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NewTypeofNeutronPolarizerfOrNeutronlnterferometer
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AneutronpolarizerbasedonsupermilTorsoperatinginthetransmissionmodeisdescribed･ Itdoesnotrequireahigh

angularresolutionandallowstheuseofalargecross-sectionneutronbeam.T11etransmissionofsupennilTorsamountsup
to80%fbrUleselectedspinstate・SuchpolarizerprovidesapolarizationoftheneutronbeamofmoreUlan90%andahigh

recordedmtensityontheperfectcrystalinteribrometeroutput.
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means, that it does not change the angles of the

propagationofneutronsbetweenmonochromatorand
inte㎡erometercl-vstalsandindeed.doesnotviolatethe

ご

dispersionrelation, that isautomaticallyfillfilledinthe

doubleclystalarrangementandleadstoahighluminosity
ofthisscheme4).

Theactiveelement ofthepolarizerBwhichhasbeen
installedattheneutronintelfbrometeratHMI5),hasaV-
fbrmandisassembledfromseveral50xlOOmm21asercut

pieces(Figl)Thesupermirrorsconsistof50bilayersof
CoIIFe89-Si(70-800A)andweresputteredonbothsides

ofhiglllypolishedsiliconwaferswithathicknessof0.5
〆、

mmoﾉ. Forthespin-downneutronsthescatteringlength

densityofthemagnetizedalloyismatchedtothatofSi.

ThustheSpin-upneutronsarerenectedbythesupennirror

andabsorbedbycadmiumdiaphragms. Thespin-down

neutrons, however, interactwithavirtuallypure-silicon

plate. TheyarereflecteduptothecriticalangleofSiand

transmittedfbrhigherangleswithanabsolption loss
fractionof20%. Thetransmittedneutronbeamis98%

polarizeduptothecriticalangleec-018｡/A(Fig.2).
Themrrorsarepressedontwo700mmlongalumimum

plates,wheretheapexangle,i.e.,twicetheangleof

incidence,isadjustablefbrdiHerentwavelengths. The

angleofincidencewaschosenas0.32｡、 thatallowsthe

operationwitha ratherdivergent incident beamof
。

2

Thelmrl･orsaremagneticallysaturatedbypennanent

1.mtroduction

Theuse ofpolarized neutronbeams in neutron
interferometryis important inanumberofquantum

mechamcalexperiments''2)concemingtheinterferenceof
thespinpartofmeneutronwavefimction. Moreover,

polarizedneutronintelferometIycanbeappliedfbr the

studyofmagneticphenomenainsolidsandferrofluids､ in
thinmagneUcfilmsandalsofbr investigationsofspin-

dependenteHectsinnuclearphysics.
Theresults、ofcourse、 aremainlvdetenninedbvthe

‐ ″

e伍ciencyofthepolarizingunit. Uptonowtheonly

constructionofapolarizerusedinneutroninterferometly

isbasedonmagneticbirefringence,i.e.,theStern-Gerlach

eHect,2)wheretheangularseparationofneutronbeams
withoppositespincomponents(ofaboutafewsecondof

arc)canbeachievedbythetransmissionofanincident

neutronbeamthroughaprism-shapedmagnetic field

region(B-10kG)duetothespindependentindexof

refifaction. Suchbeamscanberesolvedbyahigh

resolutiondoublecrystalarrangement,thatactuallyisthe

pelfiectclystalinterferometersetupwithaperfectclystalSi

monochromator． Certainly> suchhighmagneticfield

strengthcanbeobtainedonlyinasmallairgap; thisfact

limitsthesizeofmebeamsusedtoafewsquaremillimeters

andreducesdrasUcallytheoutputintensity,amountingtoa

fewneutronpersecondevenfbrthehigh-fluxreactorin

Grenoble. Itputsaverystronglimitationtotheuseof

polarizedneutronsfbrneutroninterfbrometlyatmedium-
nuxreactors. Itshouldbealsomentioned､thatmostofthe

present-day operating neutron intelferometers use

monoChromatorswithconsiderablemosaicib' (pyrolithic

grapmteorslightlybentpelfectSi).

