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NeutronDepolarizationMeasurementbyUsingPulsedPolarizedNeutrons
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Recentresearchactivitiesonthewave-lengthdependentdepolanzationstudiesonthemesoscopicmagnetismcamedout

atthepulsedneutronscalieringfacility,KENSatKEKarereviewed.
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§.1. Intmduction

Inthepastdecade,wehavedevelopedtheneutron

wave-lengthdependentdepolarizationmelhod'･2)andthe
instn皿nentationofthismethod.3)WealsoinvesUgatedthe
mesoscopicmagnetism,whichdefines thestudyofthe

Spatialmagneticdismrbancewithsem-macroscopiCScale

inspinglass,magneticcolloid,magneUcnuxoidinthe

superconductors, etC. Thismethoddoesgiveasemi-

quantitativedetenninationofthescaleofthemagnetic
stnlcmre, suchasthecoherencelengthanddomainsize,

umquely. It isveryconvement tostudytemperature

evolunonofthemagneticdisturbanceinmesoscopicscale、

whichisdiHiculttosmdybytheconventionaldimaction

techmque,evenbytheconventionalsmallanglescattering
method.

Therefbre as emphasizedin thepresentation, the

depolarizationmethodgivesrisetoauniquetool fbrthe

subtleproblemofthespinglasstransition,whichisalways

diHiculttoanswerfromaumqueexperiment.Wefbcus

filrtherdiscussiononthispointratherthandescribinghow

theneutrondepolarizationtechniqueworksingeneral.
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HereのistheangularfrequencyoftheneutronLarmor

precession. Iftheinitialpolanzationispeiect,

|;il:IM |"
themeasuredpolarizationisdirectlyproportionaltothe

depolanzationmamxasinthefbllowingexpression.
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§.2.Wave-lengthdependentdepolarizationmethod4)
First,webrienydescribetheessenceofthewave-length

dependent depolarizationmethod. This particular

experimentalmethodisthemeasurementofdephasingof

thepolarizationoftransmittedneutronbeamthroughthe

magnetic medium. Since we can mampulate

polychromaticpolanzedneutronbeamasthepulse,wecan

measurethetimedependent featureofdepolarization

which is thenconvertedto theneutronwave-length
dependence. Letmestarttodescribehowtheneutron

polarizationisdepolarized. WhenwedefineVノasthe

neutronwavefimction,il/fbllowstheequationofmotionin

theappliedmagneticfield,H.

Thelocalmagneticfield"generallyhasazimuthalanglee

withrespccttotheneutronpolanzationaxis,z.ThenPz(r)

iSgivenasafimcUonofa

Pz(r)=IIIJ+(r)|2-|lP-(r)|2
z Z Z

Hx+H" _ (5)〃z

万了+~~ r~ cos2のr,
二二

H2

Pz(I)=cos28+sin2e･cos2". (6)

Timedependence is thentranSfbrmedto theneutron

wave-lengthdependencebyusingthefbllowingrelation.
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Here/Jistheneutronmagneticmoment,whichisdefined
aS"=βαぴisthePauUmamx.Whatwemeasureinthe

depolarizationexperimentistheneutronpolarization,P,

givenbytheeq.(5). Tbderiveit,wefbllowthespinpartof

theneutronwavefimction,eitherVorV.Werewritethetheneutronwavefimction,eitherVorV､Werewritethe
eq.(1)andintegrateaSfbllowS. ThemajorinterestinourstudiesisnottheeHectofthe

Lannorprecessioninthestationalmagneticfieldbutmore

complicatedor inhomogeneousdistributionofthelocal
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field,F)J, inthemagneticmedia,wherethelengthscale

characterizingthe inhomogeneityofthe field issemi

macroscoplcormesoscoplc.

NevcIThelessF>fisrelatedtoP(4)asfbllows.
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Themagneticdistributionfilnction,F>f,canbederivedby＝

theFounertransfbnnoftheaboveequalion.
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The lastequation is therefbregivenas thegeneral

expressionofthemagneticfielddistributionderivedfrom

thewave-lengthdependentneutrondepolanzation,P(1).

