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n1eOsirisPrQjectwillexploreUlepossibilitiesibrcoldneutronsonpulsedsollrcesusingaversatileapproachthatwill
allowstructuralanddynamical studiesofcondensedmatterbyseveralmethodsrangingiromunpolarisedneutroll
scatteringtofilllpolarisationanalysis・TheillstrumentissituatedattheendofasupemlilTorguidewithafinalcoIIverging
sectionnlefirstoptionstobeimplementedarealargepowderdifiractiondetectorinnearbackscatteringgeometly.and
amultipleclystalanalyserwiUlitscorrespondingdetectorsininveltedgeometIy.MollteCarlosimulationsoftllelleutrbll
guidewillbepresented.

KEYWORDS:Neutron lnstrumentqtion,ComputerSimulotions,PolorisedNeutrons

Thenrsttwopllasesarealreadyatanadvancedslage,with

P""eノreaChingcompletionbytheendofAprill996and

P/1"e"duringthelastcycleofl996,withthefirstneutron

dimactionpatternsbeingrecorded. Thefirst stagesof

P/7"eJ"areatanadvanceddesignstage.

TllispaperwillgiveabriefdescnptionofP"ses"and

I"andthenconcentrateinthedesignoftheneutronguide.

§.1.1ntroduction

TheOsirisPrqjectwillexploretheinstrumentalhorizolls

availablewiththecoldneutronsfromapulsedsourceand

especiallythetotallynewavenuesavailabletopolansed
neutronsonthesesources. PulsedneutronsourcesoHer

opponunitieswhich reactor facilities cannot. Some

instrumentswitllpartiallypolarisedincident-beamsand

filllpolarisationanalysisexistonreactorsourcesbutwilh

modest resolution. However on pulsed sources,

polarisation techniquesoHergreat potential fbrhigh

resolutionstudiesandonlylackofopportunityllaslefithe

fieldunexploited. The fimdamentallynovelmethods
9、

developedonIRIS''willbecombinedwithprovenand

extendedneutronpolarisingtechniques. Thepioneering
workofEndohandcollaborators2)hasdemonstratedthe

feasibiliWofopticalpolarizationfbrcoldneutronson

pulsedsources,andthehighfluxavailableatlSIS,coupled

totheadvanceddesignoftheOsirisguidewillprovidethe

meanstotakethisfieldtoitsnextevolutionalystage. By

exploitingthecombinationofshalppulses,whitebeams

and cold neutrons from lSIS, high resolution

measurements,bothdynamicandstmctural,canbecarried

outusingbothunpolarisedandpolarisedneutrons.

TheOsirisPrqjectisaninternationalcollaborationwilh

theparticipationoflndia,Spain,Sweden,Switzerlandand

theUnitedKingdom. Duetoitsopcncharactermore

countrieshavealreadyexpressedUleir interest, suchas

Italyfbrexample,whoareexpectedtojointheprQjectin
thenearfilture.

Theprqecthasthreewell-definedphases:
。PIIqseノ

-Extractionofasecondcoldbeamguidefromthe
IRISbeamline

。P/7qse"

一一Larged-spacingpowderdiffraction

一一Incidentbeampolarisedpowderdim･action
。P/7qsel"

一一Highresolutionspectroscopy

--Spectroscopypolarisationanalysis

--Dimactionpolarisationanalysis

§.2.DCsign
Viewinga25Kliquidhydrogenmoderator， theOsiris

primalynightpathstansfromthesamebeamholeaslRIS、

N6, inSuchageometrythatnoreductioninintensiWatthe

IRISsamplepositioniscaused. Thisisthefirsttimesucll

anapproachhasbeenusedatlSISandwilleventuallypla)'

animponant role inthedesignofhlturepulsedsources

suchastheEuropeanSpallationSource. Theneutrons

spCctrumhasanappreciableintensityintherange
｡ O

[IA≦え≦30Alandit iSintendedtotransmilaSmuchas

possibleofthisintensiO'tothesamplepositionbymeansof

asupermirrorguidewith〃ノ=2andaconvergingsection

witllﾉ"=4,whereﾉ"=listhecriticalangleofnickelperunit

wavelength.TWodiskchoppersat6.3andlOmetresfrom

tllemoderator, eliminate fifameoverlapofsucceeding
笈tobedel…dpulsesandallowawavelengthbandof

tothesamplewllentheclloppersarerunat thelSIS

frequencyof30Hz.

