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nlepossibilityofusmganextremelysensitiveneutronmterferometrytechniquetocalryoutprecisemeasurementsofthe
paritynon-conservativeeflbctsinneutronspinrotationisdiscussed.AnaccuracyofaboutlO~5radcouldbeachievedinthe
detemlinationofspindirectiondependentphaseshifts.Themethod,feeiomsomesystematiceirbctslimtmgpresent
polarizationtecmiques,canbeusedasanotherwayibrthesmdyofparitynon-conservationeflEctsinweakinteractions.
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wheretheposiUvesignofjpNccorrespondstoangh[
→

handrotationofOaroundP.

The experimental approachused inanumber of

expenments、wheresucheHectswereobserved､5, 6) is
neutronpolarimetly,thatisthemeasurementoftheangular

rotationoftheneutronbeampolarizationvectorlpNC A
majorproblemintheseexperimentswastheseparationofa

smallPNCenect fifomtheneutronprecessioninthe

residualmagneticfield・ InordertoextractanetPNC

signalfromthisbackground,aspinnipcoilwasinsertedin

thecentreofalowfieldregion. MeasUrementswere

camedoutwiththesamplealternatelyplacedbefbreor

behindthespinnipcoil: thesignof@pNcwaschangedfbr
thesetwosample'spositions,whereas theangleofthe

neutronprecessionintheresidualmagneticfielddidnot

changesign; itallowedthecompensationofthelarge
systematicaleHect.

Anewwaveofinterest tosuchkindofexperiments

appearedlastyears、whenHeckel7) repoltedanon-zero
resultfbrnamrallead. SucheHectcanbeexplainedbythe
valentmode1,8)sothat experimentswithleadarelooked
uponastestsoftwodiHerentmodelsofweakinteraction.

Itwasproposedthattheisotope207PbcouldbeIresponsible'
fbrthiseHect. Asetofcarefillexpenmentshasbeen
camedoutatHahn-Meitnerlnstimte､BerlinbvaBerlin-

ヴ

Moscow-Seatlecollaboration.．i on.9) Theseexperimentsalso
showedthattheproblemofStraymagneticfieldsisnotyet
soIved. Becauseofsmall-angleneutronscatteringinthe
sampleandthedivergenceoftheneutronbeam,thetarget

makestrajectoriesofneutronsdiHerentfbrthetwotarget
positions(befbreandbehindthespinnipcoil). Theangles
oftheneutronspinprecessioninstraymagneticfields
befbreandbehindofthiscoilaregenerallydiHerent. Thus,
because the change ofsamplepositions induces an

uncompensatedsystematicalerror,illimitstheaccuracyof
expenments.

HereanewmethodfbrStudyingthePNCeHectson

neutronspinrotationisproposed. Itisbasedonmetllods

ofneutroninterferometlyandprincipallydoesnotrequire
thechangeofthesamplepositioninordertoidentifya
smallPNCeHectabovetheneutronprecessioninmagnetic
field,sothatitisfreefromthesystematicalerrordiscussed
above.

The pariq' non-conservation inweak interaction

providesapossibilitytoinvesUgatethenamreoftheweak

fbrceinthepresenceofthemuchstrongerelectromagnetic

andstronginteractions,andisthesubjectofpennanent

interestduringdecades. Inthisworkit isattractiveto

studythetransmissionofcoldneutronbeamsthroughthe

matter, inwhichcasecoulombscatteringisabsentandthe

stronginteractionmanifestesitselfastheneutron-nucleus

fbrwardscattering.

Weakcumentsresult insmallparity-nonconselvation

(PNC)eHectsunderthepropagationofneutronsthrough

theordinalymatter. ThemostsensitivelinearPNCeHect

hasfirstbeenconsideredbyMichel.') ThiseHectappears
infbrwardelasticscatteringastheopticalrotaUonofthe

transversecomponentoftheneutronspinaroundthe

propagationdirection・StodolsIq'2)proposedtolookfbran
electroncontributiontothiseHect,thatcanbecomparable

tothenuclearone． Later;Forte3)hasproposed山atPNC
eHectscanbeenhanced inthevicimtyofaneutron

resonanceevenatthermalneutronenergies.

Thescatteringamplimdeinthiscasecanbewrittenas

thesumofparityconseIvativeandnon-conselvativeterms:

/(3)=jic(9)+/hNC(9) (1）

Forpolarizedneutronbeamtransmissionthroughanon-

polarizedtarget theweaktenn inneutron-nucleus

interactionresultsinanaverageinteraction､ thatdepends

ontheneutronspin5andthemomentumofthebeamP.

/hN℃(0)=c<ふ戸〉 (2）

where the complexcoeHicientCis expected tobe

proportionaltoG, theweakinteractioncouplingconstant.
Therealpartofthecoe伍cientC,whichisconstantatlow

energy, resultsinahelicitydependenceof'pNcJtwas
shown4)thatfbraneutronbeamwithpolarizaUonvector
→

P, therotationangleoftllisvectoraroundPis

'PNC＝-47r･"･/･Re(C)
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り÷=p･r･("業－1)=p･r･";c+p･r･"戸"C==
＋ ＋

＝｡PC十｡PﾊﾉC (4a)

1－、
、

、
｡=p"r ･("~-1)=p･r ･"Fc+p･/ ･"FNc ＝＝

(4b)=｡PC+のPNC

Here,paritynonconservativepartsofthephaseshiifare

÷ ＋

p月vc =p･〃即c ･ r (5)

whereristhesamplethickness.

TWodiHerentwaySdeにnnimngのpﾉvC inaneutron

interferometlyexperimentaretheuseofthetranSversally
orlongitudinallypolarizedincidenIneutronbeams.

