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Thepatternsofscalingviolationofthedeepinelasticstructurefunctionareinves-

tigatedonthebasisoftheresonancepicture.Thecorrespondenceargumentsbetween

twocomplementarypictures,i,e.,theresonanceandthePartonpictures,haveenabled

ustodiscriminatevariousfieldtheories.Ourmainresultsarethati)theconventional

fieldtheoryisincompatiblewiththeresonancepicture,thusruledoutasacandidate

forthestronginteractions,11)QCDandthenewscalinglawmayhavethecapabilityto

unifytheabovetwopictures.Discussionsaboutthecorrelationbetweentheresonance

andthevalence-(sea-)quarkcontributionaregiven.Wealsoshowthatthesolution

satisfyingthecorrespondencerequirementgiveexcellentfitstothedatafortheproton

magneticformfactor.

1.Introduction

Intheearlystageoftheattemptstounderstandthephenomenonassociatedwith

Bjorkenscaling,thepartonpicture1)andtheresonancepicture2)・3)・4)hadbeenusedas

twotheoreticalbaseswhichmightbeexpectedtocomplementeachother.Theobser-

vationof``duality',inelectron-nucleonscatteringbyBloomandGilman2)hadclearly

indicatedtheimportanceofthiscomplementarity.

InrecentyearssignificantdeviationfromBjorkenscalinghasbeenobservedbothin

theexperimentsofelectron5)andmuonscattering6)offnucleon,andalsoinneutrino

reactions.'Manyoftherecentattemptstounderstandthescalingviolationhavebeen

mainlybasedonthequark-partonmodel,1)・8)orontherenormalizable丘eldtheories9)-13)

whereasthereishardlyanyattemptbasedontheresonancepicture.Inthissense,among

thetwocomplementarypicturesonlythepartonpicturehasmadeagreatprogress;it

hasledtothequark-Partonmodelandtotheunderstandingofscalingviolationinterms

ofvariousfieldtheoreticalapproaches,especiallyquantumchromodynamics(QCD).

Thispicturehasalsoaddedsomeunderstandingtotheresonance-saturationpicture(or
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theBloom-Gilmanduality)inQCD.10)InspiteofthesuccessofQCD,however,up

tonowexperimentalresultscannotconclusivelydecidewhichtypeoffieldtheoryisto

befavoured.14)Moreover,recentlyaninterestingscalinglawwasproposed,15)which

wasfbundtogiveabeautifuldescriptionoftheobservedpatternofscalingviolation.16)

Inviewoftheabovesituation,itseemsworthwhiletopursuremoredeligentlytheafore-

mentionedcomplementaritybetweentheresonanceandthePartonpictures.

Inordertomakethiscomplementaritymorepowerfulandpredictive,guidedbythe

Bloom-Gilmanduality,letushypothesizethefollowingcorrespondence:Thedescriptionof

thestructurefunctionbasedontheresonancepictureshouldcoincidewiththeonebased

onthepartonpictureinthelimitoflargemomentumtransfer,andtheapproachtothis

asymptoticdescriptionshouldoccurinawaythatinthefinite(small)momentumtrans-

ferregionthestructrefunctionbasedonthePartonpictureatleastwellaveragetheone

basedontheresonancepicture.Investigationsofthescalingviolationbasedonthe

resonancepicture17)andthedescriptionoftheprotonmagneticformfactorintermsof

thesolutionssatisfyingthecorrespondencerequirement18)havebeendoneandtheuse-

fulnessofthecorrespondenceargumentswasdemonstrated.

Inthispaperwereviewhowtoformulatethecorrespondencerequirementmathe-

matically,andhowitworkstodiscriminatevariousfieldtheories(sectionsIIandIII).

Thesestudiesareperformedby-takingthemomentofthestructrefunction.Wegive

somediscussionsonthestructurefunctionitselfintheresonancepicture(sectionIV).

Wealsoshowthattheresonanceformfactorswhichsatisfythecorrespondencerequire-

mentcangiveexcellentdescriptionsoftheexperimentallyobservedbehaviourofthe

protonmagneticformfactorinthelargemomentumtransferregions(sectionV).

II.MomentSumRulesintheSmall-Q2Region

andtheResonanceSaturation

A.KinematicsandDefinitions.

InordertostudytheconsequencesofthecorrespondencebetweenthePartonorthe

fieldtheoreticalandtheresonancepictures,letusbrieflypresentthetheoreticalframe-

workofthedeepinelasticreactionsbasedonfieldtheories.

Inelasticlepton-nucleonscatteringisdescribedbytheabsorptivepartoftheforward

current-nucleonamplitude

WNv_12
n

B(-9μ+

44κ θい 〈pl〔ノμ(x),Jv(0)〕lp>

撃 り)W・(レ・92)+毒@一 ㌃ダ4μ)(ρ・一 ㌃昇σ・)W2(レ ・q2)

一}Ab銭 丁μ。

Tμ・一∫∫齢w(・ μ(x)・・(・))1ρ〉・

(1)

(2)

Inthelanguageoffieldtheory,deepinelasticexperimentmeasurethelight-conesin-

gularitiesofthecurrentcommutator(orproduct)whichappearsinEqs.(1)and(2).
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Thisproductoftwocurrentoperatorscanbeanalyzedintermsoftheoperatorproduct

expansion,19)whichreads

∫44蝋 ρIT(ノμω ゐ(・))1ρ〉

=ち費10附 ・'/un(0)lp>∫44κ叫 糾'ε)κμ・一

+ち 癬 ρ1・ 臨(・)lp>d4xet9・xdan(-x2+zE)κ μ1…劣μ・(3)

where

ちμ・=鯛 ゾ929μ

ちμり・=9μ α(1β(1り十9β り4μ4αIIり β(12-8μ り9α9β.(4)

