements in the two symmetrical halves of the
thick and thin filaments across the M-line and Z-band,

respectively. A precise measurement of the peak-to-

peak separation on the thick filament-based meridional

reflections (denoted by M in the left-hand side of
Fig. 21) gave a 704 nm Bragg spacing (i.e., the angular
separation of -2 x 10"* rad), proving the highly
collimated nature of the undulator beam. Most of the

fine fringes come from the protein arrangements in the
two symmetrical halves (0.8|j.m long) of the thick
filaments across the M-line located at the center of the

sarcomere.

In each half of the thick filament of a frog muscle,
the thick filament has a three-stranded helical structure

(each strand having a 91 (9 residues/1 turn) helix) and

Fig.21 X-raydiffraction pattern taken from a frog skeletal
muscle in the living relaxed state. The pattern was
recorded on an imaging plate for an exposure time
of about 30 min at a camera length of 2 m with a
ring current of 4 mA, The fiber axis of the muscle
is vertical. M is the meridional axis and E is the

equatorial axis. M1-M9 denote the thick filament-
based reflections with a basic repeat of 43 nm and
A59 and A51 denote the thin filament-based
reflections. The arrow indicates the 14.3-nm thick

filament-based meridional reflection. The spacing
of this reflection changes to 14.5 nm when the
muscle is activated or put into rigor.

the myosin projections are protruding from the
backbone surface at 14.3-nm intervals axially. Since the
thick filament has a three-fold rotational symmetry, the
crystallographic repeat of the whole filament is 43 nm
(=14.3 nm x 9/3). These projections from the thick
filaments are called cross-bridges, which interact with
actin during muscle contraction. Such a regular thick
filament structure only gives meridional reflections at
three integral orders of 43 nm. However, there are the
presence of 'forbidden' reflections on the meridian (see
Fig. 21), indicating that the axial cross-bridge repeat is
not the regular 14.3 nm, but, rather, that successive
periods are systematically perturbed with retaining the
basic repeat of 43 nm. C-proteins are bound with an
axial interval of 44 nm to a certain region in the thick
filament backbone, giving meridional reflections with a
repeat of 44 nm. Thus, interference effects between the



Fig. 22 Intensity distribution on the meridian in the X-ray pattern from a live frog skeletal muscle in Fig. 20. The intensities
after subtraction of the background are shown by multiplying the square of the axial coordinate. M2-M10 denote the
thick filament-based meridional reflections with a basic repeat of 43 nm and C denotes a 44-nm reflection from C-
proteins bound to the thick filaments. Tn1-Tn3 depict the reflections with a repeat of 38 nm from troponin molecules
bound on the thin filaments.
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Fig. 23 Model of the thick filament structure projected onto
the fiber axis. The upper shows the distribution of
the perturbed and regular regions of cross-bridge
periods and the C-protein regions along the thick
filament. The lower depicts the mass density
distribution of the cross-bridges (denoted by the
white squares) in the two regions and the 0-
proteins (denoted by the hatched squares).

two symmetrical halves of the thick filaments

(containing C-proteins) across the M-line give rise to
the fine fringes on the thick filament-based meridional

reflections.

A precise measurement of the peak-to-peak
separations on the thick filament-based reflections

determined the center-to-center distances between the

perturbed regions of the cross-bridge arrangements and

those between the C-protein regions together with the
lengths of their respective regions (see Fig. 23). Using
these data, we calculated the meridional intensities

from the assumed mass density distribution projected
onto the filament by modeling the structures of a cross-
bridge and a C-protein and the successive periods of
cross-bridges within their basic repeat in the perturbed
regions so as to get the best fit with the observed
intensities.^' Figure 23 shows the best-fit model of the
projected structure of the thick filament, and the

calculated intensities from the model is compared with
the observed one in Fig. 24. The goodness of the fit

was evaluated by the R factor, being -0.1. The result
reveals that the perturbed regions of the cross-bridge
periods started at a distance of 80 nm apart from the M-
line and terminated at a distance of 180 nm from the

filament end, in which the successive periods of cross-
bridges are 12.9nm, 12.9nm and 17.2nm in an axial
periodicity of 43 nm. In the terminal region of ISOnm
long the cross-bridges are arranged with a regular

14.3 nm period. C-proteins are existing over the region
of about 300 nm long in the perturbed regions of cross-

bridges.
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Fig. 24 Comparison of the calculated meridional
intensities from the best-fit model and the

observed one. The discrepancy factor (R)
between them was ' 0.1.

5.3.2 Time-resolved experiments

In time-resolved experiments the rotating-drum IP
system was used as a one-dimensional detector

(Fig. 25). A drum with a circumference of 1080 mm

rotated at 20 rotation s '. The vertical aperture of the
entrance slit placed just in front of the drum was set at 4
mm so that the time resolution of measurements was

drum Imaging plate system

maging plate
motor

rotary

tension transduce encoder

specimen
servo motor

wave function generator

Fig. 25 Rotating-drum imaging plate (IP) system used for
the time-resolved X-ray experiments during the
length oscillation of the muscle fibers. The IP (200
X 1000 mm) is attached on a drum. A one-
dimensional X-ray pattern which passes through
the receiving slit is recorded on the IP along the
drum axis while intensity changes of the pattern as
a function of time are recorded along the
circumference. The length of the muscle fiber was
oscillated by a fast-moving servo motor in
synchronism with the rotation of the drum using a
rotary encoder. Tension changes of the muscle
were measured by a force transducer.

0.185 ms (50 ms x 4 mm/l()80 mm). A small bundle

containing less than ten fibers from a chemically
skinned rabbit skeletal muscle was used in this

experiment. The length of the muscle bundle at the full
filament overlap was oscillated at 500 Hz by a fast-
moving servo motor synchronously with the rotation of
the drum (Fig. 25). The amplitude of oscillation was
-0.3% of the muscle length. The drum circumference
could accommodate the streak diffraction image of 25
complete 2-ms oscillations. In a typical total exposure
time of 3 min, each of the 25 diffraction images
represented the sum of the diffraction from 3600

oscillations. The 25 images were summed to provide
an averaged diffraction pattern with a high S/N ratio.
An investigation of the intensity changes was made on
only the 14.5-nm meridional reflection indicated by the
arrow in Fig. 21, one of the most intense in the axial

pattern. The experiments were performed at 8°C
When small oscillatory length changes were

applied to either active fibers or rigor fibers, the tension
revealed a simple respon.se in synchronism with length
changes. Fig. 26 shows the results of a length change
of the muscle fibers (a) and intensity changes of the
14.5-nm reflection in the active state (b) and in rigor (c)
in one oscillation cycle, which were derived from the
streak images recorded on the IP. In the active state the

intensity of the 14.5-nm reflection decreased during the
stretching phase and increased during the releasing
phase synchronously with the tension change. Thus,
the intensity change occurred out of phase against the
tension change (Fig. 26b). Similar results were

obtained from fibers contracting during the addition of
inorganic phosphate (Pi) corresponding to a product of
ATP hydrolysis. The effect of added Pi was to decrease