In the first case, the experiment is juSt neutron
intelferometryanalogueofPNCexperimentsdescribed
aboveandpnncipallyisthemeasurementoftherotation

angleofthespinoftransversallypolarizedincidentneutron

beam, thatistherotationofthepolarizationvector・ The

phaseShifiのpﾉvCcanbedefinedby山eangleofthePNC

spinrotaUon,as

=jPNc/2.｡Pjv℃

Inthesecondcase, theneutronspin isparallel or

antiparallel tothemomentum、 soitdoesnot leadtoany
rotaUonofthepolanzationvector. However, opposite
helicities+land-lwillresultinpantynonconsewative
phaseshifi(Eq. (4)).

Inbothcases theparityconservationpart①pc （Eqs．

(4a)and(4b))consistsofnuclearandmagneticphaseshifis

＝偽幽cj＋△の,”'Pc

Here

／／

I] ､_，
Fig.1. Layoutoftheexperiment. 1.neutroninter危ometer，
2-Hipper,3-sample,4-shifter

Asitwasalreadymentionedabove, theneutron-nucleus

weakinteractionresultsinthehelicitydependenceofthe

coherentfbrwardscattenngamplitudeノ(0). Itcanalso
bedescribedbytheneutronrefractionindex"

［Ⅷ÷響'｡I．〃＝

where iis theneutronwavelengthandNtheatomic

densiW Ifj+(0)and/~(0)aretheamplitudesfbr
helicity+land-1,respectivelyithenonecanwrite,uSing

Eq. (1):
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( c. isthecoherentscatteringlengthofthesampleunder

thestudy)and△？"! isthediHerenceoftheneutronspin
precessionanglesintheresidualmagneticfield,whichcan

havearathersmallvalueofabout0.51nG(definedbya
propermagneticshielding),butwhichprincipallycanbe
diHerentfbreachofinterferometers'anns.

Reversingthespinstatesoftheincidentbeamchanges
onlythesignsofthePNCeHectand山emagneticphase

shifi,somatonecanwrite（｡O 1saninitialphaseshift）

sothattheneutronrefractionindexconsistsofaparity

COnSeWatiVePaIT"pCandaCOmParatiVelySmallParity

nonconsewativepart"pﾉvc，

Letusconsideraneutroninterferometryexperiment,

whereasampleisplacedinoneoftheintelfierometeranns

andthespinstateofthepolarized incidentbeamis

controlledby a flipper, installed in front of the

interferometer(Fig.l).Tbtalphaseshifis,acquiredbytlle

transmissionthroughthesample,ofneutronwaveswith

oppositespinstatesll>andll>,parallelandantiparallelto
theneutronmomentum､are

ａ
、
ｂ

６
６

剛
Ｐ
Ｃ
砿

の
の
，

＋
｜

必
偽

△
Ａ

＋
一

Ｃ
Ｃ

″
“

仏
偽

十
十

鮎
偽

↑
↓

の
川
ｌ
（
似
川
’①+=p･ j･"+ (3a)

Thus, inthiscaseoneavoidstheuseofthespinnipcoilin
thelowfieldregiontochangesignofthePNCenect,and

problemsconnectedwithit. TheeHectcauSedbyresidual
magnetic iield slightlyviolales the symmetryof the
experiment, but it canbecorrectedfbrmeasurements

without sample(Eq. (6)), andthereibreonecaneasil)'
、

evaluateSuChasymmetry.

①-=p･r ･"- (3b)

sothatthephasediHerencebetweenbeamslandll(seeFig.
1),whichisactuallymeasuredbytheinterferometer,canbe
writtenas
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ThecruxofthematteristhatthechangeoftrfUectoriesof

neutronsbecauseofthescatteringinthesamplewillresult
inverVmuchreducedsvstematical error. Indeed、 the

scatteringviolatesextremelyrigidintemerenceconditions,
so that scatteredneutronswill not contribute to the

interferencepattem, butonly tothebackground, and

slightlyreducetheinterferencepattemvisibility. Only

neutronsscatteredwithinasmallangularacceptanceAe-

Isecofarcwillstillcontributetotheinterferencepattem,

buttheartefacttheycancauseisproportionalto(Ae)2and
isnegligible.

Thus,onlyoneoftheconsideredeHectsmilmcsthePNC

spinrotation. However, intheproposedmethodthe

measuringprocess is confined to the size of the

interferometel;sothatthelengthofthemagnetic6eld-free

space isabout6cm, incontrast totheconventional

polarimetlytechnique,whereitamountsupto30cm・ This

factreducessignmcantlytheproblemofresidualmagnetic

fieldintheneutroninterferometlymethod.

Moreover, inourcasethechangeofthespinstateofthe

neutronbeamisrealizedbyaflipperwhichisplaced"or

胸Si火、buto"応/deoftheapparatus.Thus､recordingtwo

interferencepatterns(Eqs. (6a,b)),whichcorrespondto

thespin-upandspin-downstatesofthe incidentbeam,

onecandetermineA｡pjvC. Certamly, theaccuracyof

detenninationofAのRﾊﾉC isdefinedbytheaccuracyof
phasemeasurementsinneutroninterferometlyexperiment

andthelatterdependsonthevisibilityofinterference

patternandcountrate. Simulationsshowthatibra30day
experimentontheneutronintelferometerinstalledat the

reactorofHMI(P=10MW),'0)theneutronopUcalactivity
atthelevelof5.10~5canbedetennined.Certainly,theuse
ofmoreintensiveneutronsourceswillallowimprovement

ofthisvalue. Forthehigh-fluxreactoroflLLthislevelcan
bedowntolO~5fbrthesametimeofdatacollection.This

is comparable with the sensitivities reached in

experiments,5-7'9)whichwasaboutS･10~6
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