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DeepInelasticProcessesandSU(4)Symmetry

HisaoNAKKAGAWA,tTakaoKAWAGUCHIttandKen-ichiKONISHIttt

(ReceivedSeptember16,1976)

1.Introduction

Symmetrypropertiesofthestronginteractionleadtovariousrelationsamongthe

electromagneticandweakstructurefunctions.Theyareconvenientlyobtainedbyuse

ofthequarkpartonmodelorthelight-conealgebra.1)Thevalidityofthesesymme-

tryrelations,however,isindependentofthevalidityofdynamicalresultssuchasthe

Bjorkenscaling:manyofthemcanindeedbeobtainedfromtheconventionalass-

umptionsofstronginteractions(suchastheabsenceofexoticexchanges,duality,

etc.),ashasbeenshowninthecaseofoldcurrentswithoutcharmpieces2)・3).

ThepurposeofthispaperistostudytheconsequencesofSU(4)symmetry4)・5)

indeepinelasticprocessesusingtheconventionalideasontwo-bodyhadronicreacti一

ons.

whereV

representation15andV°

16-plettogetherwithV

Inorderto

discussthem

formationpropertyofthecurrentsandhadron

(Sec.

effects

(Sec.III).

relationsnotonlyamongthedeepinelasticstructurefunctions,butalsoamongvari-

ousproductioncrosssectionsincludingthoseofcharmedhadron*productions.

ThenextstepistoassumeanexplicitSU(4)symmetryforthevirtualCompton

amplitudeandtoimposethedualityconstraintthattheexoticcontributionsinthe
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*WeusethenotationofthecharmedparticlesinGaillardet

.al.(Ref.4).

Theelectromagnetic(Jem)andchargedweakcurrents(J!)aretakentobe6)

ノem_=『 レ73十(1/Viぎ)レ78-V2/3「 レTl5十(V2/3)レTQ,(1a)

∫.π 一(V-A)1+:2COSB+(V一4)4+=5sinB

-(V-A)11一 ゴ12stnθ 十(V-A)13-=14COSθ
,(1b)

JW=」+-mot(lc)

t(Aり(i-1
,2,一 一,15)arevector(axial)currentstransformingasanadjoint

isavectorcurrentwhichisanSU(4)singet,forminga

t(i===1
,..,15).

clarifytheassumptions.neededtoderiveeachoftherelations,we

inseveralsteps.First,therelationswhichfollowonlyfromthetrans-

statesunderSU(4),areobtained

II).Secondly,weaddtheassumptionsthattheonlyimportantt-channel

arethosewithnon-exoticquantumnumbers,andstudytheirconsequences

Thesetwostepsofassumptions,beinggeneralenough,leadtomany
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s-channelareentirelyduetoanSU(4)singleteffectinthet-channel(Sec.IV).

TheabsorptivepartofthevirtualComptonamplitudes(structurefunctions)isass-

umedtohavetwodualitycomponentseachofwhichsatisfiesthepositivitycondition.

Thisschemeleadstomorestringentrelationsforthenucleonfunctionsthanbefore,

whichprovetobealmostequivalenttothosefoundinaparticulartypeofquark-

partonmodel,i,e.,themodelinwhichthepartondistributionfunctionsarecomposed

ofthevalenceandsea(SU(4)-singlet)parts.IntwoAppendices,welistthesolution

forthenon-diffractivecomponent(AppendixA),andtheresultsofthequark-parton

modelwithSU(4)symmetry(AppendixB).

Themainoutcomeofthepaperisasfollows

i)SU(4)symmetryimposesstrongerconstrai

ii)

...
111

SU(4)symmetryimposesstrongerconstraintson

Finn/Flrp,CFlrn十Flrp)/(Finn十F1レp),andF1レP/(4Fire_Fire)

thanSU(3);

Althoughsomeoftherelationsfoundherehavealreadybeenobtainedinpar-

ticularmodels,7)ourapproachmakesitclearexactlywhatassumptionsare

neededforderivingeachofthem;

Sincewedonotrelyonanydynamicalassumptions,itfollowsthatthevalidity

oftherelationsfoundhere,andthereforeofmanyoftheresultsinthequark-

partonmodel,isindependentofthevalidityofparticulardynamicalproperties

suchastheBjorkenscaling.Thispointisimportantinviewofapossible

breakdownoftheBjorkenscalingsuggestedbyarecentlepton-nucleonexperi-

ments.8)

