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Ｂｕｌｌ・Fac・LihArts

HoseiUniv.，Ｎｏ．８８，１９９４ 

SupplementalRemarksonSpin-Dependent 

InteraCtionsinElastiCScatteringof 

DeuteronsatlntermediateEnergies 

MakotoTanifuji＊andYasunoriIseri*＊ 

＊DepartmentofPhysics，HoseiUniversity，ＴｏｋｙｏｌＯ２ 
*＊Chiba-KeizaiCollege，Ｃｈｉｂａ２６３ 

Abstract 

Forelasticscatteringofdeuteronsatmtermediateenergies，spin-space 

tensoramplitudesareintroducedbytheinvariant-amplitudemethodso 

thateHectsofTn-andTL-typetensorinteractionsaredescribedseparately･ 

Quantum-mechanicalcorrectionstotheclassicalconceptofanguｌａｒｍｏｍｅｎｔａ 

ａｒｅｓｈｏｗｎｔｏｖａｎｉｓｈｉｎｔｈederivationofthespm-spacetensoramplitudes、

Theexpressionsofcrosssectionforunpolarizedbeamandanalyzingpowers 

andpolarizationtransfercoeHicientsforpolarizedbeamaregivｅｎｉｎｔｅｒｍｓ 

ｏｆｔｈｅｓｐｍ－ｓｐａｃｅｔｅｎｓｏｒａmplitudes． 

§１．Introduction 

lnteractionsofdeuteronswithnucleiarecharacterizedbyhavingtensor 

componentsinadditiontocentralandspin-orbitones・Thelattersare

familiarinnucleon-nucleusinteractions・Forthetensorinteraction，three

typeswereproposedearlierintheviewpointofphenomenology')，the 

coordinate-dependentoneTn，theangular-momentum-dependentoneTL 

andthemomentum-dependentonｅＴｐ・Inactualscatteringorreactions，

however，effectsoftheseinteractionsareusuallymixedupwitheachother 
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ｅｖｅｎｉｎｏｎｅｏｂｓｅｒｖａｂｌｅａｎｄｉｔｉｓｈａｒｄtodistinguishtheeffectofapar‐ 

