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Abstract-1nordertoassessthemagneticflux

distribution in typeIIsuperconductors,the
correlationfunctionwasderiyedfrom SA打Sin-

tensities.ThedistributioninNbsillglecrystal

w asconsistentwiththeresultofmagneti宅ation

measuremenLs. An existenceofshortrange

orderinglnthemagneticnuxarrangementin

Bi2212crystal wasstlggeStedat7･7Ⅹ under

magneticfieldofO･25T,whichisasufficiently

highfieldlargerthanthecritical 鮎ld.

Ⅰ.INTRODUCTION

SeveraltechTllqueShavebeenappliedtoinvestiga.te

thestrtlCtureOrqua･rLtlZedmagneticauxdistribution

lntypeTIstlPerCOnductors,sincethemagneticAuxline

la･ttlce(FLL)waspredlCtedbyAbrlkosovin19571･
The爪rstobseTVa.Lionwasdonebymea.nsofthedeco-

ra･tlOntechniqueln19682andlaterbysmaua･nglenell-

tronscatteringtechrLiqueln19713 h 1970sISevera一

experimentsWerePerformedforverifylngthetheory

orFLL.TounderstaLLdtilena｡tureOfどLLiSimpor-

tantirLpra.Cticetoimprovethecriticalcurrentdenslty.

IrLmanyplnTungtheories,FLLhasbeenideaLizedas

nea.rlyperfecttriarLglela･uice.Infact,however,FLLis

TLOtSOperfect.TllereaLreSOmelmperfectiorLS･la.tt)ce

defects,tranSltiontodlSOrderedstatea.Ihlghmagnetic

爪eld,deforma.tiomduetofluxplnnJAglnreal
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superconductors.Recently,SeveralmoderntechnJqueS

toobserveFLLhavebeendeveloped:scannJngtunnel

microscopy,electronholography,andothersSmalla.n-

gleneutronscattering(SANS)techrLjqueis,however,

stJlla･ttraJ:LivetoinvestigatethestructureofFLL,be-

causealmostauma.terialsaretransparenttoneutrons

andthereforethreedimensional;nforrmtioniseasily
obtalna.ble.

Tnthepresentstudy,thelocalmagneticnuxdis-

trsibutionsinseveraltypeIIsuperconductorshave

beenInvestigatedbymeansofSANSmeasurements.

Herethepreliminarya.nalyticalresultsarereported

II.EXPERIMENTALPROCEDURE

TheexperlmentSWereCa･rrledot)iusJngSANSI

Ufacilitiesinstalleda.IJRR13M,AtomlCReactorof

JAERIThewavelengthofincidentneutronbeamwas

selectedtoO7nm with△人/人 望 10% Thearea･

detectorwith64x64cm2wasposltioned12(or8)m

from thesample.Atthecenterofsplittypeelectro一

magneい hecryostatwasi･lStaned.Themagnetic允eld
w弧 aPplLedpa｡raueltotheincidentnelltrOnbea.礼

TwotypesofsJnglecrystalswereused.Onewas

acyllndeTISha･pedNbsirLglecrystalwithdimenslOnS

of10mm diaand10mm leztgth ThedlreCt)OnOf

Nbcyl.nderax･swasl110】andpa･r山Ieltotheinci-
dentneutronbea.m SecondorLeWasplate-likeB)2212

(Bi2Sr2CaCu20y)oxidesjngJecrystalswith-1mm
thick,～5mrnwidtha.nd～20mm lengthprepa.red

bytheAoating210neteChnlqtle.Bothincidenthearn

andmagnetlC丘eldwereparaueltothec-axisofB12212

crystal.
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KIII.EXPERIMENTALRESULTSANDD工SCUS

SIONA.NbSing

leCrystalNbslnglecrystalwascooleddownto7.2

Kunderma,gnet)C爺e
ldofOl25Tandheldthere.Thiscondi-tion･scal

ledtheReldco｡ljng(FC)irLthetext The2-dimeztSior

Lalcontourmat)ofscatterlJlglntertSitleSJSshown

lnFJg.1.TwotypesofdiHractjonwereob-served the

BraggpeaksWithsix-foldsymmetryandthecentralsma.l

laJLglescatterlnghlrLderedpartiallybythebeamstop･The
Braggpeaksareassignedas(H,K)wlthcondltionofH2+H

K+K2=1ThenorTTLOfscat_terlngVeCtOrlkJ=47TS

川0/入wasmeasuredtobeol074nm-1,whlChwaslderttlCal
wJththecalctllatedvalueforextemalAeldofO25T Alt

houghtheyhavetoha.vethesamescatterlngintensit
y,theobservedin-tensitjeSWerequiteasymmetric,a

ttributingtothemis-matchoftheincidentrLetltrOnb

ea｡mdirectiontotlleappliedma.gnetic爪eldAccord

ingtothestandarddiqractiontheory.thecorrelat】onfunctlOnG(r)canbederi



0 02 0t 06R/ILFlg 3NorrnallZedcorreLa･tio
nasafunctionofradla･ld.s-tancero√twocondl

tLOnSFC/NbandZF/Nb-Herethereduced

radlus,a,wasequalto216nmWhenthemagnetlC

丘elddistributionlnthesuper-conductorlSglVenbyB(r),thecorrelationfunctio

nisexpressedbytheequatl

On,G(A)-/B(Rl･R)B(Rl)dRl. (2)HerethetranslatiorLalvector,RJSPut

aBR=r+R,帆 , (3)wherethevectorr

changeswlthintheWigner-Seit宅ceu TheJltheaut&c

orrelationfunctionisgivenbyG.(A)=G(r)IThene

arestTteighbourcorrelationisgivenbyGl(礼)