HowevcIBthisgeneral fbrmcannotgiveadeepphysical

insightbyitselfMoreoverouranalysiswasrestncにdtobeワ ジ

acomponentparalleltoz,whichlimitsafillldepolarization
information. Therefbre we have smdied some

representaUvecasesoftheinhomogeneousfieldor the

magneUcdistribution,F>f, andderivedanapproximate

fbnnwhichareseeninourpreviouspublications.''2'4)
Innext section,wepresent twokinds of typical

experimental results of neutron depolarization

measurements. Thenphysicstakenoutfromtheresults
willalsobediscussed.
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Fig.l.Neutronwave-lengthdependenceofFe0.715AIo385
reentrantspinglassalloyofzerofieldcoolingproces､ZFC).
Depolarizationwasmeasuredunder400e.Two
representativecurvesmeasuredatl9Kand70Kshowthc
qualitativedifYbrencebetweenGaussianlbrminpolarization
andoscillatoryfUnctionwithrespecttowave.length.

temperature, 7i=68K,山e data ofP(4) shows the
qualitalivediHerencebetweenat7=70Kjustabove7kand
at l9Kwellbelow7ffbrthezerofIeldcooling(ZFC)
sample,asshowninFig.l・ TheP(4)culveat7=19Kis

fittedtoasimpleGaussianwithJandFOatl9K.Onthe
otherhand, thedataof70Kshowtheoscillationwith

respect toneutronwave-length, indicatingtheremanem

magnetizationinthesample.Notethatthecurvecannotbe

fittedtotheeq.(13)inacertaintemperamrerangebelow

7E.Thisfactobviouslyclearlyshowsthalthespontaneous
magneUzaUondimimshesat71uponcoolingthesamplein
zerofield. Itindicatesthereentrantspinglasstransition.

InthiswaXwecouldmeasurethethermalevolutionofthe

reentrantspinglassbehavior. ThecurvefIttingofthe

wave-lengthdependentfeaturetotheeq.(13)yieldedthe

detenninationofparametersofPo, oi andノ､whiCh iS

plottedwithrespecttotemperamreinarangewhere7､

crosscs7f,whichisseeninFig2(b)Weemphasizehere
that, although thermal evolution of themagnetic

suscepUbil町lookssimilarintworepresentativereentrant

spinglasSmaterialsofAu,_xFex6)andFe,_xAlx野stem,5'7)
thewave-lengthdependentdepolanzationisapparently

dinerentasshowninFig.2(a). HoweverthediHerence

arises intheconcomitantparametersdetenniningthe
depolarization,whichmightberelatedtothespatialscale

factorcharactelizing themagneticdisturbanceor the

regionofthe spontaneousmagneticdomainsizeas

emphasizedinthepreviouspapers.''6)Forinstance,we
proposedamodeloftheinhomogeneousmagneticstructure
inthereentrant spinglassstatefbr twoexamplesas

depictedintheschematicdrawingofFig.3.
Sincethen,moreexperimentshavebeenconductedfrom

dinerent spinglass systemsandthismethod isnow

recognizedtobeaunique tool fbrdeにnnination, fbr
・ ・ 8－12）

instance,ofthespinglasstransition.

Anotherexampleoftheapplicationofthewavelength
dependentdepolarizationisinvestigationofthemagnetic

stateinthetypelIsuperconductors.2'13･14)Sofaranyofthe

§.3.Experimentalresults

Accordingtotheeq.(11)thesimplercaseoftheGaussian

dismbutionofF)fgiveSthefbllowingP(1),whichhasbeen

iUrtheranalyzedbyfittingthewave-lengthdependent
data.4)

P(l)="+AexP(-Oi")COS("+'). (13)

qandrrepresent,respectively,tlledistribunonofthefield

insidethemagnetizedsampleandthefieldintegratedvalue

throughoutneutronpatmength. Herethestraymagnetic

fieldjustoutSideofthemagnetizedsamplescausesthe

phaSeShin,'aswellasthedevianonofthesummle,
Po+z4=1.

The eq.(13) could be utilized tomoSt of the

depolarizationmeasurementsfbrourinvestigationofthe
ferromagneUc domain distribution or the teChnical

magnetizatonprocess.4)inthispresentation,howeveI;we
showtheresultofthereentrantspinglasssmdiesfrom

Fel_xAlェandFexAu,_xalloys. Letmestarttoexplainthe

reentrantspinglassfeatureintheFe0.7,5AIQ285alloy.5)At
lowtemperaturesbelowthereentranttransition
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Fig. 2.NeutrondepolarizationfromFe0.7AIo3andAuo.8,Fe0.,9reentrantspinglassalloy. (a)wave-lengthdependenceofneutron
polarizationatseveraldesignatedtemperatures.OpenandclosedmarksrepresentFCandZFCprocessesrespectively. (b)Temperature
dependenceofthe6ttedparametersofEq.(13)

measurementofthemagneticnuxdistributioninsuch

superconductingsubstancesisrestrictedtobethesurface
probesuchasthedecorationmethod,STMoreventhe

LEEDmeasurement. Thissimplemeasurementofthe

depoladzationofthetransmittedbeamprobesthemagnetic

fieldinsidethebulklikethe/JSRorneutrondilTractionat

thesmallanglescatteringandtherefbreitgivespotentially

veryusefUl infionnation: whether themagnetiしnux

penetrates throughthebulksuperconductorand/orthe

determinationofthenuxpenetrationdepth. Sincethe

detailsofthedepolarizaUonmeasurementofthemagnetic

nuxdetenninaUon is describedseparately,'4) lhennal
evolutionofthedepolarizationfromthefield-cooledhigh

temperamresuperconductorispresentedandtheresultis
discussedintennsofthecurrentlydevelopednuxlattice

meltingpicture.