ThemomentsumruleswhichmayholdinthelimitoflargeQZ(_‐q2)are

M1(%・Q2)一 ∫r4ω ω一・-3F・(ω・Q2)一 一Al ,。+1・E1,n+2(Q2脇 。・E2,n(Q2),

M2(n・Q2)一 ∫r4ω ω…2F2(ω ・Q2)-A2 ,n・Ea,n(Q2),(5)

whereω ・=2mv/Q2andF`(ω,Q2)(2=1,2)aretheusualstructurefunctionsde丘nedby

F、(ω,Q2)=W、(レ,Q2),F2(ω,Q2)=vW2(レ,Q2)/2〃Z,

wheremisthemassoftargetnucleon.4 ,、Cz=1,2)arethereducedmatrixelements

・fthe1・ca1・perat・rsOμ
1…μ。andOだ..μ 。betweenthespin-averagednucle・nstates,e.9..

〈ρ10彩 タ..μ。(0)lp>-Zn(ρ αρβρμ、… ρバtraceterms)・A2,n,(6)

andEt ,n(Q2)areessentiallytheFouriertransformofthec-numbersingularfunctions

din(‐x2-{-2s)appearingintheoperatorproductexpansion,Eq.(3),

Ei ,n(Q2)一 σ`・(Q2)・+く∂る2)ld4細 。(一κ2+Z&)・(7)

wherea1=1/2,a2=1/8.Varioustheories,suchastheconventionalfieldtheories

withultra-violet丘xedpoint(CFT),13)QCDg)・10)andthenewscalinglaw(NSL),15)・16)

giveparticularpredictionabouttheQ2-dependenceofE`,、(Q2),i.e.,ofthemoment

integraloftherelevantstructurefunctions.Thepatternsofscalingviolationpredicted

bytheabovethreetheoriesare*)

MZ(n・Q2)-M2(n・Q20)・(Q2Qo)一 γ(n)

γ(〃)一鶴;(n
1)+22)(n+3)〕:CFTNSL(8a)(8b)

and

MZ(〃 ・Q2)-M2(n・Q20)・(}豊1雛)幽 γ(n)

γ(n)-G〔 ・一(n+2)2i(n+3)+先 亀 ブ1+2〕・QCD.(8c)

蔀)Forsimplicityhereafterweonlyconsiderthemomentintegralofthestructurefunction

FZ(ω,Q2),i.e.,M2(n,Q2).
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ThereforewecantestthetheoriesbystudyingtheQ2-dependenceofthemoment,which

isessentiallythatofEZ(Qa).

B.MomentSumRulesintheSmallQZRegion.

Inordertoapplytheresonance-saturationprogramtotheframeworkreviewedinthe

previoussection,wehereextrapolatethemomentsumrules,Eqs.(5),tothesmallQ2

　

region,

Westartwiththefollowingexperimentalobservations.WhenQZissmall(say,QZ<1

GeV2)F2(ω,Q2)showsresonancestructurewhereasitbecomesasmoothfunctionof

ωwhenQ2becomeslarge(sayQ2≧4GeV2).Wecall,forthesakeofbrevity,this

smoothfunctionofωthe``asymptoticstructurefunction,,,FMSz(ω,Q2)・TheQ2-depen-

denceofFZs(ω,Q2)is,byde且nition,completelyspeci丘edbythemomentsumrules・

ThenthegeneralizedversionoftheBloom-Gilmandualitysaysthefollowing:When

weextrpolatetheasymptoticstructurefunctiondowntothesmallQ2region(oforder

oflGeV2)throughEq.(5),replacingtheoriginalBjorken,svariableωbytheBloom-

Gilman,sω'=ω 十m2/Q2,*)thentheextrapolatedstructurefunctionwellaveragesthe

observedstructurefunction,inasemi-localsense.Withtheaidofthis,wecanobtain

themomentsumrulesatsmallQaregion,

MZ(n,Q2)=AZ,。 ・EZ,。(Q2)

1

-(ZmQ2)齢n-200
va(ρ、)dv(ツ+2)_n-2L2mWa(レ ・Q2)・n≧ ・・(9)

wherevo(Q2)=QZ/2m.

C.ResonanceSaturation

Intheresonancemodelwehave(inthenarrow-widthapproximation)

WZ(レ,Q2)・=(2〃2)2Σ ω髭(Q2)δ(2物+〃ZZ-Q2-Mk),(10)ゐ
wk(Q2)=gk〔G鳶(Q2)〕2.(11)

InEq.(11),Gk(Q2),theformfactoroftheresonancewithmassMk,isassumedtobe

thesameforallresonanceswiththesamemasses,andgkistheeffectivecouplingcon-

stantwhichisthecouplingconstantmultipliedbytheresonancedensity,i.e.,

gk・ Σ ρη(MZk)κ 蓼(12)
η

Thesumistakenoverdifferentquantumnumbersη,specifyingeachresonancewith

thesamemassMk,e.g.,spinJandradialquantumnumberNetc.Themomentsum

rulesthengive

MZ(%,Q2)一¥9覆 〔Gk(Q2)〕2〔・+MkQ2〕 　 2〔・+Mk-m2Q2〕 ・(・3)

