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T11eneutroninterierencefilter,whichisallalogoustotheFably-Perotinterierometeribrlight, isawell-knownoptical

device. Excellentresolutioll,sensitivitytoonlyonecomponentofneutronspeed,alldrelativesimplicityinfabrication

makesuchdevicesveryattractiveibrthemeasurementoffineeffectswhichfbllowchangesinUCNenergy.Anumberof

fundamentalexperimentsmaybeperibmledusingaspecialgravityUCNspectromeにrwiUlacoupleofsuchiilterslocated

atdiffbrentheightsmsidetheneutronguide.

KEYOWRDS:UCN, interferencefilter,grovityspectrometer,dispersionlow,quosi-energy,

equivolenceprinciple.

§.3ExI)erimental testofthedisI)ersionlawibrslow
neutrons

Thedispersionrelationofneutronwaves inmatter,

correspondingtothepotential(1),maybewrittenwith

higllaccuracyinthefbrm

k2=";-4Jrp6, （3）

wherekoisthewavenumberoftheinitialwaveand"isthe

wavenumberoftherefiactedwave.Relations(1)and(3)

fbrmthebasis ofanumber ofprecisemethods fbr

measuringcoherentscatteringamplitudes, b,ofdi且brent

elements. AdvancedexperimentaltechniqueS3)permitus
toachieveanaccuracyof46/b-10~4whichisextremely
important fbr suchhmdamental experiments as the

investigation of neutron-electron scattering4) and
verificationoftheequivalenceprinciple.5)
Nevertheless,relation(3)isonlyanapproximation,and
correctionsoftheorderoflO~4 ,connectedwithmultiple
neutronscattering,shouldbetakenintoaccount.6) The
theoIyofthesephenomenaisoutlinedinRefS. 6and7，

however,nodeviaUonfi･om(3)hasbeenexperimentally

observedsofar.Relation､1)and(3)areroutinelyuSedfbr
calculatingopticalphenomenainUCNoptics.

§.1Introduction

TheneutroninterferencefilteI;whichisanalogoustothe

Fabry-Perot interferometer fbr light, is awell-known

opticaldevice. ItwasproposedbyA.Seregin')andtestedby
A.Steyerleta1.2) Excellentresolution, sensitivitytoonly
onecomponentofneutronspeed,andrelativesimplicityin

fabricationmake sucll devicesvelyattractive fbr the

measurementOffineeHeCtswhichfbllowCllangeSinUCN

energy.BeloWweshalldiscusssomepossibilitiesfOrusing

suchdevicesinfnndamentalneutronexperiments.

§､2NeutroninterferenCefilters

Theinterferencefilterisathree-layerstructurecoatedon

asubstratetransparenttoUCNItiswellknownthatlong

wavelengthneutronscatteringbymattermaybedescribed
bytheintroductionofanefrectivepotential,associatedwith
themedium

今

U=2"" β6，
〃7

(1）

where"jistheneutrollmass,pisthedensityofnucleiand

bisthecoherentscatteringlength. TheouterfilmSare

characterizedbyagreatervalueof"thantheinnerone.

ConsequendXthepotentialstructureofthefilterrepresents

atwo-humpedbarrierwithawell inbetween(seeFig.1 )
andexhibitstheessentiallyresonancecllaracteroflleutroll

transmissionintheviciniWofthequasi-boundstate. The
energy, Er, of山e resonance defined in the first

approximationbytherelation
l/2

［等"-"璽)] , ‘”ルコ=7rp, /rrルーr

wlleredisthewellwidtll,pistheintegervalue､andUj is

thepotentialoftheinnerfilinmaller・Theenergywidthof

tlleresonancedependsonthetimeoflifeofthequasi-
boundstatealldisdeterminedbVthewidthoftheouter

laVers. Theexactibrmoftlletranslnitivitvcurvemavbe
グ ジ

oblainedbytllequanlum-mechanicalcalculations.
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Fig.1.Three-layeredinterfbr,ence61ter・ Thestructureofthe

potential isshownat thetop.
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Nevertheless, tlle experimenlally obSewed ultracold

neutronlossesduringstorageinvesselsaresystematically

inexcessoftheoreticalpredictions. Thisso-calledstorage

anomaly8)nowremainsthepossibilitytosettllelimitof
accuracy in neutron life-time experiments. Some

theoretical arguments fbr possible deviations from

dispersion law(1) fbrextremelyslowneutronswere

presentedrecently.') Allthesame,noexperilnentshave
beenperfionnedwithUCNtotest(1)and(3)precisely.