2.ﾉ． 7ｿ72D(〃qcro"leIe′

TheexploratolymeasurementscarriedoutonlRISwith

longwavelengthdimacIioninbackscatteringgeomeIIy

demonstralestllatthe25Khydrogenmoderatorprovides
anenhancednuxwithusefill intensiWupto30ATllis

incidentnuxwillevenbelargeronOsirisasisshownin
Fi9.1.
Theresolulionwillbeexcellentandalmos(constant inthe

i,nportant range above235A、where the aluminium
windowsbeccmetransparentThisexcellenCeiSduetotlle

filcttllatatlongwavelenglllsthedominan(conlribulionsIo

theresolutionaretwo: lllemoderatorpulsewidthandtlle

coI8.A8(ermoftheangularresolution. Themoderalor

pulsewidthremaillsunchangedat l20"ecafierthepeak

oftllem"wellian,matchingtheangularconlribulion

aroundlOAThispowderdimacliondelectorconsistsofa
onemelerdiametercirclllarbankofscinlillalorscentredai

Correspondenceto:D.Ma1･tin, ISISPulsedSource,Rutheribrd

Appleto''Laboratory,Chilto'',Didcot,Oxibr(Ishil･eOX110QX,
UK.
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2.3. Po/α〃sedⅣを""℃"s

Beibrctheconvergingiinalsectionoflllcneutronguide,

asetoflhreepolariscrs,abendercollimalor(mirroringone

ofthecollimators)andasupermirrorguidesectioncanbe

positioned. Thisapproachensuresagreat degreeof

versalilily, since themostappropriatepolarisercanbe

chosenfbrtherequiredwavelengthrange・ Tllecollimator

ensureslhepossibilityofcheckingtheeHectoftllepolariser

usedinlllespectromeler,andtheremovableguidesection

permitsnon-polarisedneutronstoreachthesample. The

polarisingneutronbenders,multilayersofcobalt and
titanium, areinitiall)･magnetizedlongitudinallyandthe

remanenceiskeptalahigll levelb)'meansofindividual
solenoids.

In both cases, dimaction and spectroscoPy, filll

polarizationanalysisispossiblebypositioninganotherset

ofSollerpolarisingbendersinthescatteringpathanerthe

sample. Fordimactionthisisstraightfbnvardbysimply

usingpolarisationanalysersinfrontofthedetector,butfbr

spectroscopytheneutronswillgothroughthepolarisation

analysertwice,befbreandaiierrenectionbythegraphite

cIystalanalyser.ThissolutionisnecessaIyloensureahigh

degreeofpolarisalionandtopresen'ethebackscatlering

highresolutiongeometlybutattheexpenseofasignificant

reductioninintensity.Bothpaths,primalyandsecolldaly'ダウ

areprovidedwiththeircorrespondingspinnippers.

"cIorialpolarisationanalysiswillbeachievedbythe

spin rotatormetl,od.3) Adiabatic rotation of the

polarisaliondirectioninlllethreeorthogonaldirectionsis

conductedinthespacevolumearoundthesamplebymeans

ofmagllcticfieldsprovidedb)' removableHelmllollzcoils.