II.RelationsFollowingfromtheTransformationProperties

oftheCurrentsandHadrons

Letusconsideratransformation,

σ=θfπ(rz+K2)(2)

whereI2andKZaretheisospinandtheK-spinoperators:theyareequaltoSU(4)

generators,5)F2andF14,respectively.lnthequarklanguagetheoperationUcorre-

spondstothesimultaneousinterchange,(p←>n)and(λ ⇔p,).Thechargedcur-

rentsofEqs.(1)transformunderUas

こ厚!σ 一1・=一 ∫手π.(3) 　
Ontheotherhand,ahadronstateHtransformsunderUintoanotherstateHwhich

wecallthemirrorstateofHwithrespecttoU.Examplesofsuchmirrorpairstates

aretabulatedinTablel.

AnimmediateconsequenceofEq.(3)isthefollowingrelationfortheweak

structureunctionsFi's,

F=vg==、F〆 君,(Z=1,2,3)(4)の
whereHandHaremirrorstateswithrespecttoU(TableI).Inparticular,the

protonandneutron-structurefunctionssatisfyEq.(4),withoutanapproximation,

8=0,incontradistinctionwiththecaseoftheusualCabibbocurrent.Thecharmed

currents,Eqs.(1),actonthenucleonsasiftheywereexactlychargesymmetric
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TableI
　し のレ

Examplesofmirrorstates(H,H)withrespecttoU.Anypaircanbereadeitheras(H,H)へ
oras(H,H).ThephaseaccompanyingthetransformationUisnottakenintoaccountin

thistable.

Cp,n),

(三 〇,Xd+),

(π+,π 一),

CF+,F-),

(ψ(3,1),φ),

thoughtheyareactuallynot.

Eqs.(1)actstorecoverthe

theargumentsbasedonlyontheisospin.9)

Eqs.(3)leadalsotoanumberofrelationsamongthecrosssectionswherethe

finalhadronicsystemiscompletely(exclusivecrosssections)orpartially(inclusive

crosssections)specified.Theyareconvenientlysummarizedintherormula,

　 　
QT(vH→ μ+H/X)==QT(ッH→ μ■H/X),(5)

　　ワ 　
whereUTdenotesthetransversecrosssection,HandHtargets,H/andH/observed

finalhadrons,andXstandsforthevacuumforexclusiveprocessesand"anything

else"forinclusiveprocesses.Onecanconstructmanyrelationscombiningthem

forinstance,onegets*

QT(vN→ μ"C1+++...)一 σ7(ジ!V→ μ+Σ 一+_)(6)

andsimilarrelationsusingotherpairsofTableI.

FromthetransformationpropertyofeachpieceintheweakcurrentsEqs.(1)

underU,italsofollowsthat,foranisoscalarnucleontargetN,the(dY=1)produc-

tionbyneutrinoisequaltothe(4C=0)productionbyantineutrino;the(dY=0)

productionbyneutrinoisequaltothe(dC=‐1)productionbyantineutrino;the

(dY=04C=1)pr・ducti・nbyneutrin・isequalt・the(£=01)pr・ducti・nbyantineutrin・.

(Σ+,CIG),(So,C1+),(Σ 』,C1++),

(三.,Xu++),C1,0。+),(X、 ちTO),

(πo,πo),(D+,K-),(DG,K°),

(D-,κ+),(D°,1(o),

(ω,ω),(ρ+,ρ 一),(ρo,ρo)

Thecharmbearingpieceofthechargedcurrentsof

relationEq.(4),nottoviolateit,incontradictionto

III.AssumptionsofNon-ExoticT-ChannelExchanges

Thepurposeofthissectionistostudytheconsequencesofaddingtheassump-

tionthattheonlyimportantt-channeleffectsarethosewith"non--exotic"quantum

numbers.Inthet-channelofthevirtualComptonscatteringwithSU(4)current$,

wedefinethosequantumnumberscorrespondingtothesingletlortheadjointrep-

resentation15tobenonexotic,andallothersexotic.Moreoverthecouplingofthe

externalcurrentstot-channelexchangesisassumedtoobeythe16-pletscheme,

whichisanalogoustothenonetcouplinginSU(3)case.**Anotherassumptionwhich

*NinEq
.(6)denotesanytargetcomposedofanequalnumberofprotonsandneutrons.

