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AdeBrogliewavewillsuffbrasmallchangeofmomentumill thedirectionofmotionibllowillgtheilltroductionof

trallsversespatialconstrictions.Thisresultsinachangeinphaseofthewavefimctionthatispurelygeometricalillorigin.
'I11ispredictedphasechangewill bemeasuredby introducmg thecollstrictioI1s intoaperibct clystal neutro11
1nter企rometerattheUnivel･sitvofMissouriresearchReactorCenter.

ザ

KEYWORDS:deBrogl iewove,quqntumphoseshift, spotiol confinement

§､1. Introduction
1，

1n l987 Levy-LeblOnd､'ノ and independently

Greenberger,2) devisedanexperiment toobsewe the
cllangeinphaseofthennalneutronscausedbyspatial

boundIyconditions.

WearecarlyingoutthisexperimentattheUniversityof

MissouriResearchReactorCenterusingaskew-symmetric

peIfectsiliconcIystalneutroninteIferometerandanan･av

ofsquarecapillalytubesinordertotestthisproposition.

p=､/Z両百andp'=p､/1－"2刀2/,"”’

(7）

AssulmngAp<<pandusingtherelation,

△①－2“/内 （8）

weobtainthechangeofphase、

△①三("/2)(え2/α2) （9）

Similarlvfbrthecasewhere theconstrictionsareone

dimensional, i.e.,atransmissiongrating, theeHect isa
factoroftwosmaller.

§､2.QuantummeChaniCalfOundatiOnS

Considerathermalneutrontravellinginthez-direction

withawelldefinedmomenmmp,mass"1, incidentona

channelofsquarecross-sectionofsidelengthq, length2,

andpossessingimpenetrablewalls.Assumethatl<<Q((2.

Theincidentasymptoticwavehmctionofthetherlnal

neutronmaybeexpressedas

'I{"coceips/ハ （1）

withenergy,

E=p2/2"' (2)

anddeBrogliewavelength,

え="p (3)

Insidetheconstriction, theboundaryconditions,

W(x=0)='P(x=Q)=W(y=0)='P(y=Q)=0
i41
1 今ﾉ

giverisetoasolutionofthetime-independentSchrOdinger

Equation,

IE,","" cCSin("x"X/q)Sin("""/q)ei"､:/", (5)〃‘x ，〃y

whereﾉ7xand"yarepositiveintegers. Thishasanenergy,

E=p2/2"'+(":+";)'r'/12/2"7q2 . （6）

§.3.ExI)CCtedReSultS

Agraplloftheexpectedchange inphaseof233A
neutronsasafUnctionofconstricUonsidelength,a, is
showninFig.l.

Forexample, thechangeofpllaseofabeamofneutrons
O

withawavelengthof2.33Aincidentonasquarecross-
sectionconstrictionofsidelength20micronsandlength
30mmisexpectedtobeO.llradians.
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Thatis,themomentumoftheneutronhasbeenchangedby
anamount4pwiththeintroductionofconstrictions"

Forthesimplestcasewhereﾉ7x="j,=l,(highermodes
willbebelowdetectablelimits)

Fig. 1. Graphofexpectedchangeofphaseasa fi,nctionof
conStrictionsidelength,2.
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§.4.ExI)eriment
J.1. Aﾉど""℃〃肋/eﾉ@m"ﾉereﾉ〃

ヅ

ThephasechangewillbemeasuredusingaperfbcI
silicon cI-vstal skew-svlnmetric fbur blade neutron

intelferometer shown inplaneviewinFi9. 2. The

intelferometer operates by a series of fbur Laue

transmissiolls fi･omthe (220) crystal planeswiththe
今、

incidentthermalneutronssatisfyingtheBraggcondition.コノ

Thefburbladesproducemirrorandbeamsplittillgeffects

inatopologyanalogous totheMach-Zehnderoptical
intelferometer.

Thealuminiumphaseplate isrotatedtoproducea

variablepllaseshiitandsetstheoperatingpointonthe

inteIferogram.Maskedconstrictionswillthenbeplacedin

onepatllofthebeam, andthephaseSllift iSdirectly
measured.

J.2Mm"でo/.r/Teco"s"/c"o"s

Theconstribtionsarecomposedofanarrayofsquare
channelborosilicatecapillariesconstmctedbyapatented

process4)developedattheUniversityofMelboume.
Aphotographofthecross-sectionofsuchanarraywith

anopenareagreaterthan70%andanaspectratio,array

lengthtochannelsidelength,oflOOO,asshowninFig.3.
Thegeometlyandsurfacequalityoftheinteriorsofthe

capillaliesiSSu伍cientlygoodtogivehigllreflectivityat

anglesbelowthecriticalangle,asdemonstratedbyX-ray

experlmentS.

4.3.Pﾉ℃g""Repo"

Anopticalanalogueoftheproposedexperimenthasbeen

peIfbrmedandverifiedtheprinciple. Calibrationand

characterizationofthesquarechannelcapillalyarraysofa
vanetvofsizes iscurrentlvunderwavwithsoftX-ravs.

シ

Preliminaly experiments with neutrons have also

commencedandareexpectedtoconcludeinl996.

Fig.2. Schematicoftheexpectedexperimentalarrangement
showingtheconstrictions insidethecrystal interftrometer.
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§､5.Conclusion

Inthisexperiment, thephaseoftheneutrondeBroglie
waveiscllangedbyvirtueofspatialconfinemenlalone, i.e.、

alongitudinalmomentumchangeoccurswitllnoapplied
fbrce. Inthat senseit isanalogoustoAharonov-Bohm
eHectsanddemonstratesanotherhithertounverifiedno11-

localaspectofquantummechanics.

Fig. 3. Photographofthecross-sectionofatypicalsquare
channelconstriction.
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