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Multichalmelpolarizmgneutronguidesareassembledirombentthinibrromagneticmi汀ors・ NalTowchannelswith

supennixTorcoatingsareusedtoproduceneutronguidesofshortlength, includingcompactpolarizersonUlebasisof
siliconwaferS・ 'I11efbctorsthatalIbcttheneutrontransmittanCeareconsidered･hmultichannelpolariZersweuse0．3nun
thinglasscoatedbysputteril唱tecluliquewithCo68Fe3IV/Ti7jZr25supennilTorsandTi60Zr,oGd30underlayers,aswellas
siliconwaferscoatedbyevaporationtechniquewitll54FeFe/AlsupemlirrorsandCdantirenectivelayers.nleCoFe/TiZr
supermirrorsarebasedonmagnelicallyanisoIropicnlmsand,duetoremanentmagnetizatioll,canbeusedinapplied
magneticfieldsaslowas250e・ Polarizingneutronguidesonglassibrthermalandcoldneutronswithmimmum

U U

wavelength1.6Aand5A｡respectively,wereproduced.Theirtransmittancewasibundtobeclosetocalculatedvalues,
theirintegralpolarizingemciencybeing>0.96.Astandard8-channelunitfbramultichannelanalyzerofpolarizationof

ascatteredneutronbeamofcrosssectionaslargeas400×600nun2hasbeenworkedout incollaborationwithGKSS
(Gem'any).
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ThepolarizersworkedoutandproducedinPNPI'~5)are
assembledfi･omsupennirrors6'7) onthinsubslraにsas
multichannelneutronguides､8,9）
Wehaveproducedanumberofpolarizerswhichare

presentlyusedinRussia(PNP1, JINR), theNetherlands

(ml),Germany(HMI,GKSS)andFrance(LLB),withthe

charactensticwavelengthvalyingfromL6Ato8A(see
examples below). The geometrical and physical

parametersofaneutronguldeareconnectedby the

fbllowingrelations:

4q/I=A=40｡="lb , (1)

Curvelcorrespondstothedivergenceaheraneutronguide

basedonnickelcoatings,ec=eNi;cuwe2correspondsto

thedivergenceafieraneulronguidebasedOnCoFe/TiZr

SuPermirrOr COatingS, Oc =eNi on glasS; Culve 3

correspondstothedivergenceafteraneutronguidebased

onNirrisupermirrorcoatingsavailablepresentlywithOc=

ONi.'0)Whennoadditionalcollimationisintroduced,such

adivergenceisproportional towavelength,A=2ecl.

Consequently, thenumberofrenectionsfromthechannel

wallsofthepolarizer increaseswithl,and, sincethe

renectivityfromsupermirrorSisbelowl,thegainin

transmissionofneuifonbeamsofhighdivergenceWithihe
useofSupermirrorcoatingsfbrlargewavelengthsisnolwhereqisthewidthofaneutronguidechannel,listhe

lengthofdireCtview,"isthecllaracteristicangleofthe

neutronguide,ecistheeHectivecriticalallgleofrenection

fromthecoating, lcisthecorrespondingcharacteristic

wavelengthofthecoatingbydefinitionOc=1/lc,andルis

thecharactedsticwavelengthoftlleneutronguide.

Thebasicperformanceparametersofalleutronpolarizer

is the transmittanceofspin-upneutronsのandthe

polanzingeHiciency(P). Intllisreportthefactorsthat

amectTandPareconsidered,andasurveyofexperimental

datawhichdemonstratetllepropertiesofrealpolarizersis

presented.

Thetransmittanceofaneutronpolarizeris

r=畷陶､"/6)(①…",/Q"cid) , （2）
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Wavelength,Awhere71istllegeometrictransmittancefactorconnected
wiUlthewidUlqandtlletotal (includingtheneutron
absorbingmaterials)widthbofonecllannel, TMistlle

p

transmittanceofasingleChannel,and①mcidand①"α"smare

theincidentandtransmittednuxes,respectively.

Transmissionofneutronguidechannels71罵附witl'"=

4mrad, sllowninFig.1, iscalculatedbyintegrationover
dinerent traiectoriesofneutronsasafilnctionofthe

wavelengthldiHerentdivergencesAoftheincidentbeam.

Fig. 1. Calculatedtransmittancefbrasinglechannelofa
neutronguide,basedonCoFe/TiZrsupermirrorsonglass,as

afUnctionofwavelength4fbrdiffbrentincidentbeam

divergencesA=20J(seetext).Solidcurvescorrespondtothe

wavinessA"=0. TheefYEctofthewavinessontransmission

isdemonstratedfbrAβ/P,=0.1 (dashedcurves).
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equal tothenuclearpoにntialoflllenon-magneticlayers,
andequalloO.

CoFe/TiZr supennirrors'･4'5) onglass substrates are
preparedinasputtenngmachine,equippedwith three
stationalymagnetronsandthree targets. Analloyof
CoFeVhas beenchosenas themagneticmaterial.