静)Theξ 一variablemightbemoreapPropriatethanω!・Forpresentpurposes,however,

thereisnodifferencebetweenthetwovariablesandweuseω!forsimplicity.Asforthe

ξ一variable,see,0.Nachtmann,Nuc1.Phys.B63(1973)237;H・GeorgiandH・D・Politzer,

Phys.Rev.Letters36(1976)1281.
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Hereweneedtheknowledgeabout(i)thebehaviouroftheresonanceformfactor

Gk(Q2),(ii)theeffectivecouplingconstantsgkand(iii)theformulafortheresonance

masses.Theexperiencewithapproximatescalingintheresonancernodels3>>4>andthe

Bloom-Gilmandualityalmostuniquelyrequirethattheresonanceformfactorshould

obeythefollowing"scalingformula"withtheapproximatedipolebehaviourforlarge

Q2

・西(Q2)-G(Q2Mk)=(・+Q2Mk)幽d/2・ 岨(・4)

andthattheeffectivecouplingconstantsshouldbehaveasgk～1/た.Thefbrmula(14)

hasalsosomeexperimentalsupPorts,20)especiallyfbrthepointthatGk(Q2)maybe-

comeafunctionofthescaledvariable2=Q2/ハ1釜.Thereforeat丘rstweconsiderthe

formfactor

(A)Gk(Q2)一 〔・+Q2Mk〕-d(ρ2L'乳(・5a)

Theonlyambiguitywhichwouldgiverisetoanimportanteffectisan1/Q2correction

toEq.(15a).Thiscorrectionmaybereasonablytakenintoaccountwiththeformfactor

(B)Gゐ(G2)一 〔・+MkQZ+m2〕 ∂/2〔・+Q2Mk〕-d(ρ2)/2(・5b)

InEq.(15a,b),d(QZ)isanarbitraryfunctionofQ2,anditwillbediscussedlater.We

alsotake3)・4)

gk/g&==1/(々 十a),(16)

whichisasimplerepresentationofthebehaviourgk～1/々.Asfbrthemassfbrmula,

wetakethequadraticones)

MZk==〃22十 μ2々,k=1,2,・ 。・.(17)

Herewenoticethatintheearlierworkonresonancemodels,3)・4》d(Q2),thepower

oftheresonanceformfactor,wasassumedtobeindependentofQ2andwastakentobe

equalto4.Suchanassumptionseemstobetoorestrictive.Wethereforepreferto

letd(QZ)haveageneralQ2-dependence.

III.Large-QZBehaviouroftheMoment

andthePatternsofScalingViolation

Inthissectionwestudythelarge-QZbehaviourofthemoment,Eq,(13),whichwas

originallyobtainedbysaturatingthestructurefunctionwithresonancesinthesmall-QZ

region.Accordingtothecorrespondencerequirement,thedescriptionofthemoment

intheresonancesaturationpictureshouldcoincidewiththosepredictedbyfieldtheories

intheasymptoticlimitoflarge-Q2.

A.GeneralResults.

*)Thelinearmassformula
,Mk=m十 〆 ゐ,isalsoareasonableone.This,however,gives

essentiallythesameresultasthequadraticone,andwehereafterconsideronlyEq.(17).
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InsertingEqs.(15),(16)and(17)intotheexpressionofthemoment,forlarge-QZwe

canapproximatethesumbyallintegralwiththevariable2=(,u2k十m2)/Q2toget

MZ@,Q2)-gO100
m2/ρ、dzz(・+})m(ρ2)(・+2)…2(・+m2zQz)・(・8a)

or

MZ@,Q2)-gO/OO
m2/dzQZz(・+÷)-d(4.2)〔 ・+2(・+m2Q2)〕 δ(・+z)…2(・+2一

InthelimitoflargeQ2(》m2),wemaysafelysetm2/Q2…vO

M2(n・Q2)-98∫:dxxn(・ 一 久7)d(Q2)一・

=go・B(n+1,d(Q2)),

m2

Q2・

(18b)

inEqs.(1Sa,b)andobtain

(19a)

or

ル12(",Q2)=g&・B(n十1一 δ,d(Q2)),(19b)

wherex-1=1-}-QZ/M2isessentiallytheBloom-Gilmanvariable.Eqs.(19)sayin

generalthatifd(Q2)isindependentofQ2,aspredictedbytheCFT,21)thenweshould

havetheBjorkenscalinginthelimitoflargeQ2.Ontheotherhand,sinceCFTactually

alsopredictsscalingviolation,131'wemustsaythattheresonancepictureisincompatible

withCFT.Accordingtothecorrespondencestatement,thisresultindicatesthatCFT

cannotunifytheresonanceandthepartonpicturesand,inthisspirit,itseemstobe

ruledoutasalikelycandidatefortheunderlyingstronginteractions.

B.PatternsofScalingViolations.

Hereweconsidertheinterestingcasewherethepoweroftheresonanceformfactor,

d(QZ),dependexplicitlyonQ2.andincreasesindefinitelyasQZgoestoinfinity.Infact,

QCDpredictsthisbehaviourwithd(Q2)behavingroughlyas22)

d(Q2)-4Gln〔}礁 燧 〕+p+・ ・G-4/27・(2・)

where1ウisrelatedtothethresholdbehaviour(ω ～1)ofthestructurefunctionatQ2=Q20

F2(ω,Q20)～(ω 一1)P.(21)
w^-1

Letusconsiderthetwomodelsseparately.

B-1)ModelA.