= G(r+A,nt),wherem andAareintegerwi

ththecondltlOnOfm2+mn+n2=1･Figure3showsthen
ormalizedcorrela･tlOnfunct10nasafunctionofradiald

istancealongtheLineABshowninFig 2(a).Theproile
ofthea･uto-correlationmea･tSthesmea.reddlStributior

LOfquanti乞edma.gneticAuxasrepresentedbythemodi五edBesselfunction.The長rs

tpeak,Rp川上loca･teSat98n.n･AltertherelaxatiorL

,the允rstpeakshiftsto121nmandthehalfwidth,△l

/2becamebroader･Thisspread-lngOfhalfwldthwasca

･tLSedbythedjstriblltiorLOfma.gneticAuxReldimt

hecrystal･Accordinglytheav-era.gema.gTLetlCnuXlnt∫l
eCrystalaftertherela.xationwasestimatedtobeOl1

6T･AccordingtoBeaJt'scrit-icalsta.temode14,thecriticalcurrentdensltyCanbe
derivedasth

efollowingform"Jc-些 訪 鎚 (4)forthecylinderwith

diameter,DIWhenthefollwoimgpa.rameterswereused,Ba.=016TaJldBn｡== Table1Summaryof

parametersTortwocondltlOnS,FC:Geld

cooling,ZF.zeroexternal丘eldcondition G(0) ち k,Ea上 R,̀｡上
△1/2【T】 【nm~l】 【nm】 Inm

】FC/Nb 309 0.25 0･074 98 5

2ZF/Nb 8･8 0･16 0･060 121 600.25T,Jcwasestimat

edtobe2.lxlO7A/m2.Fromthemagneti21ationmeasur

ements,theJcfortllepresentspecimerLWasaBSeSSed

tobe1.7xlOTat2erOexternal丘eldandl･OxlO5A/m2
a.Iol25TIThereforethemag-net)C丑tlXdistrlbut10

neStima.tedfromtheSANSdatalSreasonablyco▲rLCidentwiththeresultor

magnetiza.-tiollmeaSⅦTe

mentSB.Bi2212SingleCrystalFortheSANSme

asllrementS,5phte-likeB12212sJnglecrystalswere

slackedlnthesamplecase.Thespecimenswerecool
eddownunderma.gneticAeldof0.25Tandhelda.t

77K.AftertltchstSANSmea_Surements(Il(k)),t
hespecimenswerebea.teduptoa.bout100Ka.ndthe

maglletic免eldwas ta.keno打andagainCOOleddown
to7.7K.ThesecondSANSrnea-stlrementSWereCarried

out(Ⅰ2(k)).ThesubtractlOnofI2(k)from Tl(k)w

asperformedafterthesca･tteトlngintensitieswererLO
rmaliZeduslngthetotalcountsTheresultisshown

htFig･41ThewholescatterlngintensitylSVeryWeakaJldtheirarLgula.IdepeJldence

seerrutobera.therJrregular.Thescatterlngintens
ltleSWereFouriertrallSformedJntOthecorrela.lion

function TheresultisshownlnFig.5.Awed.kfour-

foldsym皿etrlCCOrrela.tlOnWasobserved･ThisregularcorrelatlOnSareLLmtedon

ly0
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orrelat10nrunCtLOn†orBL2212underexterna)TT･agne

hc6eldol025Tat77ⅠくlnthecentralreglOn,butdoe

snotcontlnuetowardsthehigherraAla′ld】stanceTh∫stac

tstlggeStSa･nexis-tenceolsquarelJkeshortraJLgeOrderlng.Theshortest-

dista,AcewaseStima.t

edtobe53nm.RecentlyCub'tteta】Slnvestlgated

theFLLmeltinganddecompositioninBi2212.Theyobse

rvedtheFLsigrLaldlSa･ppea′redatlowtemperatureafte

ra･pplylngasuthcleIltlyhJgh 翁eld,becauseofthede

compositiorLofFLJntOtwo-dimensionalpancakevortices

.Theysuggestedtha.tthedecompositiontakesPta.ceat

about0.065Tattemperatureslowerthan60K.Th

epresentcondltlOnOlap

pliedmagTLetlCもeld,0･25T ismuchhighertllanth

lSCrlticalReld･ThelorLgrangeOrderedFLLwasnotexpec
tedlrLthepresentexperimentalcon-dltlOnandthereforetheveryWea･ka･rLdra･t

herirregularIntensitydistrJbutlOnaSShownlmFl

g 4wasa･ppar-ent】ycorLSIStent.Intllepresentanalysis,how

everashortrangeorderlngamongFUsmight
besuggested,whichisTeali71edwlthina.coherentvolllme.The 1813dlmenSionautyof

theseorderedreglOnS,however,hasbeertrLOtdeducedfromtilepresentda,ta.Pe

rhapsde-pendingonthestrengthandnllmberderL

SltyOfplrLrLlrtgcenters,thebehaviourofshortra.neeorderingWluSe711