ticulartensorinteractionfromthoseoftheotherslnthefollowing，the 

considerationwillbefocussedｏｎｔｈｅｅＨｅｃｔｓｏｆｔｈｅｔｅｎｓｏｒｆｏｒｃｅｓｉｎthe 

elasticscatteringbysphericalnucleL 

Recently，bytheuseoftheadiabaticapproximationandthetwo-step 

model，theTJR-，TL-andTP-typetensorinteractionshavebeenderived2'3） 

asthesecond-ordereHectofthenucleon-nucleusspin-orbitinteractions， 

Theresultisapplicabletointermediate-energyscatteringbecauseofthe 

natureoftheapproximationused・There，contributionsoftheTp-interac‐

tiontopolarizationobservableshａｖｅｂｅｅｎｆｏｕｎｄｔｏｂｅｓｍａｌＬＯｎｔｈｅ 

ｏｔｈｅrhand，qualitativeestimationshaveindicatedthatothertwotensor 

interactionsmakesigniHcantcontributionstotheobservables、Thus，the

second-ordereHectofthespin-orbitmteractionpossiblyprovidesan 

importantcorrectiontotheTR-typetensorinteractionwhichhasconven‐ 

tionaUybeenattributedtotheeHectoftheD-stateadmixtureinthe 

deuteronground-statewavefunction4〕，ａｎｄａｌｓｏｉｔｇｉｖｅｓｔｈｅｓｏｕｎｄｂａｓｉｓ

ｔｏthephenomenologicalproposaloftheTL-typetensorinteraction，ｔｈe 

originofwhichhasbeenunclear・Toinvestigatethesecontributions

quantitatively，itwillbeworthwhiletofindamethodwhichidentifiesthe 

effectoftheTR-tensorinteractionandthatoftheTL-tensorone，separately、

Ｔｈｅｍｅｔｈｏｄｉｎｔｈｅｃａｓｅｏｆｔｈｅｅｌａｓｔｉｃscatteringhasbeenproposed6'2） 

bｙｔｈepresentauthorsandtheircollaboratorsbutithasessentiallyassumed 

thevalidityoftheclassicalconceptoftheorbitalangularmomentumand 

thequantum-mechanicaleHecthaslittlebeeninvestigatedOneofthe 

purposesofthepresentartiｃｌｅｉｓｔｏｄｅｓｃｒｉｂｅｔｈｅｄｅｔａｉｌｓｏｆｔｈｅquantum‐ 

mechanicaleHectandtogivethejustilicationofthevalidityoftheclassical 

concept・Thetheoryisbasedontheinvariant-amplitudemethod，which

wasproposedearliero）ａｓａｔｏｏｌｏｆｔｈｅｅｘａｍｉｎａｔｉｏｎｏｆｒｏｌｅｓｏｆｓｐｉｎ‐ 

dependentinteractionsinpolarizationphenomenaThere，thescattering 

amplitudeisdecomposedintotheinvariantamplitudesclassifiedaccording 

totheirtensorialcharactersinthespinspaceandthｕｓｉｔｉｓｅｘｐｅｃｔｅｄｔｏ 

ｂｅｅａｓｙｔｏｉｄｅｎｔｉfythecontributionofeachspin-dependentinteraction 

separately．Ｆorthedeuteronelasticscattering,ｗｅｗｉｌｌｇｉｖｅａｓｈｏｒｔｒｅｖｉｅｗ 
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ofthismethodprecedingtotheconsiderationofthequantum-mechanical 

eHecL 

Forthepracticalpurpose，itwillbedesirabletorepresentthephysical 

quantitiesintermsofspin-spacetensoramplitudes，whicharelinearcom‐ 

binationsoftheinvariantamplitudesconvenientfortheseparationｏｆthe 

TR-andTL-eHects，becausetheyprovidetheinformationwhichobservable 

isagoodmeasureofaparticularspin-dependentinteraction、Ｓｕｃｈｒｅ‐

presentationswillbegivenforcrosssectionforunpolarizeddeuteron 

beamandanalyzingpowersandpolarizationtransfercoeHicientsforpolarizeｄ 

beam・Ｔｈｉｓｉｓｔｈｅｓｅｃｏｎｄｐｕｒｐｏｓｅｏｆｔｈｉｓａｒticle．

§２．Invariant-amplitudemethodindeuteronelasticscat‐ 

teringandquantum-mechanicalcontributionBtoan‐ 

gularmomentainthespin-spaceamplitudeB 

lnthissection，wewillfollowHrstthetheoreticaldevelopmenton 

theintroductionofthespin-spacetensoramplitudesinref2Afterthat 

thequantum-mechanicalcorrectionswillbeinvestigated・Thetransition

matrixofthedeuteronelasticscatteringfromspin-lessnucleiisgivenby 

designatingthｅｒｏｗａｎｄｃｏｌｕｍｎｂｙｔｈｅｚｃｏｍｐｏｎｅｎｔ〃ofthedeuteron

spinas7〕

峰Ii-;-i）⑪
wheretherowdenotestheinitialstate，〃,＝1,0,-1ｆｒｏｍｌｅｆｔｔｏｒｉｇｈｔ

ａｎｄｔｈｅｃｏｌｕｍｎｔｈｅfinalstates，ソf＝１，０，－１ｆｏｒｍｔｏｐｔｏｂｏｔｔｏｍ、The

elasticscatteringrestrictsthematrixelementsas 

Ｃ＝Ａ－Ｅ－Ｖ百(Ｂ＋mcotO． (2.2） 

Thematrixelementsintheplane-wavestates，Ａ～Edescribetheexact 

scattermgamplitudeinthenon-relativisticform・Ｔｏｄｅｃｏｍｐｏｓｅｔｈｅａｍ‐

plitudesaccordingtothetensorialpropertyinthespinspace，ｗｅｗｉｌｌ 
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expandjWintothespin-spacetensoroperators，thejrcomponentofthe 