Inthisarticlewedescribeanewtypeofpolarizerfbr
今、

neutronintelferometry'J,whichisfreefromthelimitations

intheluminositydiscussedabove. Unlikeapnsm-shaped

magneticfieldpolarizer, thepresentpolarizerdoesnot

requireanyhighangularresolutionofthesetup, soit is
suitablefbr theusewithmosaicmonochromatorsand

allowslargecross-sectionneutronbeams.
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2． SuI)ermirmrBasedPolarizer

Thepolarizerisbasedontheuseoflligh-qualityneutron
supermirrors,operatinginthetransmissionmode・ This

factisanimportantfeatureofthedescribedpolarizer. 1t
Fig.1.Thepolarize,･ layout. 1-siliconplatesdouble-coatedwith
supermirrors,2-Cddiaphragms.
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magnets,whicharefixedtoayoke,providingafieldof800
Gauss, Si-CoFeSupermirror(#1692):Transmission,800G

1．0 1.0
3. AdjustmentandResults

FortheprocedureofadjustmentweusedaBrookhaven

dc-nipperandaHeusleralloycIystal(Cu2MnAl)saturated

bya2.5kGmagneticfieldasananalyzer. Thepolarisation

ofthecrystalwasexperemintallydetenninedtobePα〃＝

92％・ ThepositionofthehighestrenectedintensiWofthe

Heuslercrystalwasfbund,detenniningtheminimumof

thetransmittedbeamrockingcurvewiththeunpolarized
beam.

Thereafier the renected spin-down intensitywas

measuredbothwiththenipperswitchedoH(")andon
(Io")． Theresulting{nippingratio'
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Fig.2. ExperimentaltransmissionofSi-CoFesupermirrorfbr
spin-upandspin-downneutronsandtheresulting
polarization.

I｡"-lbg

wascalculatedsubtractingthebackgroundlbg. This
providesapolarization(assuminglOO%nippereHiciency)

"-1 1

fb｡'=
j"+127"

ofthetransmttedneutronbeamof90%fbrthebeamsizeof
へ

(30x8)mm忽､whenthebestpositionofthepolarizerwas

fbund. ItincreasesuptoPp｡,=98%fbrabeamsizeof
(30x3)mm3 Fig.3showsihepolarisationandintensityヴ
overthebeamwidth. Usingthispolarizerthesumof

outgoingintensitiesofO-andH-beamoftheinterferometer

reaches30n/sfbr8mmbeamwidth; thisissignificantlyヴ
higherthanthatofthelLL-perfectcI-vstal interferometer.ゴ
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BeamMdth,mm4． Conclusion.

Thesupennirrorbasedtransmissiongeometlyineutron
beampolarizer described in this article provides a

significantincreaseoftheluminosityofpolanzedneutron

intelferometers incomparisonwiththeStern-Gerlach

typepolarizers. Indeed, theoutgoingintensiUesofthe

intelferometefsbeamsarealsosignificantlyincreased,that
gives the opportunib' fbr the polarized neutron
intelferometry research at medium-nux reactors.

Moreover, incontrast totheStem-Gerlachtypeof
polarizer;itdoesnotrequireanyhighangularresolutionof

thesetup,soitissuitablefbrtheusewithmonochromators

havingsubstantialmosaicity(pyrolithicgraphiteorslightly
bentperfectSi). AtthesameUmeoneshouldmentionthat

theStem-Gerlachtypeofpolarizercanprovidean
extremelyhighpolarizationofneutronbeams (P-

99.99%)andhasuptopresentnoalternativeintllecase,

whensuchllighpolarizationisrequired.

Fig.3. Intensityandpolarizationvs.beamwidth
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