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Measurementsofhelicityasynnnetriesinslowneutronreactionsonnucleihavebeenperibnnedbytransmssionand

capmreY-raydetection. Largeenhancementsofparity-violationeffectshavebeenobservedonp-waveresollances
ofvariousmediumandheavynuclei・T11eweakmatrixelementsinhadronreactionshavebeendeduced廿omthese

experimentalresults. Neutronspmprecessionnearthelwaveresonancehasbeenmeasured,
Inrecentyearsviolationoftimereversal invarianceisbemgsearchedfbrintheneutronreactionsinwhichlarge

enhancementsoftheparityviolationeffectshavebeenobserved・ TTlemeasurementofthetemlql(A叩×I) ina
neutronreactionusingpolarizedneutronsandapoladzedtargetisanexampleofthetestofT-violation.
Polarizationsoftheneutronandlanthanumnucleusfbrtheseexperimentsarealsopresented.
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§､1.IntrOduCtiOn
Parity non-conselvation(PNC) in hadron-hadron

reactions isofimportancefromthevievpointofthe

weakinteractioninhadronicprocesses. Suchemects

areverysmall innucleon-nucleon(N-N) interactions,

sincethestronginteractionisdominantinthesesystems.

Exchanges of light pseudoscalars andvectorswith
vertexesofweakinteractionsarethemainconmbutions

tothepariWviolatingprocesses・ TheratioofPNC

potential toparityconservingone isesUmatedtobe

aboutGF"!:-2×1O~nThePNChelicityasymmetryin
thetotal crosssectionfbrp-pscattering("L!｡' )was
measuredtobe-(0.15±0.022) ×10-6at45MeV')
Over the last decadeexperimental eHbrt hasbeen

devotedtothemeasurementoflargePNCasymmemes
innucleon-nucleus interactionswherethePNCeHects

areenhancedduetotheintelferencebetweentheenergy

levelsofUlesamespinandoppositeparitiescloseeach

other. Wrylargeefects inthehelicityasymmemes

havebeenfbundinlowenergyneutroncapturereactions

atp-wavereacUonsatDubna,KEKandrecentlyatLos

Alamos・ The largest helicityasymmetryhasbeen
observedon theresonanceatE"=0.734eVfbr the

n+'39Lareactionintheaboveinstimtions. Fromthese

results we could study themechamsmof the

enhancementoftheparibrviolationeHect inneutron

resonanceabsolptions. Furthennore， theweakmatrix

elementofthehadronicprocesscouldbededucedfrom

theexperimentalresults.

On the other hand、 the large spin rotationof

transversely polarized neutrons near the p-wave
resonancefbr then-'39Lareactionhasbeenfbundat

KFKandGatchina.2) Theresult isconsistentwiththe

interfbrence model which explains the helicity

aSymmemeS.

Inthefirsthalfofthisreportweshowtherecent

resultsofthemeasurementofparityviolatingeHect in

neutroncapturereactions intheresonanceregion. In

thesecondhalfofthisreportweexplainthepossibilityto
measuretimereversalviolationintlleneutronresonance

absolptionusingthelargeenhancementenectasinthe

caseofparib/Violation. Polarizationsofslowneutron

andLanucleusfbrtheseexperimentsarealsoshown.

§.2.Measurement ofParityViolation inNeutron
CaptureReactionsatKEK

Themeasurements ofspindependent parameters

relatedtothepariO'violatingeHectinneutronresonance

absorptionsonnucleihavebeencarriedoutbymeanSof

detectionofemittedy-rays atKEK. They-rays
detectionmethod is advantageous compared to the

neutrontransmissionexperiment, sinceit isinsensitive

topotenUal scatteringwhichhasnoparib/ violating

eHect. In the resonanceabsorptionofepithermal
neutrons, s-wavecontributionisdominant andsmall

contributionofp-wavealsoexists.