rankKtensorbeingdenotedbySx煽，

〃＝囚（－)底Ｓﾊﾞｰ信尺砲， （2.3） 
Ｋ■ 

ｗｈｅｒｅＲＫ億isthecounterpart，thecoordinate-spacetensor・Bytakingthe

matrixelementof（2.3)，ｗｅｇｅｔＧ） 

＜"f；ｋｆｌＭソi；ん'＞

Ｋ 

＝囚(－)'-ソi(11ｙ,－ソrlK)r）Ｚ［Ｇ((1)xcR-r(jGfル‘
Ｋｒ＝Ｋ－Ｋ 

ｘＦＸ丘(Ｅ,ｃｏｓＯ)， (2.4） 

ｗｈｅｒｅｍｓａｒｅｔｈｅｚｃｏｍｐｏｎｅｎｔｓｏｆｔhedeuteronspin’ん，ａｎｄ化ｆａｒｅｔｈｅ
〃

initialandfinalmomentaandklandXraretheirsolidangles、Ｔｈｅ
夕q

quantityKisKforK＝ｅｖｅｎａｎｄＫ＋１ｆｏｒＫ＝odd・Ｉ、（2.4)，ｔｈｅｇｅｏ‐

metricalfactorofthematrixelemeｎｔｏｆＳＫ－"appearsastheCGcoeHicient 

andthaｔｏｆＲＫ塵ｉｓｄｅｓｃｒｉｂｅｄｂｙｔｈｅにｃｏｍｐｏｎｅｎｔｏｆｔｈｅｒａｎｋＫｔｅｎｓｏｒ

ｉｎｔｈｅordinaryspaceisconstructedbyQ((,）ａｎｄＱ'(Hf)．Ｔｈｅｒｅ‐ 

mainingfactorFkr(E,cosO）isinvariantundertherotationofthe 

coordinateaxisandthuscalledastheinvariantamplitude・Theamplitude

isdesignatedbyKwhichistherankoftheassociatedspin-spacetensor 

operator，ａｎｄｉｓａｆｕｎｃｔｉｏｎｏｆｔｈｅＣＭｅｎｅｒｇｙＥａｎdthescatteringangle 

8but，ｉｎｔｈｅｆollowing，ｗｅｗｉｌｌｓｋｉｐｔｈｅｓｅａｒｇｕｍｅｎｔｓｆｏｒｓｉｍplicity， 

Using（2.4)，onegetsinthereferenceframe，ｚ／ｋｌａｎｄｙ／k,×ｋｆ， 
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Eq．（2.2）gives 

F2-Fho． （2.6） 

Thuswecanchoosefourindependentamplitudes，ｉ､ｅ、onescalar,one

vectorandtwotensorones・Referringtotheconsiderationonthesecond‐

ranktensoramplitudesgivenlater，ｗｅｗｉＵｄｅｆｉｎｅｔｈｅｆｏｕｒａｍｐｌｉｔｕｄｅｓａｓ 
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(2.7） 

