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Aneutroninterierenceexperimentofthemagnetic doublereiractionphenomenonwasmadeinorder tocontrolthe

neutronspms. TheexpelimentwascamedoutusingallLLLtypeinter企rometeronHr-llstationatJRR-2ofJAFRI
whereanapparamsibrpreciseneutronopticsisinstalled･AmagneticphaseshifiermadeofPennalloyandanuclCar
phaseshiftermadeofAlwereinseITedbetweentheinterfbrometer'scrystalslabs･Whenthemagneticphaseshifierwas
setatanappropriateangle?anmter企rencefingeproducedbyrotationofthenuclearphaseshifterdisappearedduetoUle

magneticdoublereiraction. However, thefringewas recoveredanerUle neutronbeamwas renectedfomaspm

analyzingcIystal. Thisshowsthat thepolanzationstateoftheneutronbeamoutgoingfromtheillterfbrometer is

continuouslychangedbycontrollingthemagneticandnuclearphaseshiners.
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§.1. Introduction

Aperfectcrystalneutroninterferometerusuallymadeof

Sicrystalisaveryaccurateinstrumentfbrdetectingphase
shifisofneutronwavefimctionscausedbvinteractions

ご

betweenneutronsandfields.Measurementsofcoherent

scattering lengths and experiments of fimdamental

propertiesofquantummechanics, suchasspinorrotation

andgravitationaleHect,havebeensucccssfilllypelfbrmed
ln

bytheneutroninterferometlyteclmique. !ノ
We havemade a series ofneutron intelfbrence

experimentsusinganLLLqpeinterferometertoobserve

double refractionphenomena ofneutrons causedby

magneticmaterials. Weusedamagneticphaseshifier

madeofPennalloyorFe-3%Siclystal, inadditiontoa

usualnuclearphaseshifier.Whenanunpolarizedneutron
beamwas incident on theLLL inteIfbrometer、 the

amplimdesandthephasesoftheinterferencemngesofthe
outgoingbeams,calledO-beamandH-beam,varieddueto

theeHectofthemagneticdoublerefraction. Altllough

thesevariationswouldhavebeenaccompaniedwith

changesofneutronspinstatesoftheO-beamandtheH-

beam，wedidnotanalyzethespinstates inthefbnner

eXPefimentS2｡3) "
InthispaperwereportonoUrlatestexperimentinwhich

thespinstateanalysiswasmadeandanapproachtothe

neutronspincontrolbytheinerferometlyteclmiquewas

explored.
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Fig. 1.Thearrangementoftheexperiment.Themagneticphase
shifterisaNi-78qbPermalloyplate0.5mmthick. The
thicknessoftheAlphaseshifteris3mm.Thereflectionplane
ofthe interfbrometeris(220)andthatofthespinanalyzing
crystal (aHeusleralloyc,ystal) is(111).

narrowed to 3×lOmm2 bv slits in fi･ont of the
‐

interferometer. TheeHectiveyieldoftheO-beaminthis

arrangementwasabout3cps.

Tbcheckabasicpe㎡brmanceoftheintelfbrometerwe

measured intelfErencefringesbyrotatingtheAlplate‐

withoutthenlagneticphaseshifierandthespinanalyzing

cIystal. Theobtainedinterferencefringesareshownin
Fig2(a).

FortheO-beam、 thevisibilitvoftheoscillationdefined
シ

by(Ima" -1min)/(Im" +Imin)Where/maxandImmare
themaximumandtheminimumoftheoscillation,was

§､2.EXl)erimental
OurexperimentwascarriedoutonHT-llstationat

JRR-2ofJAERIwllereequipment fbrhighprecision

neutronoptics is installed. Thearrangement ofthe

experiment,whichisnearlythesameasthoseinprevious

experiments,2,3)isshowninFig.l.Themodifiedpointof
thisarrangementisthataspinanalyzingcryStal(aHeusler

alloyclystal)issetonthepathoftheO-beamwhenanalysis
ofthespinpolarizationisneededf

Anunpolarizedneutronbcamofthewavelengthof
0

1.09AselectedbVamonochromatorwasincidentonthe
〆

interferometer.Thecrosssectionofthebeamwas
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where+and-correspondtothespinstatesparallel(+)and

antiparallel (-)tothemagnetizationoftheferromagnetic
material、respectively・ Here"isthewavenumberofme
neutrons, thesummationover/involvesallkindsofatoms

intheferromagneticmaterial,"i isthenumberofthe/-th

atomperumtvolume, andbn,jandbnLjarethenuclear

scattelinglengthandthe fbrwardmagneticScattering

lengthofthe/-thatom,respectively.