Ifd(QZ)increasesindefinitelyasQZgoestoinfinity,thenwehave

M2(n,Q2)～ 〔d(Q2)〕-n-lr@+1)asQ2→ ・・.(22)

Insofarastheexpressiond(QZ)givenbyQCD,Eq.(20),canbeaccommodatedinthe

resonancesaturationpictureandgivesthescalingviolation,QCDiscompatiblewith

theresonancepicture.ThisfactpartlyconfirmstheexplanationoftheBloom-Gilman

dualitybyQCD.10)Asiseasilyseen,however,thebehaviourofthemoment

MZ@・Q翫 蓋ln炉 一1・t-}暑1雛(23)
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isnotexactlytheonepredictedbyQCD

M2(〃,Q2)～t一 α●ln(n+2).(24)

Note,however,thatifwetakethelimitn→ ・OofthemomentEq.(19a),wehave

ル 「2(",Q2)～r(d(Q2))n-d(ρ2),
n‐ｺoo

whichgives(byusingEq.(20))

M2@,Q2)～ ノ(t)t-401n(n),

n‐ｺoo

Qz‐ｺoo(25)

ノ(t)=が(Illt)4Glnt-}-p+1/2.

ThisbehaviourisquitesimilartotheonepredictedbyQCD,Eq.(24),whichmeans

thebehaviourofthemomentatleastinthelargenandlargeQZregionisquitecon-

sistentinbothQCDandtheresonancepicture.

Anotherinterestingcaseisprovidedwiththechoiceofd(QZ)

d(Q2)～(Q2/Q20)α,α>0.(26)

Thenthemomentintegralbehavesas

ル12(n,Q2)～(Q2/Q20)一 α(n+1),(27)

whichisexactlythesamepatternofscalingviolationpredictedbythenewscalinglaw

(NSL)15)・16)withtheanomalousdimensionγ@)

r(n)=a(n+1).(28)

Thissolutionseemstobequiteinterstingonthebasisofthecorrespondenceprinciple

andweshouldpayspecialattentiontothisnewscalinglaw.

Itisworthwhiletotakenoticeofthefollowingobservation.Eq.(22)suggeststhat

M2(n,Q2)maybecomeindependentofQ2whenn=‐1(notwhenn=0).Inthe

languageofthequark-Partonmodel,itisnotthetotalnumberofquarksandantiquarks,

butthenumberofvalence-quarkswhichisconserved.Therefore,theQ2-indepen-

denceofthemomentMZ(n,QZ)atn=-1indicatesthatinModelAresonancescanbuild

uponlythevalence-quarkcomponentofthestructurefunction.

B-2)ModelB.

Inthismodel,themomentisgivenbyEq.(19b)whichbehaves

M2(n,Q2)～ 〔d(Q2)〕-n-1+ar(n十1一 δ),asQ2→ ○○,(29)

whend(QZ)increasesindefinitelyasQZgoestoinfinity.Wehavehere,withEq.(20),

MZ@・Q2)一(lnt)… ・+ら ∫-1聯 岱(3・)

Ifwetakethelarge-nlimitaswellasthelimitQ2→ ○・thenweobtain

MZ(n,Q2)～ ノ(t)t-4Gln(n一 δ),(31)

∂ コ舘

wheref(t)isthesameastheoneinEq.(25).

ByusingEq.(26)wealsohavethepattern

M2(n,Q2)～(Q2/Q20)一 α(n+1一 δ).(32)

HerewetakenoticeofthefactthatEq.(29)suggeststhepossibilitythatthemoment
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becomesindependentofQ2whenn=δ 一1.Inthissensewepayaspecialinterestto

thecaseδ=1.Inthiscase(ModelBwithδ=1)thebehaviourofthemoment(30),

(31)maybeconsistent`viththepredictionofQCDwiththesingletoperatorcontribu-

tions.Thepattern(32)isexactlythesameasthepredictionoftheNSLwiththeano-

rnalousdimension

YCn)=an.(33)

Inthelanguageofthe丘eldtheory,theconstancyofthezerothmomentofthestructure

functionmeansthatthestructurefunctioniscompletelydominatedbytheenergy-

momentumtensoranditshigherrankoperators.Accordingtothecorrespondence

argument,therefore,znModelBwithδ=・1resonancesmaybuilduponlythet-channel

singletorthesea-quarkcomponentofthestructurefunction.Thispossibilityseems

somewhatdifferentfromtheconventionalunderstandingofthecorrelationbetween

resonancesandvalence-quarks.Fromourexamples,however,itbecomesclearthatthe

asymptoticdipole-likebehaviouroftheresonanceformfactordoesnotnecessarilylead

totheexpectedresonance-valence-quarkrelation.

Finallywegivesomeargumentsonthevalence-quarkcontributioninthismodel.

Considerthecasewhereallresonanceshavethesamedipole-li.keformfactors(15b)with

cS=1.Thevalence-quarkcontributionismosteasilyextractedoutbytakingthedif-

ferenceofthestructurefunctionbetweenprotonandneutrontargets.Letusassume,

forsimplicity,thatthereexisttwotowersofresonanceswithmassesMkandMkt=ルfl十 κ2,

whosesumanddifferencecontributetothestructurefunctionsofthesumanddifference

ofprotonandneutron,respectively.Thenthesumwillbuildupthesea-quarkcontri-

bution,Eq.(29),withδ=1,andthedifferencewillgivethemoment

MZ(n,Q2)=一 一造霧 ∫『42話 を 〔zd(Q・)一・(1+z)m(4_・)-n〕

窪 κ2Q一2〔d(Q2)〕 一 一1r(n十2).(34)

Thisseemstobesatisfactoryasthevalence-quarkcontribution.Themoreinteresting

resultintheabovediscussionisthefactthatbyslightlyimprovingthetreatmentofthe

resonancesthereappearsinfact;thefactorn-f-1whichchangestheoriginalI'-factorin

Eq.(29)1'(n十1)toI'(n十2).Thereforetheaboveresultisquiteencouraging,atleast

toexpectsomemechanismswhichmaychangetheoriginalI'-factorsinEqs.(22),(29).