**SincethecurrentEq .(la)hasanSU(4)singletpiece,thet-channelofthe(electroma-

gnetic)comptonamplitudecontainsa15comingfrom1⑭15aswellastwo15's(15Dand

15F)derivingfrom150015.Weassumethatthe15comingfrom1015(or1501)isidentical

to15刀(symmetric15)comingfrom15⑳15;similarly,thesingletarisingfrom1⑧1isiden.

tifiedwiththesingletfrom15015.ThisisachievedinEq.(7),allowingthesufficesa,b

andctorunfromOto15withthedefinition,ゴo・ ・β・・(1/》2)δ 。β
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willbeusedthroughoutthepaperisthatthevector-vectorandaxial-axialcontribu-

tionsareequalinthedeepinelasticlimit.Becauseofthis,theexpressionsforneu-

trinoprocessesinthefollowingcontainafactor2relativetothoseforphoton-

inucedprocesses.

Undertheseassumptions,thestructurefunctionsF1(cv,q2)arewrittenas

(F1)露 イ4δ σF£β+ゴ αδ`D茎 β(7)

whereaandbspecifythecurrentsandαandβhadrons;∫ αδσanddab`arethe

SU(4)structureconstants.lo)Theelectromagneticandweakstructurefunctionsare

thengivenas*

(F1γ)・β一101茗DO・ β+2/3D3・ β一2/3D㌔

(F1レ)α 、3==4(》 『2-DOα β一F3α β十Fa)(8)

with瑞 ≡V¥£ β+〆争 詣

andsimilarlyDsintermsofDayandDay,Noticethattheweakstructurefunctions

areindependentoftheCabibboangleB.

Underthetransformation,Eq.(2),thethirdandA-components**ofa15simply

changethesign,whileasingletremainunchanged.Therefore,takingα 一 β=、 厚and　
H(mirrorpairwithrespecttoU)inEq,(S)andEq.(9),onefindsimmediatey

anequaity(i=1,2),

F〆π+F〆 幅(F」 ・丑+Fゴ ・君)・(9)

Thisrelationfortheprotonandneutronappearstobewellsatisfiedbytheexperi-

mentaldata,11)andthepredictionisthatEq .(9)shouldcontinuetoholdevenat

highenergieswhereallthecharmthresholdswillbeopen .Noticethatthecorre-

spondingrelationinSU(3)isaninequality.

Onefindsalso

4≧F〆 丑/F〆 君≧1/4(Z=・1,2)(10)

fromEq.(8),usingthepositivityofDmg's.Thisinequalityisformallythesameas

thefamiliarinequality,1)・3)andindeedidenticaltoitfortheprotonnandneutron .

TherelationsEq.(9)andinequality(10)havebeenobtainedinthequark-parton

modelandinthelight-conealgebra(seeAppendixB).7>However,theyfollowin

anytheorieswhichmaketheassumptionsusedabove,andofmoregeneralvalidity

thanthequark-partonmodelitself(orthelight-conealgebra) .

Itiseasytogeneralizetheaboveresultstoinclusivecrosssectionwherethe

observedfinalhadronisinthetargetfragmentationregion.Insuchasituationwe

have,e,g.

*Thestructurefunctionforincidentantineutrinoisobtainedsimplybychangingthesignof

F3αβandF五 αβinEq.(8).

**WedefinetheA-componentofa15tobe

λ4ぞ 一(1/》 冨)λ ・+》 酉
.λ15
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σ7(YH→H/x)+QT(γH→H/x)

5

18{QT(vH→ μ一H/x)+QT(vH→ 画x)},

whichisEq,(9)appliedtoacomplextarget(HHf).

(11)

IV.SU(4)SymmetryandDualityConstraints

Inthissectionweadddualityconstraintstotheassumptionsmadein(II)and

(III).Werestrictourselvestonucleontargets,whichareassignedtooneof20-dim-

ensionalrepresentationofSU(4).*Therearetwocomponentsinthevirtual

Comptonamplitude:one‐"diffractivecomponent"‐containsonlysinglets(of

SU(4))inthet-channel,andtheother‐"non-diffractivecomponent"‐containsland

15inthet-channeland4*,20and20'inthes-channel .Thepositivityisimposed

oneachofthecomponents,whichisadynamicalassumptioncontainedinourde-

finitionofduality.Theresultswillbecomparedtothoseinthequark-partonmodel,

whicharederivedinAppendixB.

WebeginbyexpandingthevirtualComptonamplitudesfromtheprotonand

neutronintotheeigenamplitudesofSU(4)inthes-(ort-)channel,usingthe

knownC-Gcoe{fcients.12),13)TheresultisgiveninTableII .