TlleiriiCldStrengthcanbeaqustedasaiimctionofthe

neutronwavelenglh Ioensure theadiabaticityof llle

processwithoutcMangingthesamplemagnetization

◆

◆

◆

2．0 107

Osiris

眼IS

HRPD

◆
△
○０５

つ
①
勿
蕩
二
ｅ
皇
邑
①
ｚ
）

◆

◆

◆

△

△ △ ◆

△
◆

△ ◆△

△

◆
△

宮1．0 107
･勗
届
④

罠
昌

◆
5.0 10

△ ◆
△ ◆

△ △ ◆

食･§2:222禽嵐g……一.－－忽鐸乾mxr,…←．一←
3 2 4 6 8 10 12 14 16 ~F~rW

。

wavelength(A)

Fig. 1．Neutronintensityattheexitofl-IRPD, IRISandOsiris柵MWW"asafilnctionofwavelength.HRPD
meaSuredintensities.OsirisresultsareMonteCarlo

simulations.

Table1.DiffractometerSpeci6cations

0.67ster

[150｡≦2e≦175｡］
2.5×lO･3

U

II≦〃≦151A

Solidangle

Scattermganglerange

Resolution(AzM/ﾋﾉ）

"-spacingrange

Tablell. SpectrometerSpeci6Cations

1 .82meV

[O‘8≦△E≦3]meV

(5｡≦2e≦160｡]

[0.1≦AC≦18]A･!

AnalysingenergyPG(002)
Energytransibrral唱e

Scatteringanglerange
MomelltumTransfbr

Resolutioll 23上鱈V

thesampleposition. ItsspecificationsaregiveninThblel.
Thesolidallgleofthedetectoris50timeslargerlhantlle

presentmlSdetector,promisingacountrateincreaseof
twoordersofmagnitude.

2．2． 771eq'ec"℃ﾉ"erer

Wllitebeamclystalanalyserspectroscopyinvertsthe

(Q,"spaCeavailablewithinwhiclltoobsewedynalnical
processes、 comparedwithdirectgeometIy instrumenis.
Thishastheconsequencethathigllresolutionspectracan

stillberecordedathighenergytransibrswiththesample

coldandinitsgroundstatewithoutcontaminationfrom

higherexcitedstates.Thishasbeenfilll)'exploitedonlRIS
and the extremely good resultS, eSpecially in the

interpretationofcomplexspectra,havebeenaparamounl

criterionintheselectionofOsirisspectrometergeomelry.

TheOsirisPrqject spectrometerwill consists ofa

pyrolyticgraphitemultipleclystalanalysercooledlo4KIt

comprisesamosaicofapproximaにIV3000 individual

crystalsandhasanapproximalelleightof20cms,alength
of230cms and is situatedon tlle arc ofa circle

approximaにly80cmsfromlhesample. ThedetccIorsare
5cmlongheliumtubessituatedillnearbackscatlcrillg

posilionwithrespecl IolllecIystals: 170degrees. Tlle
calculatedcharacteristicsoftllespecIrometeraregivenin
Tnblell.

§.3.TheNeutronGuide

AtthecoreoftheOsirisprqect liesitsneutronguide.

Thellighresolulionexpeciedfromtheinstmment､coupled

witll theuseofpolarizedneutrons、 eitherwithpolarized

incidentbeamor filllpolarisationanalysis, canonlybe

acllievediftheneutronnlIxat tllesampleposilion is
enhancedtoa level neverbeibreachievedwithcold

neutronsonapulsedsource. Threestepsarenecessalyto

reachtllisgoal:

・IncreaSingthecriliCalangleoftheguide

・Reducingthelosses.

olncreasingthenux.

AlloftheabovestepswereoplimizedbymeansofMonte

CarloSimulationsoftheguide.