C.RelationbetweentheResonanceandtheValence-orSea-QuarkContribution.

IntheprevioussubsectionB,wehavebrieflymentionedthepossibilitythatinModel

A(ModelB)themomentM2(n,QZ)becomesindependentofQZwhenn=‐1(n=0)

andthereforetheresonancescanbuilduponlythevalence-(sea-)quarkcontribution

tothestructurefunction.Tolieprecise,however,inModelAthefactor1,(n-i-1)ap-

gearinginEq.(22)hasapole.atn=-1andthismayinvalidatetheabove-mentioned

QZ-independenceofthemomentatn=‐1.ThesameproblemoccursinModelB

becauseofthefactorr(のinEq.(29)withδ ・=1.

Theaboveproblemconcerningthepoleatn=‐1(n=0)mightprobablytheficti一
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ciosoneanditcouldbeduetoouroversimplifiedtreatmentofthecontributionsfrom

variousresonancestothestructurefunction.Infact,aswasdiscussedinB-2,bycon-

sideringthecontributionfromthedifferenceoftwoseriesofresonances,thefactor

n-}-1reallyemergeswhichcorrectlycancelsthepoleatn=‐1.Thereforeitseems

tobereasonabletoexpect,whenweknowthedetailsofthevariousresonance-contribu-

tions,thepolescomingfromtheI'-factorsmaydisappear.Wetaketh1Spossibilityand

investigatetheconsequences.

TheninModelAresonancesmaybuilduponlythevalence-quarkcontribution.We

herenotethatitisthenon-exoticresonancewhoseformfactorisknowntobehaveroughly

asdipole,Eq.(15a).Sotheabovecorrespondencemayberefinedasthecorrelation

betweenthenon-exoticresonancesandthevalence-quarks.InModelB,resonances

maybuildupthesea-quarkcontributionandalsoitmaybepossibletoconstructthe

valence-quarkone.Note,however,inthepreceedingdiscussionsitisimplicitelyas-

sumedthatallresonanceshaveasymptoticallythesameQZ-behaviour,namely,d(QZ)is

nearlyequalto4atmoderatevaluesofQZinEqs.(15).

Thereisalsoanotherinterestingpossibility.AscanbeeasilyseenbyEqs.(19a,b),

bothmodelsAandBsatisfytheDrell-Yan-Westrelation.23>Thisfactandthesharp

decreaseofthesea-quarkdistributionnearx=1comparedtothevalence-quarkone

suggestthatthereexisttwotypesofresonanceswhoseformfactorbehavedifferently

asQ2→ ○。.Infact,recentlytherehavebeenseveraltheoreticaldiscussionsandalsosome

experiementalevidencesoftheexoticresonances.24)・25)Iftheseexoticresonancesare

infacthadronicboundstatesandcorrespondtotheconfigurationqqqqqorsixquarks,

thentheseformfactorsshouldbehaveroughlyas(QZ)40r(QZ)5bythequarkcounting

rule.Thisbehaviouroftheformfactorgivesroughlytheconsistentbehaviourofthe

sea-quarkdistributionnearx=1.*)Ifwetaketheaboveseriously,thenthefollow-

ingseemstobequiteinteresting.Theordinarynon-exoticresonanceshavetheform

factorEq.(15a)(d(QZ)"'4atQZ=2‐4GeV2)andbuildupthevalence-quarkcont-

ribution,whereastheexoticresonanceshavetheformfactorEq.(15b)(d(QZ)‾80r10

atQZA'2‐4GeV2)andtheybuildupthesea-quarkcomponent.

IV.StructureFunctionatLargeQZ

Wehavestudiedthepropertiesofthemomentofthestructurefunctionintheprevious

section.Hereweconsidertheasymptoticdescriptionofthestructurefunctionitself

inthepresentresonancesaturationpicture.Ourresultspresentedinth1Ssectionare

allconfinedtothelargeQ2region(Q2》 〃Z2).

InModelA,wehaveobtainedthemoments,Eq.(19a),

静)Thesea-quarkdistributionbehavesnearx=1as

F穿(x,Q20)～(1-x)P1,p!≧6atQ言i≡2-4GeV2,

whichmeansd(QZ)inEq.(15b)isroughlylargerthan7atthesamerangeofQ2.See,

forexample,Ref.12.
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M2(n・Q2)-B(n+・,d(Q2))1=dxxn
O(・-x)d(の 一も(36)

whichindicatesthefollowingformfortheasymptoticstructurefunction,

FAs2(x,Q2)～(1-x)d((～2)-1,(37)

QZ-一>00

whereκ=ω 一1=Q2/2mv.AswasnotedinsectionsIIIB),C),thisstructurefunc-

tionmaybeunderstoodasthevalence-quarkcomponent.Onaccountofthispointwe

musttakenoticeofthefactthatthedistribution,Eq.(37),doesnotshowadecreasing

trendasx→0,contrarytotheusualassumptionmadeforthevalence-quarkdistribu-

tions.ThisbehaviourthatFZs(x,QZ)doesnotvanishatx=Oisinfacttheoriginof

thedivergenceofthemoment,'VIZ(n,QZ)atn=‐1and,therefore,ifweexpectsome

mechanismwhichmaycancelthisdivergence,aswasdiscussedinSectionIII,thenit

maynotbeunexpectedthatthesamemechanismwillmodifythestructurefunction

(37)soastomakeitvanishatx=Owithsomeadditionalfactorslikeκ η(0<η 《1).