(2.8） 

(2.9） 

(2.10） 

ｗｈｅｒｅＵｉｓｐｒｏｐｏｒｔｉｏｎａｌｔｏＦｏｏａｎｄｉｓthescalaramplitude，Sispropor‐ 

ｔｉｏｎａｌｔｏＦ１ｌａｎｄｉｓｔｈｅｖｅｃｔｏｒｏｎｅａｎｄ幻ａｎｄｎｃｏｎｓｉｓｔｏｆＦ２ｏａｎｄＦ２ｌ

ａｎｄａｒｅｔhetensoroneaThescalaramplitudeisassociatedwiththescalar 

interactioninthespinspace・ThusUdescribesthescattermgamplitude

duetothecentralinteractioninthesenseoftheefIectiveinteraction 

Otheramplitudes，Ｓ，ｎａｎｄｎａｒｅｓｉｍｉｌａｒｌｙｒｅｌａｔｅｄｔｏｔｈｅrespective 

spin-dependentinteractions、Amongtheseamplitudes，ｔｈｅｍａｇｎｉｔｕｄｅｏｆ

Ｕｉｓｅｘｐｅｃｔｅｄｔｏｂｅｔhelargestbecausethecentralinteractionisusually 

strongerthanspin-dependentinteractions・Aswillbediscussedbelow，

ＴａａｎｄｎｄｅｓｃｒｉｂｅｔｈｅｅＨｅｃｔｏｆｔｈeTR-typetensorinteractionandthat 

oftheTL-typeoneseparatelymthehigh-energylimit・Hereafter，we

willcalltheseamplitudesU～幻asthespin-spacetensoramplitudes・

TheTR-andTL-typetensorinteractionsaredefinedasl） 

ＴＲ＝(S2(8,8)･Ｒ２(Ｒ,Ｒ))Ｕｈ(Ｒ)，（2.11） 

ＴＬ＝(S2(8,8)･Ｒ２(L,Ｌ))ＵＬ(R)，（2.12） 

ｗｈｅｒｅＳ２ａｎｄＲ２ａｒｅｔｈｅｓｅｃｏｎｄ－ｒａｎｋｔensoroperatorsconstructedbytheir 

arguments，８，EandLbeingthedeuteronspin，itsspacecoordinatefrom 

tbetargetandthecorrespondingangularmomentum・Ｔｏｄｅｆｉｎｅｔｈｅｔｗｏ
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tensoramplitudessoastodescribethescatteringbytheTH-tensorinteraction 

andthatbytheTL-tensoroneseparately，wewillintroducetheplane‐ 

waveBornapproximation（PWBA）andaclassicalconceptfortheangular 

momentumLater，thequantum-mechanicalcorrectionsareinvestigated， 

However，thefinaljustificationisprovidedbythequantitativenumerical 

calculations，ｗｈｉｃｈｈａｓｂｅｅｎｇｉｖｅｎｉｎｒｅｆ２、ThePWBAprovidesthe

followingrelation8）ｆｏｒｔｈｅＴｎ－ｔｙｐｅｔensormteractions， 

ｖ百Fh･＝－Ｆ2， (2.13） 

foraprojectileofanyspin・Thisrelationhasbeennumericallyexamined

forscatteringof7Liby58ＮｉａｎｄｈａｓｂｅｅｎｆｏｕｎｄｔｏｂｅｖａｌｉｄｅｖｅｎａｔＥｕｕｂ 

＝２０MeVinagoodapproximation8)．Ｄｕｅｔｏ（2.10）ａｎｄ（2.13)，ｎ＝O 

forTRtensorinteractionsathighenergies・

ＬｅｔｕｓｃｏｎｓｉｄｅｒｔｈｅｐｒｏｐｅｒｔｙｏｆｔｈｅＴL-typetensorinteractionina 

simpleway,ｔｈａｔis，treattheoperatorLintheframeworkoftheclassical 

concept・Ｔｈｅ９ｃｏｍｐｏｎｅｎｔｏｆｔｈｅｓｐａｃｅｔｅｎｓｏｒＲ2(L,Ｌ）ｉｎ（2.12）is

writtenexplicitlyas 

Ｒ２．＝Ｚ(11,Ｗ''''29)Ｌ”Ｌ噸'．
、1

(2.14） 

SinceLisperpendiculartothemomentumintheclassicalconcept,Ｌｏ＝０， 

aｎｄｗｅｇｅｔ 

９≠±１， （2.15） 

ｗｈｉｃｈｌｅａｄｓｔｏ 

(2.16） ﾘr-2Jl≠±１ 

for 

＜ｼflS2,-小I＞≠0．

Therestrictiononソｉｎ（2.16）meansthatfortheTn-typetensor

interaction 

B＝、＝0． （2.17） 

Combiningthisto（2.9)， 
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(2.18） Ｔα＝0 