the amount of tension change and the magnitude of the
intensity change (data not shown) due possibly to a
reduction of the number of cross-bridges in the force-
generating state by shifting the equilibrium of a
phosphate-releasing step in the ATP hydrolysis reaction.
In contrast, when the fibers were in a rigor state, strong
o.scillations occurred in this reflection intensity in phase
with the tension, i.e., increased tension during the
stretch resulted in an increase in intensity and vice
versa (Fig. 26c). In a rigor muscle the myosin heads
are all firmly attached to actin in the same chemical

state, which may correspond to the end of states in the
ATP hydrolysis cycle. A control experiment using
relaxed fibers showed only very small oscillations in
this intensity, which can be attributed to a variation in
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Fig. 26 Length change of the muscle fibers and intensity
changes of the 14.5-nm meridional reflection in
one oscillation cycle, (a) Oscillatory length change
from either active fibers or rigor fibers, (b) A
change of the 14.5-nm intensity in the active state,
and (c) a change of that in the rigor state. In (b)
and (c) the data points were taken from the sum of
" 90000 oscillations in a total exposure.

the muscle thickness with stretch and release.

Although most of the myosin heads in an active
muscle are at different stages of their working stroke,

the application of a rapid length oscillation to the active
muscle fibers may allow the partial synchronization of
the behaviors of the myosin heads on a sub-millisecond
timescale. The observed intensity changes of the 14.5-
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Fig. 27 Schematic views of the possible behaviors of the
myosin cross-bridges in response to sinusoidal
length oscillation and of their mass projection
along the fiber axis, (a) In the active muscle, and
(b) in the rigor muscle. M-line located at the
center of the sarcomere is upward. A: thin
filament, M; thick filament and IVIH: myosin head.

nm meridional reflection are likely to be due to an

alteration of the projection of the mass of the population
of myosin heads along the filament axis. These could

be caused by a change in the conformation of the heads
attached to the actin filaments. Since there is no net

shortening during the oscillation, the structural change
produced in the releasing phase would be reversed in
the subsequent stretching phase. In a simplified model
shown in Fig. 27 a, the intensity increase during the
releasing phase could be accommodated by altering the
orientation of the attached heads (possibly the proximal

portion of the myosin heads) to almost perpendicular to
the fiber axis so that their mass projection is more

sharply localized on the 14.5-nm planes. The intensity
decrease during the stretching phase could be due to a
further tilting away from the isometric orientation,
resulting in a spreading out of their mass projection
along the filament axis. In contrast, in the rigor fibers
the intensity changes of this reflection occurred in a
reverse manner to those in the active fibers. If we

explain this reverse response in terms of a similar
mechanism by assuming that this reflection in rigor
also comes from attached heads, the average orientation

of attached heads in the rigor state is on opposite sides
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of the plane perpendicular to the filament axis, as in the
active state (Fig. 27 b).

Although Fig. 27 seems to be simple and plausible

models describing the behaviors of the cross-bridges
during length oscillations in the both states, for a

precise interpretation of the observed changes it would

be necessary to consider various factors, such as the

two-headed nature of the myosin heads, interference of
the diffraction from attached heads and free heads and

elastic changes in the structure of the thick filament

backbone.

In summary, our results reported here demonstrate

the excellent nature of the highly collimated undulator
beam from the Tristan main ring. Although the
expected flux was not attained in this short experimental

period, the present low emittance and relatively high

flux made it possible to perform not only a high spatial-
resolution study, but also high time-resolved studies.

The high spatial-resolution study helped provide an
important clue into the architechtural principle of the

myofilaments in muscle and the high time-resolved

experiments yield an insight into the relationship
between conformational changes and force generation

by actomyosin in muscle. These studies show a

preview of the expected gains for studies of small
biological samples as well as single muscle fibers from
more widespread use of undulator radiation at third-
generation synchrotron sources.

K. Wakabayashi, Osaka University and N. Yagi,

Tohoku University
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5.4 GROWTH CONTROL OF THIN FILMS BY

X-RAY STANDING-WAVE FIELDS

An X-ray standing wave has been used to analyze

the surface and interface structure. However, intense X-

ray standing-wave fields could be lattice-aligned

energy totally different from specially uniform energy,

such as heat or light. In this study, intense X-ray

standing-wave fields formed by Si substrate were
utilized in film growth control. Si or Ag film has been
grown on amorphous SiO^ films on a Si substratel).

We used a double-crystal monochromator of Si

Fig. 28 RHEED patterns after Si growth at 700°C come
from the non-irradiation area (a) and the irradiation
area (b).

400 reflection. The X-ray energy was about 11.5 keV.
The reflection plane of the sample was the 400 plane of

the Si(lll) wafer, which gives an X-ray standing-wave
field on the amorphous SiOj films on the Si substrate.

For Si-film growth, Fig. 28 shows RHEED
patterns after Si growth at 700 °C coming from the non-
irradiation area (a) and the irradiation area (b). While

the RHEED pattern of Fig. 28(a) shows the growth of
Si, the pattern of Fig. 28(b) shows that the surface of

the irradiation area is SiOj. These results mean that
photo-assisted Si desorption has been observed at

700 °C of the substrate temperature in the hard X-ray
wavelength region.

For Ag-film growth, the intensity ratio of the 111
and 200 reflections of Ag in-plane diffraction was

measured using energy-dispersive grazing-incidence X-



ray diffraction techniques. The intensity ratio of the
Ag-growth sample with X-ray standing-wave fields

was found to be different between the A from that
without X-ray standing-wave fields. This suggests that

the X-ray standing-wave fields slightly change the
preferred orientation of Ag films from free-energy
changes of nucleation.

K.Akimoto, Nagoya University and A.Tanikawa,

NEC Corporation
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5.5 TWO-PHOTON CORRELATIONS IN X-

RAYS FROM A SYNCHROTRON

RADIATION SOURCE

5.5.1 Introduction

An intensity-correlation experiment with visible
light was first demonstrated by Hanbury Brown and
Twiss." They ob.served that photons in a monochromatic
light beam from a thermal source did not arrive

completely at random, but arrived in bunches. Further,

this technique was applied to an optical stellar intensity
interferometer and the angular diameter of visible stars
was determined."' About twenty years after their
pioneering work, the observation of two-photon
correlations at synchrotron radiation (SR) was

proposed.'' Actually, the difference in the visible
photon counting statistics between SR from a wiggler
and that from a bending magnet was observed.""
However for the observation of such a phenomenon in
X-rays one had to wait for the realization of high-
brilliance SR sources. This is because the temporal and
spatial coherence conditions in the X-ray region are
much more difficult to fulfill than those in visible light.
This experiment may be applied to the determination of
the transverse SR source size of the third-generation
ring, which is approaching the diffraction limit.

Intensity correlation experiments are planned for such
purposes in the third-generation SR facilities.'"