Neutronshavebeenproducedinaspallationsource,

wherepulsedprotonbeamsfroma500MeVbooster

synchrotronatKEKhavebombardedauraniumtarget.
Neutronsarepolarizedwithapolarizedprotonfilter

aiiermoderation. Thehelicityasymmetriesofcapture

Y-rays,whiCh correspond to "4,0o7,・た", have been

measuredonp-wave resonances fbr several target

materialswithmediummassnumbers、whereoi, isthe

neutronspinvectorandk" is theneutronmomentum

vector. Non-zero",0Ishavebeenfbundatp-wave

resonanCesibr139La,8'Brand1''Cdtargetsasshownin
'Inble1.3).4)
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Tablel.ThehelicityasymmetriesA,oofcaptureY-rayyields
measuredinp-waveresonancesfbrl39La, 81BrandlllCd
targets.ThelxBWlaswellastheenergiesofs-andp-wave

resonaneesE,Eharealsoshown
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'39Lahavebeencamedout、where比visthemomentum
vectorofemittedy-rays. Theparametersonthep-wave

resonanceof'39Lacanbeexplainedapproximatelyby
thefbllowingequationsbasedonthes-pmixingmodel,
assumingthespinsoftheresonanceandthefinalstateof

they-transitionare44),6).

信馬‘對覗2， "”42－〃

･(-0125x-0.074)ﾉ),

Thelargestvalueof4,0wasfbundtobeO.095 0.003

0nthep-waveresonanceatE"=0.734eVfbrthe!39La
target.Theangulardependencesofy-raysfbrJ4,0with

abovethreetargetshavealsobeenmeasuredandfbundto

beindependentofewithinexperimentalerrors.

TheenhancementofhelicityasymmetriesuptolO6
canbeexplainedintheframeworkofs-andp-wave

ⅡⅡxing inwhich the intelference tennbecomes

remarkably largedueto longlifetimesofcompound

states, smalldiHerenceintheresonanceenergiesfbrs-

andp-waveneutronsand largecentrifilgal potential
bamersfbrp-waveneutrons.5) Inthecasewithonly
onep-waveresonanceandones-waveresonancethe

tenna4,0satisfies 得，喰、
r〃
S

r;

-2"(E"一E,)
z49-一一ソ

(E"-E,):+(r,/2)'r;Vr;、ｰ~~'，
（2.3）

where77isaphasefactorandalmostequalto±l inlOw

energyneutroncapturereactions. ThersYandrpyare
Y-raywidthsfbrp-ands-waves,respectively. TheE"is

{r;II,/r;theneutronenergy. Wedefinexandyas

J1W,,,/r;,,hlherer",-r","+and

,/rI/r;,xandyr"p3/z. Wehaveobtainedj49, 442,

侭
2x"

Ep一E,
"10= (2.1)

whereEhand&aretheresonanceenergies,r"pandr",
aretheneutronwidthsofthep-ands-waveresonances,

respectively. The"istheweakmatrixelementinthe

inteIferencebetweenthes-andp-waveresonancestates

andxisgivenas×2=r",,瘤/r",,whererqp,"is the
partialneutronwidthfbr/=1/2p-waveneutrons. (Theノ
isthetotalangularmomenmmofincidentneutrons).
Theexitchannel interferenceeHecthasalsobeen

measuredintheasymmetriesofY-rayyieldsfbrneutron
capmrereactions. Themeasurementsofthe tenns

442o7,･(k"×ky)andA,o7,･たγnearthep-waveresonanceof

fbr individualy-raytransitionsfbrthe139Latarget
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Fig.2.PreliminaryresultsofparityviolatinghelicityasymmetriesPmultipliedbyVEatLosAlamos.

The｣42and&49havedispersiveE"dependencenear §.3.DeterminationofWeakMatrixElementfrom

thep-waveresonanceandtheychangethesignat the DataonHelicityAsymmetries fOrNeutron
centeroftheresonance. Inorder tocarlVout the TransmissionatLosAlamos

expenment、 it isindispensabletoobserveindividualy- TheTRIPLEcollaboratorsfromUS, Japan,Russia,

ray tranSinons separately. Themeasurementshave CanadaandNetherlandshavedevelopedanapparatusto

beenperfbnnedatKEKwitha'39Latargetandtwoy-ray measure the helicityas)mmetries of slowneutron
counterswith5"Nal(Tl)asshowninFigl. inducedreactionsatLANSCEinLosAlamOs. The
Transverselypolarizedneutronbeamsllavebeenused lOJlgitudinalasynunetriesonUletargets,238U,232Th, '271,

1151n, andnaturalAgandXeweremeasuredusingfbrj49and42measurements.