fortheTL-typetensorinteraction・

Therefore，ｗｈｅｎｏｎｌｙｔｈｅｔｗｏｔｙｐｅｓ，ＴＲａｎｄＴＬ，ａｒｅconsideredas 

tensorinteractions，onewilldistinguishapproximatelｙｔｈｅｅＨｅｃｔｏｆｏｎｅ 

ｔｙｐｅｆｒｏｍｔｈａｔｏｆｔｈｅｏｔｈｅｒｔｙｐｅｂｙｕｓｉｎｇＴａａｎｄｎ；ｉ､ｅ，Tadescribes 

dominantlytheeHectoftheTn-typeinteractionswhilendescribesthat 

oftheTL-typeones・Thequantum-mechanicaltreatmentｏｆＬｗｉｌｌｐｒｏ‐

duceacorrectionto（2.17)；ｔｈａｔｉｓ，theTL-typetensorinteractionmay 

possiblycontributetothematrixelements，ＢａｎｄＤ，ｄｕｅｔｏｔｈｅｃｏｒｒｅｃ‐ 

tionThecorrectionsareestimatedｂｙｔｈｅＰＷＢＡ，Theyarefoundtobe 

asymptoticallyｓｍａｌｌｂｙａｆａｃｔｏｒｌ/Lforeachpartialwaveoftheangulaｒ 

ｍｏｍｅｎｔｕｍＬ・Moreover，thecorrectionvanishesinB＋Dbecauseofthe

oppositesignofthecorrectiontermbetweenBandD・Ｔｈｅｐｒｏｏｆｉｓ

ｇｉｖｅｎｂｅｌｏｗ、

ThematrixelementoftheTLinteractionbetweentheplane-wave 

states，ｆａｎｄｉ，ｉｓｇｉｖｅｎｂｙ 

（ru,＝＜ルfeikflTlTLl抄,eik1〃＞，（2.19）

whereＺ'sarethespinfunctionofthedeuterｏｎａｎｄｋＩ(k｢)ａｎｄツ,い）ａｒｅ
ｔｈｅＣＭｍｏｍｅｎｔｕｍｏｆｔｈｅｄｅｕｔｅｒｏｎａｎｄｔｈｅｚｃｏｍｐｏｎｅｎｔｏｆｔｈｅｓｐｉｎｉｎ 

ｔｈｅｉnitial（finaDstate・Inserting（2.12）ｉｎｔｏ（2.19)，

岬』=写(-)｡<ルル,|ﾙ』〉

×<僅逃f風ＩＦ(1岬''29)L,ＭＬ(R)leWe〉

一国(-)｡方('''S`Ⅱ')('2,,-`'哩姻(1Ｗ'２９Ｗ似O）９ 

where 

４－歳!…ＭＭＷ… (2.21） 

Adoptingthecoordinateaxissameaｓｂｅｆｏｒｅａｎｄｕｓｉｎｇ 
ｄｎ 

ｅｉ比IJT＝VZ7了囚(/)Ｌ'Ｖ鞆テル(AlR)ＹＬ,｡(Ｅ）
Ｌｐ 
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and 