5.5.2 Experiments

The experiment was carried out at a test SR

beamline temporarily constructed in the TRISTAN

l4 4keVXriy$
from undulaicx

loniziiiOA Si(n2 2) ggg
chamber

Bcim flux monitor

Si(220)

Precise slit

Si(422)

High energy fcsolulimi

monochromatoi

Fig. 29 Schematic side view of the experimental setup.

Main Ring (MR). The MR was operated at an energy
of 10 GeV in the 8-bunch mode. The ring current was
kept at between 9 mA and 5 mA during the experiment.
The brilliance of SR from the undulator was about lO"*

photons s"' mm ' mrad ' (().l%bw)'. The experimental
setup is shown in Fig. 29. X-rays from the undulator
were roughly monochromatized at 14.4keV by a
Si(4()0) double-crystal monochromator. Next, a high-
energy resolution four-crystal Si monochromator was

arranged. It comprises two channel-cut Si crystals
nested with each other, in which 422 asymmetric
reflections served as the first and fourth reflection and

12 2 2 symmetric reflections served as the second and

third reflections. Highly monochromatic X-rays with an
energy width of 6.4meV were obtained. This energy
width determined the temporal coherence of the X-ray
beam. The coherence time was estimated to be 0.66ps.

After the four-crystal Si monochromator a precise
slit was arranged, which determined the spatial
coherence of the beam. The intensity distribution of the
source was assumed to be Gaussian. The nominal

source sizes in the horizontal and vertical directions

were 169|im and 53)im, respectively. The transverse

coherence widths of X-rays in the horizontal and
vertical directions at a detector position located 100m
from the SR source were calculated as 14fim and
46|im, respectively. The optimum condition for the slit

size is that it is nearly the same as the transverse
coherence width. The vertical slit width was fixed at

40mm, while the horizontal slit width was varied from

20)im to 1mm. The blades of slits made of tantalum

metal were driven by stepping motors and their
positions were read by linear encoders. The slit width
was set to an accuracy of 1pm .

The Si 220 Laue case diffraction served as the

beam splitter. The thickness of the crystal plate was
4mm. The diffracted and transmitted beams were

incident on avalanche photo-diode detectors. A beam
splitter was necessary to make coincidence
measurements, since the time resolution of the detector

was longer than the pulse width of SR. We now consider
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Fig. 30 Block diagram of the photon counting system. 
Actually, three sets of a delay circuit, a 
coincidence unit and a scaler were additionally 
connected in series. 

the case that two photons relevant to the measurement 
are included in a SR pulse. Only when two photons in 
the same pulse are separated from each other by the 

splitter, is a coincidence event counted. If both photons 
are diffracted or transmitted in the splitter, no 
coincidence event is counted. 

A block diagram of the photon counting system is 
shown in Fig . 30. Output pulses from two detectors 

were fed into the coincidence unit , and then scaler I 
counted the number of coincidences . In the delay 
circuit the delay time for the output pulse from one 

detector was set at the circulation period of electrons, 
1 Oµs. Random-coincidence events between one photon 

emitted from a certain electron bunch and another 
photon emitted from the same electron bunch after 
making one revolution were counted at the scaler 2. It 

is essential to use the same electron bunch, because 
each bunch has a different number of electrons. 
Coincidence counts measured at scalers I and 2 were 

denoted by Rand R0, respectively. R was normalized 
by using R0 • To reduce statistical uncertainty of the 

random coincidence rate, it was counted between two 
photons separated at the intervals of 20, 30 and 40µs as 
well as I Oµs . 

5.5.3 Results and Discussion 

The total coincidence counts (R) and random 
coincidence counts (R0) were measured for the 
measurement times at five horizontal slit widths, and 
the values of the integrated second-order degree of 
coherence y2

' were obtained as the ratio RI Ro. Here, Ro 
is an averaged value of four random coincidence counts 
measured between two photons separated at intervals of 
I 0, 20, 30 and 40µs. 

Figure 31 shows the variation in the integrated 
second-order degree of coherence 12

' as a function of 

the horizontal slit width. The experimental results are 
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Fig. 31 Variation of the integrated second-order degree of 
coherence, (y21

) with the horizontal slit width. The 
error bars show the statistical errors. 

plotted as points with their associated statistical errors. 
The full line is the theoretical curve , which was 
calculated by using the nominal source sizes. The 
dotted straight line y<2

' = I shows the random 

coincidence level. The region above this level is 

considered as contribution from the excess coincidence 
rate. At a slit size of 20µm x 40µm the excess part is 

about four times as large as the associated statistical 
error. As the slit size increases , the value of y<2

i 

decreases, approaching I. At a slit size of 1 mm x 40µm 

121 is very close to I. The data and expected curves 

agree relatively well, giving clear evidence for the 
bunching effect of X-ray photons. 

When we calculated the theoretical value of "'/2', 
we treated SR as thermal light. Considering an 
agreement between the experiment and the theory, we 
can say that this assumption is valid. 

In summary the observation of two-photon 
correlations is made successfully for the first time in 

the X-ray region using high-brilliance SR source8
' . The 

unique method of obtaining y2
' is developed , in which 

the total coincidence count R is normalized by the 
random coincidence count R 0 using a circulating 
electron bunch. 

If a high-energy resolution monochromator with 
sub-milli eV becomes available, a more remarkable 
correlation effect will be observed. In this case, it may 

be possible to make the following applications. This 
technique will be useful for characterizing the source 
size of third-generation SR sources, just as Hanbury 
Brown and Twiss determined the angular diameter of 

visible stars. Further in studies of X-ray laser action 



beam diagnosis concerning the coherence at the

transition from an incoherent state to a coherent state

may be made.

S.Kikiita, Univ. Tokyo
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B. PF-AR (ADVANCED RING FOR
PULSE X-RAYS) PROJECT

1. INTRODUCTION

The purpose of the PF-AR (Advanced Ring for

pulse X-rays) project is establishment of a new
scientific facility utilizing "single bunch and high flux

synchrotron radiation in X-ray region" which is realized

by the reconstruction of the former TRISTAN

accumulation ring (AR). The project includes a renewal

of the accelerator (lattice, vacuum system, RE and

monitor systems etc.), construction of new experimental
halls, and bearnlines.

The scientific program based on synchrotron
radiation has spread over large field; material science,

chemistry, biology, engineering, medical application
etc., and these studies are realized by using following

distinctive characteristics of synchrotron radiation;

(a) High intensity

(b) Availability of wide energy range
(c) High Brilliance

(d) Linear or circular polarization

(e) Pulsed time structure

The characteristics (a), (b), and (c) have been used by

various experiments (XAFS, topography, small angle
scattering, structural analysis etc.) since the initial

operation of PF (1982). The polarization nature (d) has

been also recognized as an important characteristics for

experiments such as polarized XAFS, magnetic Bragg
and Compton scattering, magnetic circular dichroism.