Singleclystalsofnatdiskshapewerecutfifomthebulky
boulegrowninourgroup,'5)typiCally5mmindiameter
and3mmthick. EitherthecIystallinecaxisisoriented

normal tothediskorliesinthediskplate. Thefield

coolingmagneticfield(Hb) isalwaysappliedinthedisk

platesothatthemagneticnuxisembeddedalongthefield

directionduringtheFCprocess. Thesampleswere

preparedbychoosingHb//corHt//q. Thegeometncal

configurationfbr thedepolarizationisfbllowing. The

neutronpolanzanon,P,waskeptverticallybyapplyingthe

weakhomogeneousfield,whichwaspelpendiculartothe
directionofneutrontrack. SincePwasalsofixedtobe

pcrpendiculartoHbandhenceP_LHb,Pshouldrotates

aroundthemagnencnuxandthentheoscillatorywave

lengthdependenceofthepolarizationofthetransmitted

neutronsshouldbeobselved, ifthemagneticnuxesare

pinnedalong",asshownintheillustrationofFig.4.
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Fig.4. Schematicdrawingoftheexperimentalconfigurationofdetectionofthemagneticnuxes inthesuperconductor.Thewayto
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respectively． 4000

1 ， l

，

nttingtheCurvetoEq.(13).Thenthesequantitieswere Temperature(K)

filrtheranalyzedbyusingthesimplemodeloftheunifbnn
Fig.6.Magnetic6eldextracted丘omthedepolarization

vortexl3tticgmOdeLThenuxdensitymthebulkandthe fheasurenitntwith20000EREIJE661mEMEWj"of
penetrationdepthweredetenninedaswell,whichisgiven La185Sro,5CuO4singlecrystal(7t=33K)measureddrseVeral
intheseparatepaper.'4) temperaturesbelow7ECirclesiridicatetheresultsof
TbemphasizeauniqueevidenCeobtainedfbrthefirst depolarizationmeasurementsandsolidlinesareSQIUID

measurements. DotlinerepreSentstheirreversiblelinefbr
time,theoscillatolybehaviorisreportedtoremaininthe

thiscrystal.
regionwheretheremanentmagnetizationdisappearsinthe
magnetizationdatameasuredbyaSQUmsusceptometer magnetization reaches zero by the susceptibiliq'
inthehightemperamresuperconductor.'4)Inotherwords, measurement,whichis showninFig.6. Befbrethis
themagnetizationmeasured by the depolarization exPerimentwaspresented, therehadbeennodefinite
expenmentshowsafimtevalueoftheremanentmagnetic cvidenceshowingtheentanglednuxstate,asfaraslknow.
fieldinthebulkinaregionnear7t,wherethebulk Thisresultisnotanexperimentalerror,noramvialeHect,

becausetheremanentmagnetizationbythedepolarization
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measurement perfectly coincides with those of
susceptibilitymeasurementiromtheV3Sisingleclystal,of
metypicaltypellsuperconductor.Thedepolalizationcan
probe thenetmagnetic field inthesample, but the
magletizationmeasurementundertheDCappliedfield

detectsonlythefneldcomponent. Therefbrethesimplest
r

interpretaUonof thediscrepant results anses in the
dinerentmagnetizationquantiUes of these dinerent
methodS. Inthiscase,theexpelimentalresultsuggeststhat
the magnetic nuxes embedded in the high 71,
superconductormghtbeentangledoratleastthemagnetic
nux latticemight be significantly disordered as

temperamreandtheappliedfIeldapproachtotheboundaly
oftheHb21ine. Itshouidbenotedthatthedatapointsofthc

remanentmagneUzationdetenninedbythedepolanzation
meagurementalmostcoincidewithacritical lineofthe

irreversiblefieldeven inUUsunusual superconductor.

Neverthelessthepresentresultindicatestheexistenceof

themeltingofthefluxSoid.

'Ibconclude､ thewave-lengthdependentdepoladzation

measurementshownheredemonstratesauniquetoolfbr

thestudyofthemeso-scopicmagnetism.Weconunenthere

thatinordertomakethedepolanzationmethodstronger,

weshouldimplementaneatdevicecontrollingtheneutron

polarizationperfecUyjust outsideof themagnetized

sample, like thezerofieldpolantometIyproposedby
Thsset.'OWe also consider the three dimensional

depolarizationanalysisandthusweproposesuchan

advanceddepolanzaUoninstrumentequippedwiththefilll

optionS,whenanewgenerationpulsedneutronfacil町of
JIPisrealizedinthehlmre.
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