e-ikr"＝4冗囚（－ｊ)７匹(hfR)ＹＬｊ,((r)yZk,(R)，
ＬＭ 

ｗｅｇｅｔ 

ﾙｰ両;戸縣(j)…万z可Ｍ;`)<LMﾑML'0〉

×１Ｍ?)川〃(㈹…（222）
Further， 

＜ＬＭ１Ｌ似L,!'|Ｌ'0＞＝Ｌ(Ｌ＋1)(L'１０浜'|Ｌ'〆)(L'１，u'’１LjM)6L,L，

（2.23） 

ｗｈｉｃｈｌｅａｄｓｔｏ 

４鱒=て=;面ﾌｧ駅而L(L+')(Ｌ１ＭＭ(LWILM）

×γＭＨ，))肋R)〔ﾉﾑ(R)抑ｌＲ)｣ｗＲ （2.24） 

Ｆｏｒ（Ｌ１０浬'|Ｌ似')≠０，ｔｈｅallowed似′ｉｓ

β'＝±１． 

Furthermore，theclassicalconceptofLrestrictｓ似ｂｙ９≠±１，ｉ､ｅ、

似＝土L

Therefore，thequantum-mechanicalcorrectionarisesfrom 

JLI＝Ｏｗｉｔｈ解'＝±１， （2.25） 

’ 

whereJu＝－１ｉｓｆｏｒＢａｎｄ/z'＝ｌｉｓｆｏｒＤ・TheCGcoeHHcientsappear‐

ingｉｎ（2.20）ａｎｄ（2.24）aretotallyunchangedforchangingｏｆｔｈｅｓｉｇｎ 
二

ｏｆ’'ａｎｄＹＬ便'(kf）givestheoppositesignfor’'＝±1．Then,thequantum‐

ｍｅchanicalcorrectionbasthesamevaｌｕｅｂｕｔｔｈｅｏｐｐｏｓｉｔｅｓｉｇｎｆｏｒＢａｎｄ 

Ｄ・ThismeansthatthecorrectioniszeｒｏｆｏｒＢ＋ＤｉｎｔｈｅＰＷＢＡａｎｄ

ｑｕａｌｉｆｉｅｓｔｈａｔｎｉｓｌittleaHectedbythisinteraction、Further，usingｔｈｅ
ａｓｙｍｐｔｏｔｉｃｆｏｒｍｏｆＹｍｆｏｒｌａｒｇｅＬ，onecanderivethatthecorrection 
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2９ 