Recently, the pulsed time structure (e) has played an
essential role in advanced SR experiments. For

example, Mossbauer speclroscopy has made a great
advance by the time-domain technique. The time of
night spectroscopy of ions or electrons created by pulse
X-ray photons has been applied to studies such as the

photo-chemical reaction or high resolution
measurement of 3-dimensional electron momentum

density by using Compton scattering process. On the
other hand, time-resolved structural analysis of protein

crystal during a photo-induced reaction was also

performed by the Laue method. The time resolution
was in the milli-second range in a moment. If we use
the high intense pulse X-rays at PF-AR (the pulse width
is about 100 psec and the interval of each pulse is 1.26
msec), it will be possible to investigate the dynamics
with the nano-second time resolution. Such

investigation of a dynamics will be done by XAFS and
small angle X-ray scattering to clarify what kind of the

electronic state and structure at the intermediate state of

the reaction. In order to advance these activities

further, we are eager to establish a new scientific-

facility based on "single bunch and high flux
synchrotron radiation in X-ray region".

The designed PF-AR accelerator is a single bunch
and high flux synchrotron light source; a dedicated

machine for single bunch operations with a high stored
beam current (6-6.5 GeV, 200 niA, single bunch).

Third-generation machines (ALS, ESRF, APS, and

SPring-8) have been already operating. These
machines are designed as a low emittance ring to get a
high quality of (c) High Brilliance characteristics. On

the other hand, the present PF-AR project is designed
to emphasize (e) Pulsed time structure and (a) High
intensity.

Figure 32(a) shows llux spectra on a single pulse

from the PF-AR (200mA) and Photon Factory (50mA).

The PF-AR will provide 10" photons/pulse at a sample
position (the focused beam size is about 0.5 x 0.3 mm')

with the energy resolution of 10 at lOkeV. The

intensity of the above pulse X-rays would be sufficient
to clarify what kind of the electronic state and structure

at the intermediate state of the reaction by using X-ray
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Fig. 32 (a) Solid (dotted) lines correspond to flux spectra
on a single pulse from the insertion device beam
lines and bending magnet beamlines at the
Photon Factory (50mA) and the PF-AR (200mA).
(b) Flux spectra from the PF-AR (200mA) (dotted
lines) and Photon Factory (300mA) (solid lines).

scattering and/or XAFS experiments even in a single
shot, because the typical value of the reflectivity of X-
ray diffraction from the sample would be -10 '̂ . The
PF-AR light source also would be attractive for studies
based on time domain measurements like Mossbauer

spectroscopy and time of flight spectroscopy of ions
and electrons created by pulse X-ray photons.

The PF-AR will bring not only a single bunch X-

ray source but also a high flux hard X-ray source.
Figure 32(b) shows usual flux spectra from the PF-AR
(200mA) and Photon Factory (300mA) at natural

operation conditions. As shown in this figure, the PF-
AR will provide almost one order of magnitude (or
more) higher flux than those from Photon Factory at a

hard X-ray region (>10 keV). The high flux enables us
to measure an weak X-ray scattering phenomena like a

magnetic scattering, structural analysis under extreme
conditions (like a high pressure, surface etc.), and also
to establish a medical application like "Coronary
Angiography".

2. SCIENTIFIC PROGRAMS

The beam lines proposed for the PF-AR project
are listed in Table 6. Among these some of the
experiments are mentioned briefly.

Table 6 List of proposed beam lines in PF-AR project

Time-resolved protein crystallography
Time-resolved XAFS

Time-resolved small-angle scattering
Photochemistry and Photobiology
Nuclear resonant scattering/spectroscopy using pulsed X-rays
Compton sattering

Medical imaging
X-ray diffraction under high pressure and high temperature
Charge, spin and orbital structure analysis by X-ray diffraction
Inelastic X-ray scattering
Magnetic circular dichroism in soft X-ray
XAFS in high-energy region
X-ray diffraction with high-energy photons
X-ray optics
Development and characterization for detectors

Timc-rcsolvcd protein crystallography
Biological activity is invariably accompanied by

changes in structure in which atoms, groups of atoms or
domains which move very rapidly under near-

physiological conditions. But macromolecular
crystallography provides space- and time-averaged

structure alone. Here, time-resolved crystallography in
less than a micro second is planned in order to clarify
the mechanism of reaction of biological
macromolecules by combining time-structure of PF-AR

and Laue diffraction.

The design of the beam line is progressing now,
whose preliminary design is shown in Fig.33. Here not
only the Laue diffraction but also monochromatic large

angle oscillation techniques(LOT) are used aecording
to the research aim.

Time-resolved XAFS

Chemical reaction is always accompanied by
changes in structure and electronic state. Many
chemical reactions, including biological one, have been
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Fig. 33 Preliminary design of the beamline for Time-
resolved protein crystallography

studied by using many physicochemical methods. But
their information is rather indirect or speculation

derived from the initial and final structure, thus the

direct structural information on reaction intermediates

is very limited. Here time-resolved XAFS experiment

is planned in order to clarify the structural and

electronic change of molecules in the time-resolution of

less than micro second. The experimental result will
indicate the reaction mechanism, which will suggest the
new reaction routes.

Time-resolved small angle scattering
Small angle X-ray scattering (SAXS) is used to

study the nano-scale structure of materials such as

macromolecules, polymers, alloys, and liquid crystals,

as it gives the information on electron-density
distribution of the materials in a scale of nano-meter to

micro-meter. By using the high intensities of
synchrotron X-ray radiation, the dynamics of the nano-

scale structure can be studied with a time resolution of

a few milliseconds by the method of time-resolved

SAXS. When the single bunch property of PF-AR is
utilized, time resolution can be improved further to the

order of microseconds, which is quick enough to pursue

the structural change of enzymes in solution during the
reaction and of proteins under folding and re-folding in
real time mode. This will enable us to reach the better

understanding of the "mystery of life". The structural

changes not only of the macromolecules, but also of
metallic alloys and polymers under phase transitions
can be studied with time-resolved SAXS.

Nuclear resonant scattering/ spectroscopy by using pulsed X-rays

Nuclear resonant scattering process can be separated

from the scattering by atomic charge, when the time
gate technique is used. This is due to that the X-ray

pulse width (-100 ps) is quite shorter than the lifetime

of Mossbauer levels (-10 ns), and the charge scattering
is instantaneous with the SR flash. Such experimental
method has been developed in the Photon Factory by

using the single-bunch machine-AR. The quality of

experiment will be much improved by the increase of

beam current, lifetime and stability in this project.

Some applications which cannot be studied with
conventional Mossbauer spectroscopy, such as small

samples, linear or circular polarized gamma rays,

nuclear excitation in gaseous or liquid states, will be

also studied in this beam line.

Compton scattering

It is possible to obtain the information on the three

dimensional momentum distribution of electrons in

solid by measuring the energies and directions of both
Compton scattered X-ray photon and the recoil electron

simultaneously. The energy of the electron can be

measured by using a time-of-flight technique, which
can be realized by single bunch property of PF-AR.
Studies on the minute electronic state variation

accompanied by the phase transition, determination of
Fermi surface of complex or disordered system can be
realized.