Anexperimental approachfbraprecise test ofthe

validityofdispersionlaw(3)wasproposedinRef9. The

ideaoftheproposedexperiment isbasedonthespecific

propertiesofdispersionlaw(3). Ifsomecorrectionどtoit

existS, (3)maybemodifiedtoread:

"2=";-4'rjp6+g("" (4)

Equation(4)deScribesthechangeinthewavevectoron

refi-action. Due to translation invariance along the

interftlceofthemedia, thelongitudinalcomponentofk

doesnotchangeatreiractionand",| =kb,, Aiier the
cancellationof", , andAFo,l frombothsidesofeq.(4),one
obtains
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Fig.2. Layoutoftheproposedexperimenttotesttheneutron

dispcrsionlaww (1)detector,(2)interfbrence51ter-analyzer, (3)
neutronguide, (4)motor/turbine, (5)diskwithinterftrence
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Itiseasytosee,thatifB三0，thenormalcomponentofthe

wavevector inmediadepends onlyon thenonnal

componentoftheinitialwavevector"0上andnotonhO,or

morespecificallyBnoton"0,,. Inotherwords,achangeinkL

duetovariationinhO,lmeansthatsomedeviationfi･om(3)
must exiSt. Note thatmovingtherefractingmedium

parallel toitssuiflceisanexperimental altemativeto

changingtheneutronvelocity. Thevalidityof this

approachhasbeentestedexperimentally. '0) InRef9anew
UCNspectrometerbasedontlleuseofinterferencefilters

wasproposedfbrtestingthedispersionlaw.

Theessenceoftheproposalistoprepareanintelference
filteronthesurfaceofathinsilicondisk,amaterialthatis

flirlytransparent toUCN. Tllevalueof",, inmatter
dependsontherotationspeedofthedisk.ConsequentlXin

thecaseofanon-potentialdispersionlaw(4),changeinthe

rotationspeedwouldleadloashiftinthepositionoftlle

transmitting resonance. The energy of neutrons

transmittedthroughthemovingdiskwillbedeterminedby

asecondfilter・ Energyscanningwillbecarriedoutby
Va可ingtheheightoftheanalyzingnllerinthevenical

neutronguide(Fig.2).

Estimatedsensitivityto thepossiblechange in the
eHEctivescatteringamplitudeb,whichispropomonal to

thepotentialUis4b/6-10~5 iftheexperimentsare
perfbnnedat thelLLturbinesource. '') Note, that as
predictedinRef6,theemectivefieldcorreCtionisabout必、

whereJ-10~4.ThiSmustchangetoavalueof5×1O-5when
tllerelativevelocityvariesfrom"-61n/s(thediskatrest)

totheレ-200m/SwhenthediSkiSrOlaling.
Attllemoment,wellavestartedanexperimenlal lestof

thespectrometerwilhCu-Al-Cu iilters・ InFig.3 the
renectivitvcuI-veofsuchfilにrs､measuredattlleREFLEX

reneciometer,'2) idrepresenled.
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Fig. 3． Renectivityoftheinterfbrence61ter. Solidcurveisa

theoreticalpredictionwithaslightlychanged(about5
percent) innerlayerthickness.

§､4Neutrondiffractiononamovinggrating
Recently,theproblemofneutrondim･actiononamoving
gratingwasanalyzed山eoretically. '3) Itwasfbund, thata
dimactedwavestateisUlenon- ationarysuperpositionof

waves, each of themhaving an energy h処and
correspondingwavenumber"s,where

（2￥)v』 ｡ ,｡
27r(2s-1)"

のS==の十 , "s=
a

yisthegratingvelocityanddisthegratingspaceperiod.
Theexperiment tovenfythisresultmaybeperfbnnedヴ ヴ

usingtheUCNgraviO/spectrometerdiscussedabove. In

thiscase, 1hegratingwillbefbrmedonthesulfaceofthe
disklocaledbetweenthefilter-monochromator､ 2b， and

filter-analvzer､2a
〃 〃

§.5Villiditytestsofthcequivalcncel)rinciplcforthe
ncutron

Theequivalenceofinertialandgravitationalmassesis

oneoftheiimdamentalprinciplesofgencralrelativity
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inertialandgravitationalmassesbeingestablishedata
levelontlleorderofO.01.

Ameasurementofthe local accelerationoffreeftlll,

pelfbnnedfbrtheneutronwitllaprecisionof0．15%, iS

presentedinRefl7・TheestimateattheleveloflO~4given
inRef. 5 resultsfromacomparisonofcoherentneutron
nucleusscaltering lengtlls, obtainedwithtlleaidofa

neutrongravityrefractolneterandbypurelyneutronoptical
methods.18)

Ourproposalistoperfbrlnthespectrometricexpenment
inthepresenceofgravityinanon-inertial systemOf
referenCe(seeFig5).

