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Optimizationanalysisofthephotonstructurefunctionisworkedoutforasimplifiedtwo-

componentmodelthatkeepstheessentialbehaviorofthecompletestructurefunctionand

becomesexactinthelarge-nlimit.Ourfindingsareasfollows,i)Thoroughresolutionof

scheme-dependencescanbeachievedsatisfactorilyiftherenormalizationandthefactori-

nationschemedependencesareinvestigatedsimultaneously,ii)Thetwo-scaleformalism

ofoptimizedperturbationtheoryhasdealtwiththelargesecondordercorrectionsasy2→ ○O

sothatatleastpartoftheleadinglarge-ntermsareabsorbedintothecouplingconstant,

andthattheoptimizedperturbationexpansionmayshowanimprovedconvergencebehavior,

thusgivingasolutiontotheproblemoflargecorrectionsinthelarge-nlimit,iii)The

abovesolutionagreesatleastuptotheleadinglarge-ntermswiththeresultsobtained

throughthekinematicalanalysesbasedontheresummationofsingularterms.iv)The

optimalscheme,inwhichwecangettheabovebeaut三fulconsequences,hasbeenshown

exactlytoliewithinaclassofschemeswheretwo-loophadronicanomalousdimension

vanishes.

1.Introduction

Theasymptoticallydominantcontributiontothephotonstructurefunctioncomes

fromtheinhomogeneouspointliketermthatcanbecalculatedsolelyfromquantum

chromodynamics(QCD)withoutsufferingfromanyunknownmatrixelementsof

localoperatorsl"2',andthesubdominanthadron-like(orVMD-like)termcontributes

essentiallyonlytothesmall-xregionsorthesmall-nmoments3'.Becauseofthis

beautifulfactthephotonstructurefunctionhasbeendiscussedasacleantesting

groundofQCD.However,onceweapplyQCDperturbationtheorythephoton

structurefunctioncannoteitherescapethefamoustwodiseases:Thefirstoneis

thecalculationalscheme-dependences4',suchastherenormalizationscheme(RS)

dependence5)・6)・7)andthefactorizationscheme(FS)dependence8)・9)・10),oftheresult

inherentinQCDperturbationtheory,andthesecondoneisthelargenegative

subleadingordercorrectionscomingfromsingulartermsforx～111)・12),orequivalently
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asn→Oothatmightbeofkinematicalorigin.

Inordertostudytheproblemofscheme-dependencesthekeyobservationisthe

followingfact:PerturbativeQCDcalculationsofphysicalquantitiesdependessen-

tiallyontwocalculationalschemes4>,13',theRSandFS,andbecausetheFS-depen-

deuceiscloselyconnectedwiththeRS-dependence,bothscheme-dependencesshould

beanalyzedsimultaneously9"10'.Resolutionofambiguitiesduetoscheme-dependences

hasbeencarriedoutsuccessfully)°'withtheuseofthegeneralizedtwo-scalefor-

malism10'ofoptimizedperturbationtheory(OPT)basedontheprincipleofminimal

sensitivity(PMS)7'.Analysisofhadronicstructurefunctionhasprovideduswith,

amongothers,aninterestingconsequenceabouttheconvergencebehaviorofpertur-

bationexpansion10';Throughtheoptimizationpartofthelargecorrectionsare

absorbedintotheoptimizedeffectivemass-scaleVVIthwhichthecouplingconstant

runs,andtheoptimizedperturbationcoefficientsbecomemoderate.Thusthecon-

vergenceoftheperturbationexpansioninter.msofthecouplingconstantisformally

improve.

Thisfactremindsusoftheconsequenceofkinematicalapproaches14>,15>tohandle

thelargesubleadingordercorrectionscomingfromkinematicallysingularterms

mentionedabove.Amatietx115'claimedwithaposteriorijustification18'that,by

resummingsuchperturbationseriesbeingsingularasx→1(orn→ ○○)toallorders

ofthestrongcouplingconstant,theargumentoftheeffectivecouplingconstantat

eachvertexoftheladderrungisrescaledasQ2→Q2(1-x)andthattheperturbation

expansionintermsofsucha"rescaled"couplingconstantcontainsonlylesssingular

perturbationcoefficientsthusshowsformallyanimprovedbehaviorofconvergence.

Itisinterestingtocarryouttheoptimizationforvariousquantitiesandtocompare

theresultswiththosefromthekinematicalanalyses.Suchinvestigationmayshed

somelightonthequestionwhatthePMS-optimizationdoes,notinthecontextof

amathematicalprescriptionbutasaphysicaleffect.