3.ノ． ノ"creqsﾉ"gr/7ec〃〃CQ/α"g/2

Aneutronimpingingonasurinceexperiencesthelotal

reilectio'1phenomenonequivalenttotheefIbclexpericnced

b)｢ liglll･ Analogousdeiiniliollsareuscdandthecrilical

angleXisdefinedaslhelargestanglebelowwhiChtolal

renecliontakesplace. Abovelhisanglcneutronsarenot

renecled, but are (rallsmilicdorabsorbed throllgll the

surflccTheorelically,bclowγご lhereneClivitViS lOO%

andaboveitO%. 7/cisaiilnctiolloflheneulronwavelenglll

landlllccohercntscallerin8densil)' /Vboflllecoatingof

tllesuriklce:
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Thehighest critical angleperunitwavelengthat a
reasonablepriceisacllievedwithnickelwitllX/ ノl=
0.00173,rad/A. Intlleliteraturethisvalueisknownas"1=
landasanexample, thelRISguideismadewithsucha
coating,exceptfbrthelastconvergingsection.
TheOsirisguidellasasupenninorcoatingwith"I=2.
Supennirrorcoatingsaremadeofasequenceofmultilayers
oftwodiHerentmaterials inducingaBraggrenection

eHect4)thatincreasestheavailablecriticalangle,although
witllareductioninrenectivityafterﾉ〃=1.Dependingon

thewavelengththeincreaseofintensiWcanbedramatic,
reachinguptothreefbldthevalueobtainablewithanormal
nickelcoating.

This increase in%wasalsoachievedinthecrucial

sectionclosesttothetantalumtarget: thesllutter. Butthe

highradiationlevels intllissectionprecludetheuseof
normalglassguides. Insteadstainlesssteel isused(asin
mlS)whicllisinadequatefbrasupermirrorcoatingaswill

beexplainedbelow・ Consequentlytheincreasein)'cfbr
thissectionwaspossibleonlybytheuseofsupermirror

coatedglasspanelsattachedtothesteelcavities. Ifthis

novelsolutionissucccsfillintllemediumandlongterm, it

will be themodel tofbllowby the filtureEuropean

SpallationSource.

3.2. RedZJcj"gr/7e/osses

Therenectivityofasupenmrror coating ishighly

dependentonthemorphologyoftheunderlayingsurface.5)
ThismolphologychangeswiththenatureOftheglassused

assubstrate(noat,borated,polished,etc.)and, fbreacll

typeofglass,withthemanufacturebatchandcompany.
Whenahighintensityofneutronsisnecessalyasinthe

Osiriscase,justchoosingaproviderofsupermirrorguides
isnotareliablemethod. Insteadthebatchofcoatedglassis

cllosenq/reritsrenectivityllasbeenmeasuredusingtlle

mcroguideteclmique,originallydevelopedat theBhablla
AtomicResearchCentreinBombay, India.Avelyprecise

devicewasbuilt fbr thispulposeand it canbe run

concurrentlywiththelRISspectrometerasaparasitic

instrumentextracting627Aneutronsbymeansofa
pyrolyticgrapllitecrystalplacedintlleneutronguide.The
multi-renectivityis thenmeasuredandtherenectivity
extractedfromit. OnlVthosebatcheswitharenectivitV

above86%attheﾉ〃=2edgeareallowedinlheconsmlction

oftheguide.

3.3. l)7c'で(7s"79r/1e〃Ix

The4.3×6．5clnscross sectionofOsirissupermirror

guidewillprovideahighintensityatlhesampleprovided

thesampleislargeenoughI Thequestionthathastobe

tackledtherefbre, isanincreaseoftlle/7"xinordertobe

abletousearealisticsamplesize・ Moreimportant, ibr

diHractionexpenmentsasmall andnarrowsample is

desirableiftheexpectedresolutionistobeobtained.Using

asupermirrorconvergingguide is the straightibrward

solutionfbranickelcoatedguideasisdoneonlRIS・ The

situationisdinerentifthemainbodyoftheguidellasﾉ〃=2

already. AsaconsequencetheconvergingguideneedSa
coatingwith
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Fig.2.Neutronintensityatsamplepositionasahmctionof
wavelengthandlengthofconvergingguide.Constantsample
size:65x4.3cms.

ﾉ〃=4tobefilllyemeCtive,whiChhasnotbeenachievedat

thetimeoftheguidedesign! Themodularapproachof

Osirisdesignallowstoexperimentwithnewdevelopments.