Medical imaging
A two-dimensional imaging system for

intravenous coronary angiography is developed in the
Photon Factory. First patient examinations were done

in 1996 at AR NEl, a MPW beamline. and got many

useful clinical information on the patients. It will be
possible to do more practical examinations using SR
from the high-current AR, and a dedicated station to

medical applications. It is strongly demanded by the
medical community. Also the clinical application of
intra-arterial angiography to evaluate small vessels for
cancer and high resolution monochromatic X-ray CT is
to be developed.

3. NEW EXPERIMENTAL HALL

The construction of new experimental halls is an
essential point of the PF-AR project. Figure 34 shows
the plan view of the PF-AR. The shaded areas
correspond to present buildings of an experimental hall
(North-East part of the ring: NE-experimental hall) or
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Fig. 34 Plan view of the PF-AR. The shaded part
corresponds to present buildings, and the hatched
part corresponds to new experimental halls. The
thin (thick) lines are those which are already
constructed (under planning). The solid (dotted)
beamlines are insertion device (bending magnet)
beamlines.

that which can be reconstructed to an experimental hall
(North part of the ring; N-experimental hall). The
hatched areas correspond to new experimental halls
(North-West and South-East parts of ring; NW and SE-
experimental halls). As shown in this figure, two
insertion device and two bending magnet beamlines
have been already constructed in the NE-experimental
hall, and there remains just one bending magnet
beamline to be constructed. Even after the N-

experimental hall is reconstructed, just one insertion
device beamline can be installed. It is impossible to
realize so many scientific programs as mentioned at the
preceding section without constructing new
experimental halls. As shown in this figure, two
insertion device and two bending magnet beamlines
will be constructed in the NW-experimental hall.
There are several preparation rooms for the sample,
detectors, and electronics etc.. In the SE-experimental
hall, at least one insertion device beamline will be

construeted. This hall also makes it possible to access
to a small room (triangular shape one) which has been

already constructed in a ring tunnel. One more insertion
device beamline can be constructed in this area.

4. LIGHT SOURCE

The AR was built as a booster of the TRISTAN

main ring in 1984, and its application for synchrotron
radiation experiments started in 1987 using interval
time between injections for the main ring. At present,
the TRISTAN project has come to completion, and
construction of the new B-factory project has started.
Since the beams of the B-factory rings will be injected
directly from the upgraded linear accelerator, we are
planning to use the AR as a dedicated machine for the

synchrotron radiation experiments.
In the original design, an electron energy of

6.5GeV and a beam current of 200mA in the single
bunch mode were proposed, however, several problems
were found by the task force. In the project, resources
of the present AR have to be used as much as possible
considering the available manpower and budget.
However, the lattice and the vacuum system including
the beam monitor system should be optimized to a
dedicated light source. Furthermore it is difficult to
change the lattice or the vacuum system after
commissioning, therefore, it is desirable to renew them
in the first phase of the project. On the other hand,
since renewal of the RE acceleration system and the
injection system is relatively easy, improvement of
these systems may be done in the second phase. The
electron beam is accelerated by 8 APS cavities in the
present AR. If the intense single bunch is accelerated
by them, the higher order mode (HOM) loss becomes

comparable to the radiation loss, therefore, the number

of the cavities have to be minimize. We will use 4-6

APS cavities compromising the required RE voltage
with the HOM loss as shown in RE system. Since it is
insufficient to accelerate a single-bunched electron
beam with 6.5GeV and 200mA with the new RE system
with the reduced number of cavities, we decided to

decrease the electron energy down to 6GeV considering
that the required photon energy range is covered with
improved insertion devices. The energy and the beam
current of the original design would be realized in the
second phase of the project with damped or
superconducting cavities that we have been developing
at KEK.

Injection of the beam into the ring will be done
with the present 2.5GeV injection line for electrons and
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Table 7 Parameters of PF-AR

Energy E=6.0Gev Radiation damping time
Lattice type FODO Hor. T,=2.345ms
Circumference C=377.26m Ver. Xy=2.348ms
Bending radius p= 17.825m Long. x.= 1.175ms
Bending strength B=1.122T RF frequency f«P=508.58MHz
Revolution frequency f=0.794657MHz Harmonic number h=640
Energy loss per turn U„=6.34MeV RF voltage V,p=15MV
Emittance e=159nm Synchrotron tune V =0.041

Momentum compaction RF bucket height (Ap/p),p=0.0122
factor a=0.007 Bunch length o,=12.73mm

Betatron tune Energy spread a =0.00122

Hor. V =12.72

Ver. v=6.45

the beam will be accelerated to 6GeV. According to
preliminary investigation, instabilities are not severe
and the Touschek lifetime is sufficient at the injection
energy of 2.5GeV.

The main parameters of PF-AR are shown in

Table 7.

Lattice

We have been investigating feasibility of several
lattice configurations. We concluded that the following
improvements are optimum to our purpose.

i) 15m long free spaces for insertion devices will
be secured in the east and west long straight
sections changing the arrangement of
quadrupole magnets in these sections.
Symmetry of the lattice from the mirror
symmetry suitable for a collider will be

changed to the rotational one which is adequate
to a light source.

ii) The bending magnets will be shortened in order
to make a space for vacuum components and

beam monitor electrodes. Each bending magnet
can be divided into two pieces; a pole-piece
with an upper yoke and a pole-piece with lower
yoke, in order to make maintenance of

beamlines easy.
iii) We make use of dipole windings on sextupoles

in stead of present vertical steerers in order to
make free spaces in short straight sections.

These improvements ensure free spaces between
magnets, give freedom into design of the vacuum
system and the beam diagnostic devices and improve
their maintenancability. These advantages are quite
important for a dedicated SR machine. The emittance

Fig. 35 Lattice of PF-AR

of 160nm of the lattice is not so large compared with
that of the 2.5 GeV PF ring before the upgrade project
underway.

The lattice of PF-AR and the normal cell are

shown in Fig. 35 and Fig. 36, respectively.

Vacuum Svstem

As mentioned before, the renewal of the vacuum

system is essential for the project. Features of the
system are;

i) The system can handle the single-bunched beam
with 6GeV and 2(X)mA or a beam with

6.5GeV and 100mA safely.

ii)It ensures a lifetime of 900min.(Touscheck
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f
Fig. 36 Normal cell of PF-AR

BEAM

Cooling Water Pumping Slit

BPM Eiectrode

Fig. 37 Examples of the vacuum duct designs. Cross
section of B-duct (top), and Q-duct (bottom).

lifetime is sufficiently long.)
We are now designing a beam duct with special cross

section to absorb intense SR safely. An example of the
duct design is shown in Fig. 37.

RF Acceleration System
In the first phase, we will install 2 or 4 cavities in

the east and west long straight sections(total 4-6

cavities). These cavities are powered by 2 klystrons in
the east and west support buildings (total 2 klystrons).
It is impossible to improve the beam current increasing

the number of the cavities. We will introduce a

temperature controller for cooling water of the cavities
in order to stabilize the beam. HOM dampers and input
couplers might be improved in this phase.