ChangingCoandFecompositionoftllealloy,onecan
achievetheequaliWofthenuclearandmagnelicpoにntials.
Thesamenexibilityinchangingthepoienlial isachieved
byusinganalloyofTi(negativepotential)andZr(positive
potential)fbrnon-magneticlayers.
Tbavoidrenectionofspin-downneutronsfromtheglass

subsIrate, analloyofTiZrGdisused. Changingthe
concentrationofitscomponenIs,'2)onecanminimizelhe
renectionofspin-downneutronsfromtheunderlayer.
Acarriagewithsubstratesattachedmoveswithrespectto
lllemagnetrons. Thedepositionraie isnotcontrolled
duringsputtering, it isstabilizedbythepowerSupply
equipment.Calibralionoflhedepositionraにismadewith
aquartzsensorplacedinthesputにringchamber.Thenitis
checkedbyX-rayrenectomeIIy. Thecompositionofthe
depositedfilms isfbundbyusingXTRFA(X-rayTblal
RenectionFmorescenceAnalysis) spectrometIy. The

COnにntofoxygenisdetenninedbytheRBStechnique.
Theroughnessofsubstratesandsputにredfilmscanbe
controlledwiththeprofilomeにr'Inylor-Sにp(productofa

BritishfIrm"RankThylor-Hobson") TheIoughnessof
glass substrateswas fbund tobeS±2.5A. Neutron
reneclivityandpolarizatione伍ciencyofmirrors are
measuredwiththetime-ofnight spectromelerZINAat
WWR-MreacIorinGatchina.

Presentlythesupennirror layershave the fbllowing
compositions:Co68Fe3,V;Ti75Zr25,andTi60Zr,oGd30. The
nuclearandmagneticpotentialsofCoFeVlayerswere
fbundbvneutronrenectivitvmeasurementsfromiilms

withatilickness700-900A,Iobeabout lOOneMandthe
potentialofthenon-magnetic layersabout lOneVA
changeinthedepositionratechangethisquantities,which
canbecausedbythepresenceofremanentgases(including
oWgen)intheSputteringchamberS.

Theexperimental renectiviO/andpolarizingemciency
fbroneofsuChsupermirrorsispresentedinFi9.2. Note

that thepolarizinge伍ciencyreachesO.99at aboutlc.
Thesepolarizingsupennirrorsarebasedonmagnetically
anisotropicfilmsand,duetoremanentmagnetization,Can
beusedinappliedmagneticfieldsaslowas250e(see

Fig.3).4)
。

Transmissionofapolarizerwith4.=1.6A, fbrthe

spectrometerKP(RI,Delfi)measuredinlRIisgivenin

Fig.4. Itscrosssectionis27x60mm2, itslength700mm,
anditschannelwidthandglassIhickness0.92and
0.33mm,respeCtively. ItspolarizingeHiciencyisashighas
fbrthepolanzerdescribedearlier.')
Astandard8-Channelunitofcrosssection､IOxl251nm2

and length 240mmfbr amultichannel analyzer of
polarizationofascatteredneutronbeamas largeas
400x600mm2hasbeenworkedout incollaborationwith

GKSS (Germany).5) Theneutron lransmittanceand
polanzingeHiciencyofsuchaunithavebeenmeasuredin
GKSS(Fig.5).
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Fig.2. Renectivityfbrspin-upneutronsR+andpolarizing
efficicncyPofCoFVTiZrsupermirrorsmeasuredat

reHectometerZINA(PNPI)asalijnctionofえ上． Dottedline
correspondstotheregionoftotalrenection.

Pint100

882go＝=＝●－‐一→一●

CoFemZr

supermlrror

onglass

1-easyaxis
2-hardaxis

●

80

60

恥
○40

fPoo

/
〃

20

0

20

400 500200 300

Field,Oe

1000

Fig.3. PolarizingefficiencyPintofsupermirrorsmeasurcdwilh
a"white''beamofthermalneutrons(peakwavelength=1.4A)
atrcnectometerZINA(PNPI)asafilnctionofthemagnetic
fieldappliedineasy(1)andhard(2)directions.

ashighasnear"TheenectofthewavinessA"on
transmissionisdemonstratedfbrAβ低=0.l(Fig.l,dashed

curves). ItistobenotedthatoneandthesamewavinessAβ
willreducestrongertransmssionofneutronguideswitll

coaUngsofsmallerOc.

TheexperimentalrenectiviWfbraCoFe/riZrcoating
usedincalCulationsisgiveninFi9.2,asafimctionofthe

perpendicularwavelengthlL=l/sin(O) (hereeisthe
glancingangle).
Moredetailednumerical smdVofthetransmissionof

neutronguideswillbegivenelsewhere・'1）
Generally, fbr optimization of parameters of a

multichannelpolariz"itisnecessarytotake山espectmm

andthedivergenceoftheincidentneutronbeaminio
accountaswellasthepropertiesofthemirrorS.