Inthisrespect,werecalltheparametrizationofthevalence-quarkdistributionbyBuras

andGaemers11》

Fv2(x,Q2)(一 κη((～2)(1-.x)ξ((～2)-1,η,ξ>0,(38)

with

η(Q2)→0,ξ(Q2)→ ○OasQ2→ ○○.(39)

Herewejustmentionthatourresult(37)maycorrespondtotheasymptoticformof

(38)inthelimitoflargeQ2whereη(Q2)tendstozero.Inadditiontothepossibility

thatadetailedknowledgeofresonancesmayenableustomodifythebehaviourofFZs

nearx=0,thereis,ontheotherhand,thepossibilitythattheresonancesmayonlycor-

rectlybuildupthestructurefunctionatratherlargevaluesofx(say,x>1/3),while

inthesmallxregionstheymaynotreproducethecorrectstructurefunction.The

latterpossibility,however,seemstocontradicttheusualResonance-Reggedualitybe-

causeweusualybelievethatatsmallx(orlargeω)thestructurefunctionmaybewell

describedbyReggepoles.Ourpresentresult,atleast,suggeststhatsomeexaminations

oftheconventionalassumptionofthevalence-quarkdistributionsshouldbemade,

especiallyinthelimitoflargeQ2.

InModelB(δ=1),weobtain

MZ(n・Q2)-B(n,d(Q2))一 ∫:dxxn-1(・-x)d(Q2)一 ・・(4・)

or
FAS2(x,Q2)～x-1(1-x)d((～2)-1.(41)

Qa-一,00

Thisstructurefunctionmaycorrespondtothesea-quarkcomponent,aswasnotedin

sectionIIIB),C).Thisdistribution(41)divergesasx-1asxgoestozero,whichagain

seemstocontradicttheordinaryassumptionforthesea-quarkdistribution.Thebe-

haviourx-1,infact,mightbetoosingularandcausethedivergenceofthezerothmoment

ofFZS.Thisiscompletelyanalogoustothefactthatthenonvanishingoftheasymptotic

structurefunction(37)atx=Ocausesthedivergenceofthemomentatn=-1.There-

fore,aswasmentionedabove,inthiscasealsowemayexpectthatthemechanismwhich
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cancelsthedivergencewillmodifythestructurefunctionwithsomeadditionalfactor

likeκ η'(η,>0).TherecentanalysisbasedonQCD11)infactshowsthebehaviour

FS2(x,Q2)～ κη'((～2)-1(1-x)ξ'(Q')-1,η,,ξ,>0,(42)

with

η,(Q2)→0,ξ,(Q2)→OoasQ2→Oo.(43)

Notethatthisdistribution(42)againcoincideswithourasymptoticdistributionF2S,

(41),inthelimitofQ2→ ○○.

Rememberingthatthepresentdescriptionofthescalingviolationbasedonthere-

sonancepictureisinfactanasymptoticone,wemaysaythattheresonancepicturecan

describetheessentialfeaturesofthepatternsofscalingviolation,andcanalsorepro-

ducethebasicrequirementofthepartonpicture,suchastheconservationofthenumber

ofthevalence-quarksoroftheenergy-momentumtensor.Thislendsstrongsupport

tothecorrespondencehypothesisutilizedthroughoutthispaper.Therefore,wemay

expectasuccessfulunificationoftheresonancepicturewithQCDorwiththenewscal-

ingaw.

Weaddonemorecommentabouttheformofthestructurefunction.Incomparing

Eqs.(15a)and(15b)withEqs.(37)and(41),respectively,wefindthatourresultre-

producetheDrell-Yan-Westrelation23)inageneralizedform.Thismaybeacommon

featureoftheresonancemodel.

V.ProtonFormFactorObtainedfromCorrespondence

ArgumentsbetweenResonanceandPartonPictures

Itisknownthattheelectromagneticformfactoroftheprotondeviatesfromthefamous

dipoleformatlargeQz.2s>Thisdeviationmayberelatedtothescalingviolation,andthe

discussionsgivenintheprevioussectionshavebeendoneonthebasisofthisrelation.

Forexample,DeRujula,andGrossandTreiman22>relatedtheprotonmagneticform

factortothestructurefunctioninQCDbyassumingtheBloom-Gilmanduality.2>

Thereresutingformfactorsshowedconsistentlarge-Q2behaviourwiththedata.Further-

more,theexpressionoftheprotonformfactorobtainedinthismanneralsoagreedwith

othercalculations27)inQCDwithouttheuseofBGduality.

Intheprevioussectionswehavestudiedtheconsequencesofthecorrespondence

requirementbetweentheresonanceandtheparton-field-theorypictures.Inthatcon-

text,ifwecanfindexpressionsofresonanceformfactorswhichsatisfythisrequirement,

weshallcallsuchformfactorsas`solutions'ofthecorrespondencerequirement.In

thissense,QCD-andNSL-inspiredformfactorsarethepossiblecandidatesforthe

`solutions'
.Herewestudywhethersuchformfactorscoulddescribetheexperimental

dataatlarge-QZcorrectly.

Byusingthe``formfactorscalinglaw,,G翌((12)=AGE(Q2)(μisthemagneticmoment

oftheproton),theelasticelectron-protonscatteringcrosssectionintheone-photon

approximationisexpressedby
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器 一(NS(一 ρ翌鰐)一)2〔≒響 で+2τμ2tan2(窪)〕・(44)

where(dQ/6ρ)Nb'denotesthecrosssectionforscatteringfromapointproton,θisthe

scatteringangleintheLab-frameandr=Q2/4m2(mistheprotonmass).