Injection

We will divert the present 2.5GeV injection line
for electrons in the south-east straight section and their
power supplies. Though the present system handles the
beam with the energy up to 3GeV, we have to accelerate
the beam after injection, anyhow. It is possible to inject
a 6GeV beam at the south-east straight section
reinforcing the beamline magnets, however, it is not
economical. The full-energy injection at the south-west

straight section is a future subject.

5. TIME SCHEDULE

The PF-AR project will be done from 1998 to
2000 for 3 years as shown in Fig. 38. It consists of the
renewal of the accelerator, constructions of the new

experimental halls and the beamlines. It must be
scheduled to minimize a shut down period as short as
possible, in order to keep the present activities, so that
the construction will be divided into two steps. As the
first step, which corresponds to 1998-1999, the
components of the accelerator will be designed and
prepared. On the other hand, the N-experimental hall
will be reconstructed and one insertion devise beamline

will be installed at this period. At the second step,
which corresponds to the end of 1999-2000, the
components of the accelerator will be installed at the

ring, and we have to stop the operation. At the same
time, the new experimental halls; NW-, and SB-

experimental halls, and three insertion device beamlines
and one bending magnet beamline will be constructed.



Year 1998 1999 2000 2001 2002

Accelerator

Designing and pieparing

Construction

Experimental hall

Reconstruction of
N-Experimental hall

Commissioning and Operation

Construction of
NW- and SE-Experimental halls

ID beamline for N-Experimental hall

Beamlines

Three ID and one Bending magnet beamlines
for NW- and SE-Experimental halls

Fig. 38 Time schedule of PF-AR. Dotted line indicate the periods of the designing, preparing, and commissioning. Solid
lines indicate normal operation.

C. SLOW-POSITRON SOURCE

A slow-positron dc beam was successfully
obtained from a pulsed slow-positron beam utilizing
Penning-trap electrodes. Each of the electrodes is a 50-
mm-long cylinder with an inner diameter of 64 mm.
which is slightly larger than that of a beam duct of 60
mm in order to avoid any beam loss during the trapping

process. The necessary voltage waveforms for each of
the electrodes were generated by programmable

function generators with the aid of voltage amplifiers.
Several experiments were performed at the PF

slow-positron source: energy-distribution measure

ments by the time-of-flight method (TOP) of the
positronium (Ps) emitted from single-crystal insulators,

rare-decay measurements of Ps for the verification of
quantum electrodynamics (QED), and brightness-
enhancement measurements of the slow-positron beam.

As an example of the obtained results at the PF
slow-positron source. Fig. 39 shows the preliminary
result of a Ps TOP spectrum from single-crystal quartz.

Two energy peaks are clearly resolved, which
correspond to Ps energies of 3.3 and 0.8 eV,
respectively. Although the 3.3 eV peak had already
been reported by Sferlazzo et al., the 0.8 eV peak was
identified for the first time by the present

measurements. This 0.8 eV peak might be due to a

arrivaJ umeof a pulsed-posiuon beam

-200

3.3 eV

0.8 eV

200 400

timefns]
600 800

Fig. 39 Positronium (Ps) time-of-flight (TOP) spectrum
measured at a distance between the sample
surface and the annihilation y-ray detector of 135
mm.

thermalization process of the Ps.

In accordance with the 2.5-GeV-linac upgrade
plan relevant to the KEKB project, we must relocate
our PF slow-positron source to the 1.5-GeV point of the
upgraded linac. We shut down our facility at the end of

1996 and started to relocate it to a new place. Although
this relocation will take more than eight months, we are

also planning to install a dedicated linac for slow-
positron utilizing only the remnants of the present 2.5-

GeV linac smartly.
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Fig.40 Schematic layout of the FEL beam line.

D. VUV FEL

An FEL gain measurement at 213-nm wavelength
is underway at the beamline BL-2. For the gain

measurement, we need to make overlapping between

the electron bunches and the laser-beam pulses in both
the space and time domains. In order to adjust the
spatial overlapping, we developed a special profile
monitor which can watch both electron beams and laser

pulses. It comprises a movable pinhole and a compact

monochromator system. Since a long-wavelength

component of the spontaneous emission has a large
angular divergence, it scatters around the beam pipes.
Such a component can be rejected by the

monochromator system. Using this profile monitor, we
measured both profiles of the spontaneous emission

and the laser beams at two locations on the FEL

beamline, 7m apart from each other. Figure 40 shows a

schematic layout of the FEL beam line. A spherical
mirror system was used to focus the light at the
downstream profile monitor (referred as B) in order to
improve the position resolution. The position of the
laser light was adjusted to that of the spontaneous
emission using mirrors and SiO, parallels. Figure 41
shows the thus-obtained profiles of the spontaneous
emission and the laser light at the locations of A and B,

respectively.
A timing system used to coincide the laser pulses

with the electron bunch has been developed. Because
the laser pulses and electron bunch are both short

(about 100 ps), a streak camera was adopted for the
system. A trigger signal for the laser pulses (repetition

Monitor B (horizontal profile)

Sporitai eous emission"

cente =99;9±i3

5 :i96.3tl3 4uni

Laser light (213nm) o*
con t«t=70.0± '.6tiTn

o=233.9±t,2iim

-200 0 200

position ((im)

Fig.41 Typical measured profiles of the spontaneous
emission and the laser light.
(A) Vertical profile at the monitor B.
(B) Horizontal profile at the monitor B.

rate : 50 Hz) was synchronized with an rf frequency of
the ring. The delay of the trigger was then adjusted so
as to coincide the laser pulses with the electron-bunch

passages. Figure 42 shows images from the streak

camera during this experiment. At the present time, the
accuracy of the timing adjustment is limited by an
existing jitter of laser pulses, which would spoil the
accuracy of the FEL gain measurements. A system

which can reduce the timing jitter of the laser pulses is
under development.



Laser light

Spontaneous
ejrdssbn

Hoxizonted position at tiie entrance of streak camera

(B) After timing adjustment.

Horizontal position at the entrance of streak camera

Fig. 42 Image from the streak camera.
(A) Before timing adjustment.
(B) After timing adjustment.

E. KEKB

1. PROGRESSIVE STATUS

Fiscal 1996 was the third year of the five-year
reconstruction program of the KEKB injector. At the
end of 1996 a new extension of the 2.5GeV-linac

building was completed on schedule and installation of
linac devices was started in a new building, which
includes a new gun room and sectors A, B and C.

In sectors 1 through 5 all 38 accelerating units had
their rf-compression system (SLED) attached and their
klystrons and modulators upgraded by March, 1997.
The rf drive system in sectors 1 through 5 was also
upgraded using a newly developed sub-booster
klystron. An energy gain of 160MeV/unit on the

average has become possible.
An upgrade of the beam-transport system in

sectors 3 through 5, corresponding to the beam-energy
increase, was completed during this period. A trial use
of the beam-position monitors was also started. A
simulation study to improve the beam-transport is in

progress.