mthiscasetheessentialphasefactorsV/gfbrtheneutron

wavesintheO-beamaregivenby

"=eXP(-/4,A｣"A,)

+eXP{/(4,M士dn,M)"M} ,
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wherethemeaningof±is thesameasabove. Here
subscriptsAlandMsignifytheAlphaseshifierandthe

magneticphaseshiftex;respectively>J'saregivenbyeq.(1)
andeq.(2), andr'sareeHectivethicknessofthephase
shifterscreatedbyrotations. Consequentlytheintensities

ofthe(+)staにneutronsandthe(-)stateneutronsIWkl2are
givenby

|V,J2=2+2cos(6h,Al"A1+ah,M"M±an｡M"M)
（3）

When(6nLMAr/M)=""/2),oscillationsofl"|2become
completelyoutofphase,namely

l l"J2=2{1 :tsin(6h,Al"Al+6h,M"M)) (4)
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Fig.2． InerftrencefringesoftheO-beamandtheH-beam
measuredwithoutthespinanalyzingc,ystal.Ayieldofthe
H-beamishigherthanthatoftheObeamSincetheshieldof
thedetectorfbrtheH-beamwasnotadequate; (a):The
magneticphaseshifterwasnotinserted.Solidlinesare6tting
curves; (b):Themagneticphaseshifterwas inserted.The

angle'intheFig.1wasaround-11.5｡. Fringescompletely
disappearedowingtothemagneticdoublerefraction.
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andthevcancelouteachother.
〃

Thisconditionwassatisfiedwhen'--ll.5｡,where'isthe

anglebetweenthemagneticphaseshifierandtheclystal

slabas showninFi9.1,and the fringes completely

disappearedasshowninFi9.2(b).However,asindicated

byeq,(4), it is inthiscasetllat thespinstateperfectly

parallelorantiparalleltothedirectionofthemagnetization

canbeobtained.Therefbre,thefiingesarerecoveredifthe
ヘ ヘ

intensitiesofl艸雀partandlVLrpartofeq.(3)aremeasured

selectivelybyaspinanalyzer.

Thus,weset thespinanalyzingcrystalat theposition

depictedinFig.landmeasuredtheintensityoftheO-

beam. Theresult issllowninFig.3wherethemngeis
recoveredclearlv.

ヴ

ThevisibilitVofthe interferenceoscillation，whichis

estimatedtobe9%､ israthersmallbecausethedirectionsof

themagnetizationsofthemagneticphaseshifierandthe

spinanalyzingcn'stalarenolparallel inthearrangement

ofourexperiment.AcolTectionibrthisgeometricalemect

isgivenbydividingthevisibilitybythecosineoftheangle
madebythedirectionsoftlletwomagnetizations. We
obtainedacorrectedvalueof28%fbrthevisibilitv. This

ヴ

valueisclosetothebasicvisibility32%. This indicates

that themagneticphaseshifierandthespinanalyzing

crystalworkedfairlywellandanalmostperfectlypolarized
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Fig.3.TheinterftrencefringeoftheObeamwhichisrecovered
bythespinanalyzingcrysta1.

32％・ Tllis result ensuresahighperfionnanceofthe
interferometer.

Thenwesetthemagneticphaseshifferbetweenclystal

slabsoftheinterferometerasshowninFi9.l.Accordingto

thescatteringtheolyofthermalneutrons,4'5)therefractive
indices"+and"_ fbrtwospinstatesintheferromagnetic

materialaregivenby

〃≠＝1－(4±an),

with
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neutronbeamwascreatedfromanunpolanzedincident

beambyusingtheLLLinterferOmeter.

§.3. SummarVandDiscuSsion
Wemadetheexperimentonthemagneticdoublerefraction

phenomenonofneutronsusingtheLLLinteIferometerofa

lligll perfbnnance. The interference fringe, once
disappearedwhenthemagneticphaseshifferwas set
between clystal slabs of the interferometer at an

appropriateangle, recoveredbythespinanalyzingclystal
andthisensuresthechangeofthespinstate.
Sincetheresultofthespinanalysisindicates that the
polarizationofUlebeamisvelyhigh, thismethodcanbe
appliedtotheexperimentswhichneedahighlypolarized
andcoherentneutronbeam.
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