Theformoftheprotonmagneticformfactorconsideredinthepresentanalysisisthe

onegivenbyEq.(15a),i.e.,

G〃(Q2)=μ/(1十Q2/λ 〃22)d(〈～'1)/2(45)

whered(Q2)aregivenbyEqs.(20)and(26),

d(Q2)e{撒1撫 鑑ll〕
+p+L(46a)(46b}

InEq.(46b)wesetか=3andGisgivenby

G=4/(33-2f),(47)

wherefisthenumberofquark-navour.UISareferencemomentumandえ,αand∠are

paramenterstobedeterminedbyfittingthedata.Eq.(46a)correspondstoNSLand

Eq.(46b)toQCD-typesolution.

IntheactualanalysisweexaminetheratioQM/GnwhereGDisthedipoleformula

GD(Q2)=1/(1十QZ/0.710)2..(48)

TheaboveratioisnormalizedtolatQZ=QoandwetakeQo=3.759GeV2.

Figs.1aandlbshowtheresultsofNSL,Eq.(46a).Wefittednineexperimental

points,rangingfromQ2=5.075GeV2to25.03GeV2.Fig.1ashowsthebestfit,while

Fig.1bisforthetwocaseswiththetwospecificvaluesof.?whichwillbediscussedlater.

Thevaluesofλandαwiththecorrespondingx2aregiveninTable1.

Figs.2aand2bshowthefitfortheQCD-typesolution,Eq.(46b).Fig.2ashows

theresultofthe4-flavourmodel(f=4inEq.(48)),andFig.2bthe6-flavourmodel

(ノ=6).Thevaluesofえ,ノ12,andx2aregiveninTable2.

Discussionsonseveralpointsareinorder.

i)WepointedoutintheprecedingsectionsthatNSLisabletoexactlysatisfythe

correspondencerequirement.AscanbeseeninFig.1a,1bandTable1,NSLalso

givesexcellentfitstotheexperimentalprotonformfactor,andwetakethisasanother

strongsupportforNSL.

ii)Fig.1bshowstheresultsoftheone-paramenter(a)fitcorrespondingtotwoin-

putvaluesofえ.Thecaseofえ=1correspondstotheoriginalexpression(Eq.15a),

andλ=0.710/0.880tothecaseof加2=0.710,the``dipole-mass,,usedinEq.(48).

Thebestfitvalueofえisquitecloseto1.

iii)TheparameterainEq.{46a)essentiallymeasurethemagnitudeoftheanomalous

dimensionofthespin-noperatorinNSL

γ(%)=α(n十2).(49)

Thisparameterwasestimatedfromthescalingviolationinlepton-nucleonscattering.ig>,2s>

Thepresentresultwithえ=o.710/0.880isroughlyconsistentwiththevalueobtainedby

KawaguchiandNakkagawa,28)andthattheresultsofthebest丘tandえ ・=1givevalues
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Fig.1aThebestfitresultinNSL.DataaretakenfromRef.1.
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〇1020304050

Fig.1bResultsinNSLcorrespondingtotwoinputvaluesofthe

parameterλ.Solidline:λ;1,dashedline:λ=o.71010.880.

BestFit

λinput

λ

0.961

1.0

o.7io

O.880

a

0.740x10_2

0.245x10_2

0.282x10-1

XZ(9points)

5.238

5.258

5.598

TablelThevaluesoftheparamentersandXZinNSL.
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Fig.2aResultsinthE:four-flavourmodeloftheQCDtypesolution.

Solidline:bE;stfit,dashedline:!12=0.2GeV2.
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Fig.2bResultsinthesix-flavourmodeloftheQCDtypesolution.

Solidline:bestfit,dashedline:X12=0.2GeV2.

f=4

f=6

BestFit

!12input

BestFit

ノ12input

z12

0.154x10-1

0.2

0.411x10-2

0.2

λ

0.830

1.164

0.818

1.302

XZ(9points)

5.273

6.992

5.285

9.007

Table2ThevaluesoftheparamentersandXZintheQCDtype.
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smallerthanthoseobtainedfromscalingviolation.*)

iv)TheQCD-typesolution,Eq.(46b),alsogivesgoodfittothedata.Aninteresting

featureofthismodelisthefollowing:ifweuse112=0,2GeV2suggestedbytheanalysis

ofthescalingviolation,29>thetheoreticalcurve(with.Zdeterminedbyfittingdatafor

Q2>5.075GeV2)seemstofitthesmallQZdatadowntoQZ=1.OGeV2aswell,especially

inthefour-flavourmodel.ThischoiceoftheparameterX12,however,givesalittle

fasterdecreasethanthedatainlargeQ2region.

v)Thebestvaluesof112intheQCD-typesolutionaresignificantlysmallerthanO .2

GeV2.AswasmentionedearlierthismayduetothefactthatQCD(intheleading

logarithmicapproximation)doesnotexactlysatisfythecorrespondencerequirement

basedontheBloom-Gilmanduality.

vi)Finallyweshouldmentionthatboth`solutionsofthecorrespondencerequirement'

(NSLandQCD-type)giveexcellentfitstotheexperimentalprotonformfactor,despite

therathersimpleexpressions.Furthermore,wehavealreadyknownthatbothQCD

andNSLcanalsodescribethescalingviolation.Theremainingproblemsarea)whether

these`solutions'cangivesimultaniousdescriptionofboththescalingviolationandthe

formfactorwiththesamevaluesofparameters,andb)howtodescriminatevarious

`solutions'
.Partlybecauseoftheexperimentaluncertaintyandpartlybecauseofthe

theoreticaldif丑culty,wecannotatpresentanswerthesequestions.