Experimentaldataonthey-raytransitionof51MeV (ransmission deleclorsmade of lQB-loaded liquid
showihat scintillatom lnaddition, thedataon!'3Cd,andnamral

Pd and Sbwere takenusing both the neutron

イロ/Iy=407"07, 爵畷翔舞謡職淵:鼠蝋纈患'藤
beenobservedonp-waveresonancesintheenergyregionAフ=0.011±0.115, （2.4）
of0．1～500eVI Thedataarestillunderanalvsis.

4＝0.068±0.140. Dr.,imfi.,F､, ,､｡,;,､;fT, "､c.､,"､m､｡f"｡_f, ,､,､､ ,,､｡,J'､+_,､Ff(PPreliminaryhelicityasymmemesfromthedataofl993

areshowninFi9.2. Theasymmetrieswereobtainedby

Fromtheseresultswehavededucedtheamountofthe measuringtheneutronlransmissionfbrall thetarget,
weakmatrixelementas: 6) exceptfbr ''3Cd. Thedatafbr''3Cdweretakenwithy-

ravdetectorsmadeofBaFっscintillators．
シ

〃＝33土穏[1neVI (25) InthecaseoftheLosAlamosexperiment thereare

man)' p-wave resonances interferedwith several

neighborings-waveresonances. Theparityviolating
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asymmetryPifbrthe/thp-waveresonancecanbewritten
aS

”＝4ﾉ"'g x"(Iyr;)'/2

"[｡ [("J=-:"}{(E-E")"&
｛“)(E-‘排かr"｝

1'y
2x,4､/Iw/r;), (3｣)"==(E=

J 〃

where

くり,|""> (32)喝＝
Accordingtothestatisticalmodel of thecompound

nucleus, theneutrondecaywidthsandtheweakmamx

elementsIfjisareGaussianrandomvariableswithzero
mean. Ifthespinoftargetnucleus iszero, parity

violationtakesplacefbrtheresonancewithspinl/2,
thenxj=1. Inthiscasetheasymmetriesaremean-zero

withvarianCe

（4.1)

where " is the nuclear number density and

g=(2ﾉ+1)/2(2I+1) isastaUstical factor. TheEisthe

incidentneutronenergy.

RecentlXthe rotationofneutron spinhasbeen

measurednear thep-waveresonanceofthereaction
'39La+natE=0.734eVatKEKandGatchina. The

resultsobservedatGatchinaareShowninFig. 3. 9)A
theoreticalpredictionisalsopresented. d'/ftatE=

易±Ir/2hasbeenfbundtobe±(4.2±0.5).10･3rad/cm.

1：（亭‘三z"仲糾’』，<22>=M2

where

〈序〉 （34）M2=

Inthecasesoftalgetswithspinnon-zerowemusttreatxj

asarandomvariablewithaprobabilitydensityfilnction,

thatisnotGaussian,sincer"p,/2+r"p3/zisfixedfbreach
Thevalues ofMa arebeingp-wave resonance.

calculatedwithmeasuredasymmemes fbrUle target

nucleibymeansofthelikelihoodanalyses､8)ThereSults
seemtoindicateasmoothmassbehavioroftheweak

mamxelement.

§.5.TEstofTimeReversalVi01ationinSIowNeutron

ResonanceAbsorption

The test of time-reversal (T) violation is in

preparationatKEKusing largeenhancementwhich

happensfbrparityviolatingeHectsinneutronresonance

absorptionsinnuclei. Themeasurementofthetenn

o7,･(k〃×I) isasimpleexampleofthetestofT-

violation,whereo7, istheneutronspin,た〃istheneutron

momentum,andIisthespinofthetargetnucleus.'0).'')

Thefbrwardneutronscatteringamplitudeinneutron

SplnSpaCelsglvenas、

/=｣44+Bbh･I+Cbh･k"+Dbh･(k"×I) (5.1)
§.4. Neutron SpinPrecession near the p-wave
Resonance

Whenthepolarizedneutronpassthroughmatterl the

weakinteractiongivesrisetoprecessionofneutronspin

aroundtheneutronmomentum. Theamountofspin

rotationiSproportional totherealpartofthediHerence

between the fbnvard scatteringamplitudes fbr two

oppositeneutronhelicities. Theneutronspinrotation

nearthep-waveresonanceisdesCribedasthefbrmula,

Thej4'representsthemainstrong-interactionamplimde,

B' tllespin-dependent strongamplitude,C' theparity-

violatingtenn, andD' theT-andP-violatingtenn.