Let a sourceofmonochromaticneutrons, S, anda

detector,D,spacedoutatadistanceZ,apartbelocatedina
non-inemal systemofreference. Inalaboratolysystem,

neutronsaremovingwithanaccelerationg. Reasoning
frompracticalconsiderations,onecanassumethatthelaw

fbramovingdeviceistheharmonicfimctionx=Asin(Qr).
Suppose, thatthedetectorllasanidealenergyresolulion
anddetectsonlVthoseneutronswhichhaveexactlvthe

ソ

sameenergyUleyhadwhenemitted.Wesetthedifference
betweenthevelocitiesofthesourceat lllemomentof

neutronemissionandtlloseofthedetectoraithemomentof

detectiontobeequaltotlleneutronvelociWchangecaused
bygravity.Asaresult,weobtainthedetectioncondition

gr=AQcos(Q(/+r))-AQcos(Qr), （7）
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Fig.4. Layoutoftheproposedexperimentonneutron
diffractiononamovinggrating: (1)detector, (2a)and(2b)
61ters, (3)ncutronguide, (4)motoI/turbine, (5)diffTaction
gratlng.
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whereristheneutrontimeofnight. Iffmuchlessthanthe
oscillationperiod,eq.(7)becomestrivial

g=-AQ2sin(Q/)=Q(/); Qr<<1 (8)
＞

回

ItiseasytoSeetllatthedetectoractsonlyatmomentsof

anexacIcompensalionofgravityacceleralion,9,byllle

acceleratedmovingofthesysteminafilllcorrespondence
withtheequivalenceprinciple. T℃stingthevalidityofthis
relationistheaimoftheproposedexperiment.
Theschemeoftlleproposedexperiment ispresentedin
Fi9.6． Tivoidentical filters(indicatedby l)arelocated
insideaneutronguide(indicatedby2)andsynchronously
movebyhannoniclaw.

Thetotal transmiSsionofSuchsystemrepresents, ina
firstapproximation, twopeaksonthetimescaleduringa
penod.Theirpositionsaredefinedbyibrmula(8). Strictly

speaking, lhetimeoffligllt,Zisasolutionofllleequation
う

"sin(Qr)+(}ノーa4Qsin(Q/))て±且Z二
2 （9）

=L+4sin(Q(/+r)) ,
where l' is tlleneutronvelocitV inareferencesvstem

″

connectedwiththefirstfilter.

Iftheamplitudeofoscillalion,4,ismuchlessthanthe

dislance,L,betweenfilters,andthegravityenergychange,
ﾉ"91,, ismuch less Ihanthcneutronenergy, then the
solutionofEq(9) isnol lnuclldinerentfromthevalue,

fb=L/1ﾉ,"wherel',"istheneulronvelocity,correSpondingto
themaximumtransmissionofthefilleratrest.

InFig.7 theresultsofacomputersimulationoftlle

experlmelltarepresented. Tblaltransmissionofthepairof

filterswascalclllatedasafUnctionoftllemovingphase

Fig.5．Thespectrometricexperimentinanon-inertialsystemof
reftrenceinthepresenceofgravity(seethemaintext).
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Fig.6. Layoutoftheproposedexperimentfbrtheequivalence
principletest.

theory・ Inthecaseofmacroscopicbodies, thisweak

equivalence principle has beenverified'4''5) witll a
precisionontheorderoflO~'2.Inthecaseofelemelllaly
pamcles, however, theprecisionissignificantlyworse.

Experimentscarriedout ibrmanyyearswithneutron

interferometers'6)haveresultedintheequalitybetweelltlle
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'=Qrunderthefbllowingconditions. Thefilterswere

theCu65-Al-Cu65typewiththicknessof350-280-350Aan
energyresolution2.5neML=10cm, theamplitudeof

oscillation4=1cm, andfrequenCy/=7.4Hz,which

correspondstoamaximumaccelerationof2.219.

ByfittingthenumberofcalculatedtransImssioncurves

attheexactdefinedmovinglawjthegravib/acceleration,9,

wasextracted.Nodataconnectedwiththqfilterproperties
wereusedinthisprocedure.Asaresult, itwasfbundthat

anaccuracyoftheexperimentofaboutoflO-4maybe
achievedifstatisticsontheorderoflO~6arecollected.

EstimaUonsshowthatatimeontheorderofsomedaVsis

enoughfbrtheexperimentifit isperfbrmedat thelLL
UCNsource.'')
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