Next,wefindthedualitysolutionforthenon-diffractivecomponentoftheampli-

tudes.ThisisdonebywritingtheS__tcrossingequations,13)settingalltheexotic

amplitudes(20",45*,45andF4inthet-channeland36*,60*and140inthes-

channel)tobezero,andsolvingtheequationsfortheremainingamplitudes.The

solutionisgiveninAppendixA,togetherwiththepositivityconditionfortheinde-

pendentamplitudes.Itleadstothefollowingrelations(i=1,2)

1/4≦F〆 π/FZrp≦3/2(12a)

Fzvp/(4F=rn_Frp)=6/5(12b)

ノ7〆ρ一F〆"=(1/6)(F評 ρ一、Fゴ9")(12c)

-C1/6)CFivn-F=Up)

besidesthoseobtainedalreadyin(II)and(III).

Theupperboundof(12a)isstrongerthanthecorrespondingresultinSU(3)

case(whichis13/(5十2V一 百)(Ref.2).Eq.(12c)isthelocalformofawellknown

relationl4)andisunaffectedwhenonegoesfromSU(3)2)toSU(4).TheequalityEq.

(12b),gaswellasEq.(9)of(III),ispeculiartoSU(4)symmetryandstrongerthan

thecorrespondingSU(3)relations.OnecanuseEq.(12b),Eq.(9)andEq.(4)to

determinethefourkindsofweakstructurefunctionsintermsofelectromagnetic

structurefunctionsas(i=1,2)

F=vp==17f助=二(6/5)(4F=rn-/7〆 ρ)

F=レ"==Ffψ=(6/5)(4Firp-F〆 π)(13)

Eqs.(i2)andEq.(13)canalsobeobtainedinthequark-partonmodelofvalence-sea

types>,asshowninAppendixB,andarenotapeculiarityofourapproach.However,

sincenodynamicalassumptionsaremadeinthelatter,anyeventualbreakingofthe

*ForthenotationseeGaillardet
.al.(Ref.(4));V.Rablet.al.(Ref.(12)).



TableII

CoefficientsintheexpansionofthevirtualComptonamplitudesintoeigenamplitudesofSU(4)inthes-channel.Oisthe

CabibboangleapPearinginEq.(1).200,0refersto1十20→1十20;201,0and202,0referto15十20→1十20(200,1and200,2to

1十20→15十20);allothersto15十20→15十20.

eigen-
＼
＼ 、amplitudes"
＼＼
＼ ＼

process'＼

i"P

7n

レP

(=vn)

レ　

(=vp)

140

61

72

61

72

鐙COS2θ

6

十161sin2836

47cos2e
18

+26sin289

60*

3

8

36*

旦

8

3

一8

cos24

+3sin28
4

2cos28

+5sin2a2

3
[8

3cos28
2

-}-3sin2B
4

3cos28
2

+3sin28
5

20'

2
す

り
乙
一〇
ヲ

4cos28

3

-F-4sineO
9

4cos28

9

--1--2sin2d
9

2022

2

「39

2
}39

16cos28

39

16cos26

39

+32sin2839

20,1

1

6

12
[93

121

936

289sin28

468

i2icos28

117

+133sin28234

20i,a

(24z,i)

11

78,/3

11

78,/3

_34～/3sin2θ

117

十

44
cos28393

10

39/3slnZd

2000

2

[9

2

「9

0

0

2002

(202,0)

2

339

2

339

0

0

200,1

(201,0)

11

1813

11

1813

0

0

4*

0

0

0

2sin28
5

〉
内
内
>
o
>
乏
〉
"

凶

》
乏
》
o
¢
o
田

四
民

区
o
z
一ω
田

"
∪
①
8

ぎ

①
冨
ω
8

即

0
8

ω
ω
Φ
ω
・:

卜δ
ミ
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BjorkenscalingindeepinelasticlimitshouldoccursatisfyingEq
.(13).Furthermore,

therelationscontainingdifferenttypesofstructurefunctionsFIandF3(suchas

thoseinquark-partonmodel:seeEq,(B,3))cannotbeobtainedinourapproach
.