ｔｅｒｍｉｔｓｅｌｆｉｓｓｍａｌｌｅｒｂｙｌ/Lforeachpartialwavethantheclassically 

allowedterms；似ａｎｄ解'＝±１．１ｔshouldbenotedthatthepresent

theoreticaldevelopmentcanbeextendedsoastoincludespin-independent 

distortionsintheinitialandHnalwaves,byreplacingノム(ん1尺)ａｎｄ/L(hfR）

withtheirrespectivedistortedradialwavefunctions・ThiswiUqualify

thewidervalidityfortheconclusionsobtainedabove、

Similarconsiderationscanbeappliedtoanotherproblem、Neglecting

thespindependenceofthepropagator，itisshownthatthesecond-order 

contributionoftheTL-typetensorinteractｉｏｎｄｏｅｓｎｏｔｆｏｒｍＳ,thevector 

amplitude，intheclassicallimit・Whenthequantum-mechamcalcorrec‐

tionsaretakenintoaccount，onecanprovethatthecontributionsofthe 

correctiontermsarecancelｌｅｄｗｉｔｈｅａｃｈｏｔｈｅｒｉｎｅａｃｈｏｆＢａｎｄＤｂecause 

thecorrectionfrom〆=landthatfromﾉﾘｰｰlhavethesamemagnitude
〃

buttheoppositesign・Thus，inthepresentapproxilnations，theabove

conclusionbasedontheclassicalconceptdoesholdevenifthequantum‐ 

ｍｅchanicalcorrectionsareincluded、

Finally，thefollowingshouldbeemphasized・Ｉｎｒｅｆ２，numerical

calculationsconfirmfoｒｓｏｍｅｔｙｐｉｃａｌｃａsesthatthecontributionoftheTL 

interactiontoB＋Disquantitativelysmall． 

§３．Expressionsofanalyzingpowersandpolarizationtrans‐ 

fercoeHicientsbythespin-BpacetensoramplitudeB 

Sincethespin-spacetensoramplitudes，ｕｓ,Ｔａａｎｄｎｄｅｓｃｒｉｂｅｔｈｅ 

ｅＨｅｃｔｓｏｆｔｈｅcentral，spin-orbit，TR-typetensorandTL-typetensorm‐ 

teractionsseparatelyasshownintheprecedingsection，herewewillex-

pressphysicalobservablesintermsoftbeseamplitudes・Theseexpressions

areusefulinfmdingtheeHectoftheabovespin-dependentinteractions 

intheobservables・Intheviewpointoftherecentprogressintheexperi‐

mentaltechniqueonthepolarizeddeuteronbeam，wewilltreatthecross 

sectionbytheunpolarizedbeamandtheanalyzingpowersandpolariza‐ 

tiontransfercoeHicientsbythepolarizedbeam・Theyarede6nedbelow､9）
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UsingthescatteringT-matrixMdefinedintheprecedingsection,the 