Control-system improvements, including new

hardware development and software renewal, are being
continued.

The beam switchyard at the end of the linac was
completely dismantled, except for the beam-transport
system for the PF storage ring, followed by surveying and
settling new base plates for the new KEKB beam lines.

2. PERFORMANCE OF THE SUB-BOOSTER

KLYSTRON

The KEKB-project requires an energy upgrade of
the PF-linac from 2.5GeV to S.OGeV; the development

of an rf source is a key issue in this project.
The 60 kW-pulsed driver klystrons (sub-booster

klystron; SBK), which feed the rf driver power to 8

newly developed 50-MW klystrons under the SLED
mode operation, had been designed and manufactured
through a collaboration between KEK and MHI
(Mitsubishi Heavy Industries), since no commercial
tubes were available. Up to the end of the FY95, 5

SBKs had been manufactured, including the first

prototype klystron. The design principle and
specifications were reported in the previous Activity
Report.

According to the manufacturers tests, an output

power of 80 kW and an efficiency of about 40% were
obtained at an applied beam voltage of 25kV. These

test results satisfied our specifications. On the other
hand, some discrepancies between the design and real
performance were observed, especially the focusing-
magnetic field profile greatly deviated from the
designed value. This resulted in a very high gain of

more than 70dB under this focusing field.
In an operation test of the SBKs from the

beginning of 1996, unstable performances were found
in some tubes. From the winter in 1997, prior to the

SLED operation of the 2.5-GeV linac section, we
started to re-test all of the SBK tubes in order to survey

these unstable performances. All of tests were
performed again in the test bench. The re-test
comprised a power-waveform measurement and a
phase measurement at the flat top of the pulse; in the
SLED mode the phase of the drive pulse is shifted by



180 degrees in the flat top of the pulse. A summary of
the re-test and operation results is as follows:

(1) It became easy to find the unstable operation

point by observing the phase-detector output.
(2) It was shown that the most stable operation was

realized with an applied magnetic field near to

the designed value. The peak power and the gain
at this condition were less than those at the

previously tuned point, and the obtained output
power was in the range of 60-70kW and the gain

was about 60dB.

(3) It was found that in some tubes, even though the
output power waveform was normal, the output

phase showed an instability. Therefore, utilizing
the phase detector was very useful for adjusting

the tube performance at a proper operation point.
(4) Since a rather large VSWR (from 1.2 to 1.4) was

observed in each output coaxial line in the

klystron gallery, the test-bench results were not

perfectly reproduced due to the load

characteristics of the klystrons. It is necessary to
measure this load dependence on the output
power by measuring the Rieke-diagram

experiment.
(5) It might be necessary to slightly change the

design so as to eliminate the unstable operation
point in the future.

(6) Operation (microwave processing operation) for
the entire 2.5-GeV linac section with the SLED

mode was conducted and the performances of the

sub-booster klystrons after tuning were
satisfactory.

Figure 43 shows the waveform of the applied
voltage and the beam waveform of the sub-booster

klystron. Figure 44 shows the power waveform and
phase of the SBK output.

3. DEVELOPMENT OF A DUMMY LOAD

In KFKB, according to the rf source upgrade,
high-power rf (5MW klystron output, 4ps pulse width,
50pps repetition rate and SLFD mode) is fed to a
dummy load at the end of the accelerator guide. Since
the present dummy load is directly water-cooled, any
cooling-water leak trouble due to damage to the SiCs is
apprehended. Thus, a new high-power dummy load has
been developed on the basis of a SiC brazing technique
developed by the JLC group and Mitsubishi Heavy
Industries. The JLC-type dummy load uses button-type

T«K Run: 20MS/S Sample

Fig. 43 Waveforms of the applied voltage pulse (top) and
the current pulse (bottom) of the SBK.
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Fig.44 Waveforms of the power (top) and phase (bottom)
of the SBK output.

SiCs that are brazed on the H plane of the waveguide at
an interval of about a quarter wavelength, and are
indirectly water-cooled. In order to save the length and
production cost, the configuration of the SiCs was
designed so that the total rf power can be absorbed, not
by one way, but by going back and forth between the
entrance and end of the dummy load. The cross sections
of the dummy load are shown in Fig. 45.

The interval of SiCs and the distance between the

end plate and the SiC (#9, see Fig. 45) were determined
by a cold test so as to have a small reflection and a
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Fig.45 Cross sections of the dummy load.
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Fig. 46 Reflection characteristics of the dummy load.
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Fig.47 Electric-field distribution in the dummy load
measured by a bead pull method.

uniform decrease of the rf power. The reflection
characteristics and electric-field distribution along the

axis are shown in Figs. 46 and 47, respectively. In order
to evaluate the effect of the scatter of the complex
dielectric constant of SiC on the rf characteristics, 8 and

tan 5 were measured by the reflection method for some
samples. It was shown by cold tests that the effect is
negligibly small. A high-power model has been
fabricated (Fig. 48) and tested. The results show that
the dummy load can stably absorb the high-power rf
(13MW klystron output, 4ja.s pulse width, 50 pps
repetition rate and SLED mode).

The dummy load which had been used for the rf

Fig.48 Photograph of the high-power dummy load.

linac (direct water cooled) was also high-power tested,

and a fine result was obtained. Thus, it will be used

until new dummy loads have been fully installed.

4. SIMULATION STUDY FOR IMPROVING

THE ENERGY-SPREAD OF THE

POSITRON BEAM

The beam energy-spread at the end of the injector
linac is required to fit the small energy acceptance of
the KEKB linac-to-ring beam-transfer line; dE/E <

-i-/-0.25%, which is almost half the present value. The
intrinsic energy spread of the positrons will be larger

than the acceptance, due to a large phase spread in the
rf acceleration for the following reasons: (1) the long

bunch length of primary electrons due to the space-
charge effect in the rf-bunching process and (2) bunch
lengthening of the positrons in solenoidal focusing.

The first problem can be cured using the bunch-
length compression system (BCS), which works as an
emittance transformer in the bunch-length/energy-

spread phase plane. Figure 49 shows a schematic view
of the BCS. The bunch is compressed at the chicane,
which lets the tail of the bunch catch up with the head.

The path-length difference at the chicane is made with
the energy gradient in the bunch by accelerating the

The acceleration section makes
the energy gradient in the bunch.

Panicle energy
higher. • lower,

The chicane makes the palh difference
according lo the particles energies.

Tne bunch tail catches up
with the head.