Finally,weaddacommentonourassumptionaboutthecouplingofthesinglet

componentofelectromagneticcurrent ,Wehavesimplysetequal(seethefootnote

ofp.204)thetwosymmetric15amplitudesintheレchannel,onefor15十20→15十20

andtheotherfor1十20→15十20.Alternatively,onecouldrequiretheIizuka-Okubo-

Zweigrulerelationsforthenon-diffractivepartofstructurefunctions
,i,e.,assume

thatthereisnonon-zeromatrixelementsbetweennucleonstateswhichcontain

φ(λ え)-orψ(Cの 一componentasanexternalline.ThisleadsagaintoEq .(A.4)and

consequentlytothesameresults,(12).Withoutanassumptionwhichfixesthecoupl-

ingofsingletcomponentrelativeto15-pletcomponentintheelectromagneticcurrent
,

thetwo-componentdualityandpositivityonlywouldnotleadtoanyoftherelations
,

(12).
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AppendixA.SolutionfortheNon-DiffractiveComponent

Thesolutionforthenon-diffractivepartoftheComptonamplitudes ,discussedin

(IV),isgivenby(fortheampitude.15十20→15十20)

ASC4*)=5di+55dz38

ASC20a,i)=ASC20i,a)_ _44^dl+177da133523

A・(2・1・1)一 一164113+561342(A .1)

ASC20')_‐3di+23da8

ん(1)__15dl+ユ05d22》34》3

3V2

ん(15　 )一 一2/61d26

withdi≡/6At61(151・ 刀)

d2-/2At
61(152・P)(A・3)

where/13(Rrr')≡ ≡<o%εRγlMslRγ',in>,etc.

Moreover,theassumptionaboutthecouplingofcurrenトcurrentvertex(seethe

footnoteofp・204)1eadsto(As(200,0)refersto1十20→1十20;A3(201
,0)andA、(202,0)
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to15十20→1十20),

48

A、(201,0)一 一 とd一5》B42(A.4)

X1352

A、(202,。)』,39d一 一12da.1

56x/39

Thepositivitycondition,imposedontheindependentamplitudesdlandd2,isgiven

by

-33/8<dl/dZ<23/24
,

d2>0.(A.5)

TheeasiestwaytoseeEq.(12b)andEq.(12c)istoobservethattherelation

amongん(15)'sgiveninEq(A.2)isequivalent*to

・Da=FaandD島 瓢F論(A.6)

(a-=(3=proton)inEq.(8).Theinequality(12a)canbeobtainedbyusingTableII,

Eq.(A.1),Eq.(A.4)and(A.5).

AppendixB.ResultsoftheQuark-PartonModelWithSU(4)Symmetry

InthisAppendixwederivetherelationsamongthestructurefunctionswhich

followfromthequark-partonmodel.Thestructurefunctionsarewritteninterms

ofthepartondistributionfunctionsasusual,withadditionalcharmedpieces(we

assumethefourthcharmedquarkhascharge2/3).Followingtheprocedureof

Nachtmann(Ref.1),wefirstobtainthepositivityconditionsonthepartondistribu-

tionfunctions:theyaregivenby**

ノVλ=凡 ≧0

3Nn‐2ND>0(B.1)

lONp‐5Nn‐2ND>0

/Vげ=、5,

Np>OCB.2)

2!V痘 一!Vラ ≧0

81Vえ 一4」～㌦ 一Np≧0.

Thenthefollowingrelationsamongthestructurefunctionscanbefoundina

straightforwardmanner:(i-1,2)

1/4<F=rn/F:rp<13/7

(18/5)F=rN==F`曜=.Fゴ 頭「(B.3)

2/5≦Fiレ ρ/(4F〆"-Firp)≦66/35

6(Fire-F1・ り 一193レLF3レ η.

Ifonerestrictsoneselftothemodelinwhichthequarkdistributionfunctionscan

beseparatedintwoparts:valencepart(satisfyingitself(B.1)and(B.2))plus

*Noticethedifferenceinthenormalizationbetweenthestructureconstantsandthecorre-

spondingCGcoeffdents.

**WefollowthenotationofNachtmann(Ref .1).
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SU(4)singletsea(towhicheachquarkcontributesequally),thenonefinds,instead

of(B.3),(i==・1,2)

1/4<F=rn/Frp<3/2

(18/5)F=rユP-=、Fゴ レ』「==17`9π

F5ゆ/(4、Fゴ γ"-F=rp)=6/5

6(Firp_Fern)=F3vp--F3'n.

Someoftheresultsof(B.3)and(B.4)

(B.4)

havebeenobtainedalready(Ref.7).
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