VI.SummaryandDiscussions

Throughoutthispaperwestressedtheimportanceandtheusefulnessofthecor-

respondenceargumentsbetweentheresonanceandtheParton-field-theorypitures.In

factwehavestudiedthebehaviourofthemomentsumrulesandobtainedthegeneral

conclusionthattheconventionalfieldtheorieswiththeultra-violetfixedpointsshould

beruledoutasalikelycandidateforthestronginteractions.Thisconclusionmaybe

importantbecause,uptonow,experimentalresultscannotconclusivelydecidewhichtype

offieldtheoryistobefavoured.

Moregeneralytheresonancepictureseemstofavourthosetheoriespredictingan

indefinitelyrising(asntendstoinfinity)anomalousdimensionr(n)ofthespin-nope-

rator.Uptonowweknowonlytwotheorieswithsuchr(n):QCDandthenewscaling

law.WehavenotedthatQCDmaybecompatiblewiththeresonancepictureandmay

beabletounifytheresonanceandthePartonpictures.Thisconclusionpartlyconfirms

andgivessupporttothequalitative"explanation"oftheBloom-Gilman"local"duality

bytheasymptoticfreedom.ThecorrespondencebetweentheresonanceandQCDis,

however,ratherqualitative,namely,thepredictionsfromQCDarenotexactlythesame

巽)SomewhatlargervaluesobtainedinRefs .16and28areprobablyduetothefactthatin

thosepapersa)thecontributionsfromvalenceandseaquarkswerenotseparatedandb)

thedatawithsmallQ2(downtoQZ.0.5GeV2)wereincluded.
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astheasymptoticdescriptionbasedontheresonancepicture.*)

WehavefoundthatNSLisalsoquitesatisfactory:theresonancemodelwithd(Q2)

behavingas

4(Q2)～(Q2)α

givesexactlythesamepatternofscalingviolationasdoesNSLwithanomalousdimension

YCn)

γ(n)=α(n+1),or,α 〃,

dependingonthenonsingletorthesingletoperators.Inthiscasethecorrespondence

maybecomplete.

AnalysisofthescalingviolationbasedonNSLhasalreadybeendoneanditfitsthe

experimentaldataverywell.Wbknow,however,verylittleaboutthefundamentalbasis

ofNSL.Weknowonlythefollowings:a)itcorrespondstothetheorywhichpredicts

r(n)tobeproportinalton,andb)itmayhaveitsoriginfromthesuccessiveappearance

ofthenewmassscals.Thepointb)makesusimaginetheresemblancebetweenthe

resonancepictureandtheoriginofNSL.Asfora),itshouldbenotedthatthelinear

increaseofr(n)withnistheextremecase,allowedbytheNachtmann'spositivitycon-

ditions,30)oPPositetotheexactscaling.

Finallywegivesomediscussionsabouttheparametrizationofthestructurefunction

ofRef.11,aboutwhichwehavebrieflymentionedinsectionIV(see,Eqs.(38),(39),
　 コ

(42)and(43)).TheresultsofRef.11andoursagreeforQ2→ ○Oasthedifferencelsln

theapPearanceoftheexponentη(Q2)whichgoestozeroasQ2→ ○○・Aswasdiscussed

earlier,thefactor,κ ηmaybeexpectedtocomefromthesamemechanismwhichcancels

thedivergenceofthemomentatn=-1(orn=0).Wehave,however,notsucceeded

inconstructingaconcreteexampleofsuchamechanismwhichcancelsthedivergence

andatthesametimeproducessuchamodificationofthestructurefunction.More

carefulanddetailedstudyonthispointshouldbemade.

Meanwhile,itseemsworthwhiletostudytheconsequenceoftheadditionalfactor

likeκ η(QZ)intheresonancemodel.Ifweseteverycomplicationaside,thenbyre-

versingthepresentprocedures(forsimplicity,`veconsideronlythevalence-quarkpara-

metrization(38))wearriveatamodifiedModelA,whereGk(QZ)isnowreplacedby

Gk(Q2)=〔 、旱λ〕η(ρ2)/2〔・+λ〕-d(Q・)/2・λ一Q2/聯(5・)

ThisisessentiallytheModelBwithnegativevalueofδ.Inordertoguaranteethe

QZ-independenceofthemomentMZ(n,QZ)atn=‐1,Gk(Q2)shouldhavetheextra

factor1/B(η(Q2),d(Q2)),i.e.,

Gk(Q2)NB(
η(Q2美4(Q2//〔 、旱λ〕η(α)/2〔・+λ〕-4(α)/2(5・)

ThisformfactorhasthesameasymptoticbehaviourastheoriginaloneEq.(15),and

issimilartotheoneusedbyTajima.4)Wearenotsurewhethertheformfactor(51)

恭)Remember
,however,Eq.(25)andtherelateddiscussioninsectionIIIB.
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givesasatisfactorydescriptionoftheexperimentaldataornot.*)Onthebasisofthe

correspondencehypothesis,however,itiscertainlyaninterestingparametrizationof

theresonanceformfactors.

IntheaboveconsiderationswehaveputalltheeflFectsfromtheadditionalfactor

κη(Q2)intotheformofGk(Q2).Thereisofcausethepossibilityofidentifying(partof)

theeffectsotherwise,butsuchaconsiderationwillforceustogointothedetailsofthe

resonances,andthisisbeyondthescopeofourpresentinvestigation.
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