Theincidentneutronspinstate(Ui)isrelatedtothefinal

state(q)afiertransmittedthroughatargetas
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pentacene, electrons on the triplet state are
spolltaneously aligned. The diHerence of the
populationsbetweenIwola'elsamongthreesublevels
was transfbrred to thepolarizationofprotons in
pentaceneandnaphthalenebymicrowave irradianon
duringthelifetimeofthempletstates. Electronsmake
transitiontothegroundstatewithrelaxationtimeof20
ILsec. Protonsonthegroundstatearekeptpolarizedfbr
velylongtime. ThepolanzationofZ20%hasbeen
achieved at liquid N、 temperature and higher
polarizaUon isexpectedwithfine tumngsofseveral
parametersoftheESRandthelaser.
Recently,aNd3+:LaAIO3cn･stalhasbeenproposedas
apolarized!3'Latargetwhichis，･elyimportanttothe
testoftimereversal im'anance. ItwaSfbundthatLa

nuclei inLaAIO3containingNd3÷of0.03mol%canbe
polarizedbymeansof thedynamicmethod. The
microwavesof70GHzhavebeenappliedtotheclystal

inamagneticfieldof2.3TparalleltotheC3axisofthe
clystalat the temperatureofl.5K. ApulseNMR

techniquehasbeenusedfbrobservingsignalsoffree
inducUondeCayswithexcitaUonfrequenciesintherange
froml2MHztol6Ⅳ田z14) Thepolarizationof'39La
nucleihasbeenmorethan20%. ThemennalContact

betweenthenuclearspinsystemandtheNd3+spin-spin
interactionsystemplaySanessenUal role innuclear
polarizaUon. Thepolanzationof 139Lanucleus in
Nd3+:LaAIO3 is expecにd to increase at lower
temperature.

Aiestoftimereversal invanancewillbecarriedout

usingaLaAIO3target,polarizedneutronbeams, anda

neutronpolarizationanalyzer.

UT=6U,

=eirUi('4+Bぴ" .J+Cぴ" ･k" (5.2)

+Don･(k"×I))[ﾉj ，
whereg=27z",distllethicknessofthetargetandpis
thedensibroftargetnuclei、 "4,B,C,andDareshown
tobe:

A=eig''cos6,
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wherebisgivenas

､/B'2+C'2+D!]6＝g
OneoftheDoOneofthepo

(5.4）

meaSurementssibleexperimentsisameasurementof

thediHErencebetweentheheliciOrflip(+→一)andthat

of (－→+) during the transmSSiOn througha

tranSverselypolarizedtarget. It isproportional tothe

imaginarypartofinterfErencebetweentheB-andD-
termS.

Prob.(+→一)-PrOb.(一→+)=41mBD* (5.5)

ThediHerencebetweentheprobabilityofthespin

nOn-flip(+→+)ofverticallypolarizedneutronsduring

transmssioninatargetwhichispolarizedpelpendicular

tothedirectionSofthebeamandtheneutronspinand

thatofspinnon-nip(一→一)inlhesametargetisalsoa

T-oddparameter.

Prob.(+→+)-Prob.(一→一)=4Ra4D* (5.6)

§､6.PolarizationofNeutronBeamandLaTarget
InordertocarryouttheexperimentofthetestofT-

violation, anewtypeofpolarizedprotonfilter fbr

polarizingneutronbeamsandapolarized139Latarget
havebeenconstructed.

Neutronsbecomepolarizedafiertransmittingthrough

apolarizedprotonfilter.'2) Recently,anewmethodof
polarizationhasbeendeveloped, inwhichprotons in

pentacence-dopednaphthalenearepolarizedbymeansof

laserexcitationanddynamicpolarizationofaphoto-

excitedmpletstateofpentaceneinroomtemperatureor

inliquidnitrogentemperature'3). Apairofelectronsin
apentacenemoleculearediamagneticontheground

statebecausetheseelectronsareonasingletsiate(S=0).

Electronsareexcitedtoahighersingletstatebymeans

ofthe irradiationofapulseddye laser.Thespin-orbit

interactioncausestransitionfromasingletexciledstale

tothelowesttripletstatewhichisparamagnetic. When

amagneUcfield(~3KG) isappliedalongthex-axisof
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