Theconvergingguide is susceptibleofbeingremoved

easilyasadvancesinsupermirrortechniquesappears. In

factatthetimeofwriting,ateamleadbyRBOnifromthe

PSIhasalreadyachievedsuchasupennirror.6)Thewallsof
theconvergingguideareinclinedbyanangleofO.00692

radtothecentralaxisofthebeam,i.e.itisseenasstraight
fbr2Aneutrons

Aitertheangleofinclinationfbrtheconvergingguide

hasbeendecided, its lengthhas tobeoptimised to

maximize thenllxat the samplepositionwithout a

significant reductioninlotal intensityover tllesample.

Theprocesswasdoneusingamodifiedversionofthe

programMCGUIDE.7) Resultsofthesesimulationsare
ShowninFi9.2.

TWoimportantpointslohiglllight resultingfromthe
simulations:

・Themaincauseoflleutronloss isduelothelow

reflectivityoftheconvergingguidebeyond〃ノ=2.The

approachnormallyusedfbranickel guidewitha

convergingguideof〃ノ=2includeSlheuseofalong

convergingguidetoreducethesteepnessofthetapering

angle,whicll inturnreducestlleamountofneulrons

wilhatake-oHangle larger tllanlhecritical. This

approachshouldbeabandonedwllentheconverging

guidehasahighvalueof"Isincethelossesduetolow

reneclivityarehigherthanthosecausedbyhigllertllan

criticalanglerenections.

・Attheendofthecurvedsectionofanickelguide,a

straight section is normallyadded to reduce the

asymmetlyof thebeamat theguideexil. This

asymmeIIycausedbyllleaccumulationofneutronson

theoutersideoftheguideisreducedtoaninsignincanl

valueinasupermirrorguideeliminalingllleneedofthe

straightseclionandtherefbrerelaxingthecun'atureof

theguidewitll theassocialedincreaseofneutrollsat

guideexit.

Aiter a lenglhy iteraliveproccss, theguidedesign

optimised to theneedsofOsiriswasdelermined. IIs
characterislicsaredescribedil1TIlblelll.
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§.4.Conclusions

TllemodularapproachoftheOsirisprqecIwillallowa

widerangeofscientificapplications tobeexplored,

establishingthefbundationsfbrtheEuropeanSpallation
Sourcenewinstrumentation. TheibreseeablescientifIc

areasinthenearfilturemaybedistributedamongst two

operationalmodes: spectrometeranddimactometer.

"ec"o"'erer

Non-polarised mode: molecular dynamics and

dinilsionalprocesses insolidsandliquids, lowenergy

inelasticscatteringfrommagneticexcitationsandquantum

tunnellingphenomena. Separationofmagneticexcitations

andnuclearexcitationsofferromagnetswhentheincident

beam is polarised and in antiferromagnetic and

paramagnetic samples in fUll polansationmode.
Distinctionofquasielastic and lowenergy inelastic
collerentconmbutionfromincoherentconmbunoninpure

isotopes.

D""ro"lere/"

Inthenon-polarisedmodeofoperationthedimaction
detectorallowsfbrlongd-spacingdiHractionandthesludy

ofverylargeunitcellsstn,cmresuptolOO,000A3aswellas
kineticstudiesofphasetransitionsandchemicalreactions.

Magneticsuperstructures andsmall biomolecular and

pharmaceuticalswillbenefit. Withthe incidentbeam

polariseditispossibletoidentifymagneticscatteringby

thesample,enablingtllestudyofmagneticmultilayersand

ferromagneticsamples. Infilllpolarisationmode the

separationofmagneticscatteringfi･omnuclearscattering

canbeachievedinantiferromagneticandparamagnelic

samples. Detenninationofcoherent and incoherent
contributions tothestructurefactor intheabsenceof

isotopicincoherentcontribution,willalsobepossible.
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Tablelll.Osirisguidedetails
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