Tbmimmizetherenectivityofspin-downneutronsand

thuS toachieveahighpolarizalionofthe transmitted
neutronbeam. itisnecessalVthatthediHerencebetween

p

thenuclearandmagneticpotentialsofmagneticlayersbe
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Fig.6. Experimentalrenectivityfbrspin-upneutrons"and
polarizingeIYicicncyPof54FeFe/Alsupcrmirrorsasafi｣nction
of4.L.Neutronsarerenectedfromtheboundary｡lsilicon-
supermirror"Dottedlinecorrespondstotheregionoftotal
renection.

Fig.4; Experimentaltransmittance7ofapolarizerwithルーU

1.6A,basedonCoFe/TiZrsupermirrorsonglass, fbrthe

spectrometerKP(IRI,Delft)asah｣nctionofwavelengthl.
ThedivergenccoftheincidentbeamAImrad}=1.61{A1.
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Fig.7. Experimental transmittancerandpolarizingefnciency
U

Pofanatpolarizerwithル=4c･"2=3.5A,basedon54FeFG/Al
supermirrorsonsiliconwaftrs, fbrthereflectometerEROS

(LLB,SaClay)asafimctionofwavelengthえ.Thedivergenceof
theincidentbeamA=1mrad.

COnclusions

Cenainachievements inpreparationofpolarizing
supennirrorsenabledustoproduceopticalpolarizersof
reallyhigll perfbrmanCewhicll canbeusedbothfbr

polarizationandanalySisofneutronbeamswithspectra
rangingfrom/L=1.6A,andhighenWehavetestbd, in
collaborationwithGKSS, thepossibility toproduce
analyzersofvelylalgecrosssection. Theconclusionwas

drawnthat,practically;thereisnolimitfbrincreasingthis
crosssection,andnowwearesurethattheperfbrmallceof
suchananalyzercanbereallygood.
ThepolarizingCoFerriZrsupermirrorsarebasedon
magneticallyanisotropic films and, due to remanent

magnetization・ canbeused in lowappliedmagnetic
fields4''0)Multicllannelneutronguide56nthebaSisof
sucll supermirrorswillallowIopolarizeneulronbeams
and/or toanalyze theirpolarization in lowmagnetic
(guide)fieldS. Asitwaspointedout,4''0) ilcanbecmcial
whenthepresenceofstrongmagneticfieldsisundesirable

Fig.5fExperimentaltransmittancerandpolarizingefnciency
Pofa8-channelunit,basedonCoFe/TiZrsupermirrorson
glass, fbralarge-area(400x600mm2)multichannelanalyzer

U

withル=5A(GKSS)asafilnctionofwavelengthl.The
divergenceoftheincidentbeamA=0.3mrad.

By thermal evaporation にclmique, 54FeFe/Al
supermrrorshavebeenpreparedonsiliconwaferswitha

Cdantirenectivelayer(Fig.6) .2)Acompactmultichannel
polarizerhavebeenassembledasastackofsiliconwafiers

fbrpolarizationofacollimatedcoldneutronbeamofthe

reflectometerEROS(LLBSaclay,France). Siliconwafers

servehereasguidingchannelsfbrneutrons,'3) increasing
thegeometrictransmittancefactorupto0.99.Thecross

sectionofthepolarizeris5×25mm2,anditslengtl,34mm.
Theneutrontransmittanceandpolarizingemiciencyof
suchaumthavebeenmeasuredinLLB(Fig.7)'4) Two
polarizersonsiliconwerealsoproducedfbrtheSANS

faciliO/TENSOR(PNPI) tqpolarizeandanalyze tlle
neutronbeamaboutﾉl=8.5Atheircrosssectiodsbeing
10x65mm2,andtllelength25mm.Transmittanceofsuch5
polarizerisjlolessthan0.5,andlllepolarizingeHiciencyis
uptoO､99.2）
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(spin-echotechnique,etc.),orwhenhiglllycollinearstrong
magneticfieldsinlargevolumesshouldbeavoided(asin
largeareaneutronpolanzationanalyzers),orsimplywhen
thereisalackofroomfbrthemagnetsinpolarizingor

analyzingdevices.

Compactpolarizersfbrcoldneutronsasshortas23mm
canbeproducedonthebasisofsiliconwafers. Their

perfbnnancewasalsoshowntobegood. Suchpolarizers
canbeusedalsoibrthennalneutrons. SomeeHbnscanbe

undeltakentofilrther improve theperfbrmanceofour

pOlanzerS. Onepossibil町is just lo increase the
supennilTorrangeby increasinglhenumberoflayers.
Calculationsshowthatagain inthenuxcanbetllen

achievedeveniftherenectiviO/inthesupermirrorregionof

renectiondrops. Anotherpossibilityistouseultra-thin

layersofTiorCoateachintelfaceintlleSuperlmrror

sequenceoflayerstoreducetheaveragepotentialatthe
interfaces, asproposedinwork.'5) Calculationsshow'6)
thatthereneclivityofspin-downneutronsduetodiHilsion

andoxidationcanbethuss(ronglysuppressed, andthe

polarizing eniciency of lhin-fillll coalings can be

significantlyimproved.
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