crosssection＠，thevectoranalyzingpowerAyandthetensoranalyzing 

powersAxz，ＡｙｙａｎｄＡｚ圏ａｒｅｇｉｖｅｎｂｙ

１
Ｊ
 

〃
“
ｙ
Ｉ
 

伽
仙

瓜
鈩
が

１
’
３
’
一
一
一

Ｆ
Ａ
Ａ
 

Ｖ
Ｕ
 

(3.1） 

(3.2） 

(3.3） 

ｗｉｔｈ 

Ⅳ＝Ｔｒ(Ｍ１`+)， (3.4） 

whereiandjdescribeoneofx,ｙ,ｚ・ThepolarizationtransfercoeHHcients

Kij，Ｋｊ｣腱，Ｋｉ｣ｋａｎｄＫｉＪＭ（i，ｊ，ｋａｎｄｌａｒｅｏｎｅｏｆｘ，ｙ，ｚ）ａｒｅｇｉｖｅｎｂｙ

Ki'=寿T匠(M･`"n)，

Ki'=烏Tr("乃舩川

Ki蝉=烏ＭｗｗＭ

Ｋｂ卿=完T…〃川

(3.5） 

(3.6） 

(3.7） 

(3.8） 

Thespinoperator、Ｐ１ａｎｄｊｏｌｊａｒｅｇｉｖｅｎｉｎｒｅｆ、９．

Using（2.1)，（2.5）ａｎｄ（2.7)～(2.10),thecrosssection,theanalyzing 

powersandthepolarizationtransfercoeHicientsareexpressedbythespin-

Spacetensoramplitudesasfollows． 

-;{'…'s'`十Ｗ十歳'､'`-器…､)｝
（3.9） 

(3.10） 4,=等"|(U-2n＋

ｃ
ｌ
ｌ
Ｉ
ｊ
 

＊
 

【
。
、
ノ

ェ１ 

V百sｉｎＯ
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傘←完|:Mm-河上鵲器旦R`…

＋;川-と芸;;;二'鰹'一:lsr

-m上宝器2ＭＷ…(…｝

A"一念(-:陸(川十急号R`(川-:〃

＋義為'zw+ISF+蒜芳Ｍｗ)｝

…芋躍化岩…-川方:耐､)か｝

(3.11） 

(3.12） 

(3.13） 

唾=猯ＩｌＵ…(川一志竺蓋子2Ｍ'酌

一Ｗ+生誌上'､'…すと;if;具２１Ｗ〃)｝
（3.14） 

十
一
２

晒
馴
剛
汎

剛
Ⅳ
滞
碕

洲鶚紳糾脇腿
Ｉ鶚ﾃﾅR`(…-Ｗ

竺鶉二ＭＷ)）（315）
(3.16） 

(3.17） 

ｗｈｅｒｅａｉｓｇｉｖｅｎｂｙ 

ａ=Ｕ+`刀-潟乃 (3.18） 

脇,贄=鳥"|岬一 "ｗ百・．t…蝋｝
（3.19） 

１１＋cｏｓ０ 

２Ｖ百ｓｉｎＯ
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3２ 

蝿=烏"(-町+志と蒜2…ｲす…2Ｗ}
（3.2の

遜藝駁=千恥|(ひ｡."-2…-岩sルト（川

心一流"|ひか‐…ｚｗ+川-器…｝
（3.22） 

聯=赤恥{Ｕ､…-4zw-州+鵜野｝
（3.23） 

Kk鬘,-奇跡{何U､鶚一宇us識ｗす〃

一半岬+｣f鶚且…｝Ｍ）

脇,,一等"|(U-川満了､)s}=4”（125）

騒鬮,=紗{-千Us篝-〃"一半岬

＋上蒜2sT…す川｝（…）

〃=為'繩'一乎応ｗ…繼一乎岬

＋｣鶉;且…2M百ｒｗ)，（…

堅←一志R`|…-3…]ｗ+伽

，鶚？…+鶚詩１ｍ'.}（…）

鴎,率=蒜R`|…-…-司鶚:丁T･S＊
＋烏'nF}（32,）
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3３ 

雁露"=志R`{…-4zｗ十一農:丁T･S＊
＋器'､'｡｝

鴎雲=志Rol-U……ｚｗ+伽
-3鵠詩…等鶚帝ﾃﾅ'T・ドト

峰蕊-号R`|一帯'ひ',-号川十鵠蓋;…
‐:'s'圏+:…;;鶉ﾗﾃ'丞'｡-川

＋何と:ilil;;２２Ｗ｝

(3.30） 

(3.31） 

(3.32） 

Ａｓｗａｓｐｏｉｎｔｅｄｏｕｔｉｎｔｈｅｐｒｅｃｅｄｉｎｇｓection，themagnitudeofUis 

thelargestamongthoseofallspin-spacetensoramplitudesandthusthe 

termshavingUmakelargecontributionstothephysicalquantities・

However，asisseenintheaboveexpressions，mostofthequantitieshave 

twoormorｅｔｅｒｍｓｗｈｉｃｈｉncludeUtheeHectsofwhicharemixeｄｕｐ 

ｗｉｔｈｅａｃｈｏｔｈｅｒ・FormakingtheeHectofaparticularspin-dependent

interactionclear，itisusefultotreatsuitablelinearcombinationsofthe 

observableaThequantity鴎率，ｆｏｒexample，includesUS＊ａｎｄＵＴａ*，

thelatterofwhichisagoodmeasureoftheeHectoftheTR-typetensor 

interaction・ＴｏａｖｏｉｄｔｈｅｄｉｓｔｕｒｂａｎｃｅｄｕｅｔｏｔｈｅＵS＊ｔｅｒｍ，thefollowing

linearcombinationisuseful． 

〃+評,=完刎〔厄[ﾉｰascot'-2伽)川（…
Thisconclusionhasbeenconfirmedbynumericalcalculationsinref2． 

§4．Ｓｕｍｍａｒｙ 

Thisnotedescribesthemethodtodecomposethedeuteronscattering 
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amplitudesothateachcomponent，thespin-spacetensoramplitude，repre‐ 

sentsselectivelytheeHectofaparticularspin-dependentmteraction．In 

particular，itisshownthatthequantum-mechanicalcorrectionstothe 

classicalconceptoftheangularmomentumwhichhasbeenusedinthe 

previousworkarecancelledoutwitheachotherandthustheprevious 

developmentisjustified・Thecrosssection，theanalyzingpowersandthe

polarizationtransfercoeHicientsareexpressedintermsofthespin-space 

tensoramplitudes，theresultsofwhichrepresenttheeffectofeachspin‐ 

dependentinteractionexplicitly・Usingthese，itisshownthatthespecial

linearcombinationoftheobservablescanemphasizetheeffectofthe 

particularspin-dependentinteractioILWehopethattheserepresentations 

areusefulinplanningofexperimentalmeasurementsaswellasinthe 

theoreticalanalysesoftheexperimentaldata． 
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