Fig.49 Bunch-compression system layout.



beam slightly off the crest of the rf wave. Figure 50

shows the simulated phase-space transformation, which
resulted in successful bunch compression. The details
of the simulation will be described later. Even though

the primary electrons will have a larger energy spread
due to off-crest acceleration, it is acceptable as long as

the focused spot size on the target is small enough,
since the energy spread of the generated positrons is

quite insensitive to the primary electron energies.
Even with successful bunching of the primary

electrons, the final energy spread of the positrons will
not be sufficiently small. To improve the spread, the

energy-spread compression system (ECS) will be used
at the end of the linac. The ECS makes the energy

spread smaller by a phase-space transformation, as
shown in the Fig. 51. The bunch is lengthened at the

ECS chicane with its own energy spread. Subsidiary
acceleration after the chicane compensates the energy
gradient to make the energy spread smaller. Though
the positron beam has a long bunch length, it is
acceptable as long as it is less than the longitudinal

acceptance of the storage ring.
To estimate the improvement of the energy spread
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Fig. 50 Phase-space transformation by BCS.
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Fig. 51 Phase-space transformation by ECS.
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Fig. 52 Simulated energy spectra of positrons.

with these systems, we performed a detailed Monte-

Carlo simulation of the particle motion in the bunch-
length/energy-spread phase space, not only at the BCS
and ECS, but all through the linac. In our simulation,
the following items were taken into account: (1) the
space-charge effect in the rf bunching of the electrons
estimated with the PARMELA code; (2) the rf phase
spread due to the particle distribution in the bunch; (3)
the pulse-to-pulse jitters of the rf phases, the
accelerating field strength and the injection timing from
the pre-injector as well; (4) the phase-space deformation
by the longitudinal wake field; (5) the positron-
generation process in the target material with the EGS4

code; (6) the de-bunching effect in the solenoidal
focusing and (7) the phase-space transformation by
BCS and ECS with a precise path length calculation.
Figure 52 shows the estimated energy spread of the
positrons with and without BCS and ECS. The spread
is expected to be improved so as to fit the required
energy acceptance.

5. CONTROL SYSTEM

5.1 Overview

For the KEKB project, many components of the
control system have been improved in order to make it
reliable. Some of them are already used in normal
operation.

Device controllers for accelerator equipment were
also re-configured so as to support an increased number
of devices and advanced control functions. Although a
standard controller is not defined to cover all devices,

an UDP connection capability over Ethernet is required
for each controller. PLC, VME, VXI, CAMAC and old

controllers are used to meet their equipment-dependent
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Fig. 53 Physical configuration of the control system. TCP and UDP based RPG protocols are used for distributed controls.

requirements as shown in Fig.53.
For the rf system, VXI-based measurement

stations are being installed. Controllers based on PLC

(programmable logic controller) were also developed
for new klystron modulators. Most of the old
modulators continue to use old controllers based on

SBC (single-board computer).

For the new magnet power supplies and for all of

the vacuum devices, PLC-based controllers are being
installed. Some of them are already available and give
satisfactory performance. Old magnet power supplies
are served by old controllers.

VME-based measurement stations were employed
for beam instrumentation, and CAMAC controllers are

being installed at timing control stations. Advanced

software is under development.
Since there exist several different controllers for

the same purposes, server software for each equipment
class has been developed and used to hide such
unnecessary differences and to serve essential controls.

Those services are provided for the operator

console system and other applications, through simple
RPC (remote procedure call) on the TCP network.
While this protocol serves client systems in the linac,
KEKB ring requires the channel-access protocol, since

EPICS was employed at the ring controls. Thus, a
gateway, what is called the CA-server, for linac devices,

is being developed to provide controls to EPICS clients.

5.2 The New Vacuum Control System

With the KEKB project, an increase in the number
of vacuum components (ion pumps, gauges, valves.

to Vacuum
Components

xm

-Manual SW

for Valve

Analog Ouipul
(for Recorder)

Fig. 54 Outline view of the new vacuum controller.

etc.) has been required, about 50 percent more than

before. We need to rejuvenate the controller for them,
so as to accept the increase and to adapt them to the

linac control system, which is also being gradually
upgraded. Maintenance is another reason for the

renewal.

The new controller includes a Yokogawa
programmable logic controller (PLC) as a main device

(Fig. 54). Each set of PLC comprises a CPU module,
ADC modules, digital I/O modules, and an Ethernet

communication module. A touch panel is installed in
front of the controller for local operation. For operating
valves, manual switches have also been prepared. They
are available even when the PLC is in trouble, since

they are not related to the PLC. One controller is
responsible for about 30 pieces of vacuum equipment
(Table 8), which are distributed over four accelerating



Table 8 Number ofvacuum parts connected at one controller.

ordinary max.

Ion-pump controller 12 12

Penning-gauge controller 2 5

Valve (pneumatic) controller 2 5

Valve (manual) 8 8

The vacuum controller is connected to the upper

level of the linac control system via an Ethernet
network. The Ethernet line is directly bound to the

PLC module. Between the PLC and the linac control

network, we set a computer (Windows NT PC), named
"device manager (DM)". All of the vacuum data are
accumulated there once, and are then arranged and

served to the upper level of the control network
(Fig. 55).

The new controllers will be applied for an
extended part of the linac as well as for the existing
part. The replacement of old ones was finished by
March 1997. A total of 20 controllers will be

operational at the final phase.

Controller

(PLC)

Vacuum
Equipments

Linac Control System

Gateway
(Device Manager )

Openior i
Console

5
Ethernet

Fig.55 Network layout around the vacuum control system.

6. STRIP-LINE-TYPE BEAM-POSITION

MONITORS

In the KEKB project, non-destructive beam-
position monitors are indispensable for providing
stable, high-quality beams. This is especially important
to suppress transverse wake fields in the accelerating
structure, which can be strongly excited by high current
beams. Thus, strip-line-typc beam-position monitors
were designed and arc being installed.

During the summer shutdown in 1996, about
twenty monitors were installed in the first two sectors.
Originally, the read-out system was designed to employ
shaping amplifiers and ADC's. However, because of a
budget shortage it was planned to utilize digital
oscilloscopes (Tektronix TDS680B) instead, which

Oscilloscope
(5GS/sec)

Combiner

16ns Delay x 4

Righ

1st BPM 2nd BPM

Beam

1sl BPM

Combiner

16ns Delay x 4

Fig. 56 Signals from the beam-position monitors are
summed with rf combiners and fed to

oscilloscopes.

were installed to observe the signals from wall-current
monitors.

In order to read signals with limited oscilloscope
channels we summed up several signals with rf
combiners. The length of the cables from the monitors
to four monitoring stations in these two sectors was

carefully arranged to be equal, and appropriate delay
cables were added to vertical-position signals. Those
made signals from the monitors along the linac to be
distributed along the time axis on oscilloscopes, as
shown in Eig. 56.

The internal functions on the oscilloscopes were

used to average the signals and to measure the peak-to-
peak pulse-height values. VME computers at each
station took data through the GPIB and transferred

them to UNIX servers. A visualization tool was made

with software called tcl/tk to display the positions and
beam intensities, derived in UNIX.

This system helped beam studies during this
period. It was found that this system gave reliable
beam currents, as well as beam positions, compared to

wall-current monitors, which show the position

dependence. However, since it took ten seconds to read

all of the positions, it is planned to calculate the values
on VME computers, instead of utilizing oscilloscope
functions, to improve the speed.
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