Recentlybasedontheanalysesofstructurefunctionsofthephoton17'aswellas

hadrons'°'wehaveshown18'thattheoptimizationthroughthetwo-scaleformalism

mayinfacthavecorrectlytakenintoaccountthekinematicalboundaryeffects,

andthatakindof"equivalence"holdsforthetreatmentofkinematicallysingular

higherorderperturbationcoefficientsbetweentheOPTbasedonPMSandthe

kinematicalapproaches.Incontrasttohadronicstructurefunctions,however,the

OPTanalysisofthephotonstructurefunctionisquite

discussedinRef.17,andthecompleteanalysiscanbe

numericalcomputationswithoneimportantassumption.
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structurefunctioninthelarge-nlimit.Thisanalysisalsogivesajustificationfor

theassumptionadoptedinRef.17.

II.StructureFunctionofthePhoton

A.Themodel

Then-thmomentofthephotonstructurefunction

Frn(Q・)-11伽 η一・F2(x,Q・)(1)　　
canbefactorizedintermsoftheWilson'soperatorproductexpansion(OPE)as

　 　う
.Frn(Q2)-9,、(a(M))・ ～凄《(Q/μ,M/μ,∂(μ)),(2)

where9、 、isthematrixelementofthelocaloperatorwithspin-n,andntheOPE

coefficientfunction.Throughoutthispaperwecarryoutthecalculationvalidto

thefirstorderintheelectromagneticfinestructureconstantaem=82/4Following

thetwo-scaleformalismofOPT10'wecalculatetheOPEcoefficientfunctionin

termsoftheQCDeffectivecouplingconstanta(μ)=92(μ)/4π2,renormalizedat

thescale,u,andrenormalizetheoperatormatrixelementatthescaleM.

Inthispaperweconsiderasimplifiedtwo-componentmodelofthephotonstruc-

　　ラ 　　

turefunction,namelyinEq.(2)9and(『aretwo-componentrowandcolumn

vectors,respectively(hereafterthemoment-indexnissuppressedforsimplicity),づ
・9=(・9NS,3γ),(3a)

蓼=傷 う ・(3b)

or
　う 　う

Fr=・9・(彦 フ=・92>S(琢 ・S十,9γ(r.(3c)

づ
Theoperatormatrixelement3satisfiestheequationづ
d,9(a

dln(笠L属(a(M))・ γ(a(M))・(4)

whererdenotesthe2by2anomalousdimensionmatrix

γ 一(rNsOKNSO)(5)

ThenEq.(4)isdecomposedintotwoequations

-4雛 穿))-Ll!VS(a(M))γ πs(a(M))+9
,(a(M)臨(a(M))・(6a)

4÷ 鴇(珍 一 …r3
・isindependent・fM・(6b)

whichcanbeeasilyintegratedtogive19>

卿(M))-a(MAexp
ao)4κ 繋

+3・ ∫1㌦ 讐)aexp
x(M)の γ謬)・(7)

where・4isthescheme-independentconstantg)・10),andtheβ 一functionsaredefined

4),13)as
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da(μ)/41nμ=β(a(μ)),a(μ=μ 。)=9葺/4π2,(8a)

da(M)/dlnM一 β(a(M)),a(ルf一 砥)=gM/4π2.(8b)

Asusually2'weshallneglectthefirstterminEq.(7),keepingonlytheinhomo-

geneouspoint-liketermthatisdominantintheasymptoticlimit.Thusvvearenot

concernedwiththestructurefunctionatsmall-xregions3'.

Perturbationexpansionsforvariousquantitiesareasfollows;

γハ・8(x)=

KNS(x)

βω

βα)

琢8α)

匂 ω

VY

γハOTSx一 トγハ弄8x2十 …

e2(・nNS+1(NSx+…)

bx2(1+cx+C,x2+…)

ろx2(1+cx+C,x2+…)

e2δN8(1十B亙8x十 …)

e4Ur(Br+...)

1,

,

,

,

,

,

,

(9)

wherexdenotesthecouplingconstanta(M)ora(μ).Itistobenoted

thattheleadingordercoefficientsoftheβ 一functions,bando・

andtheleadingorderanomalousdimensioncoefficientsrNSandKNSareallscheme-

independentquantities,whichhavebeencalculatedalready20>,2>.Othersecondorder

coefficientsrNs,1NS,B麗8andIB、dependonschemesusedintheactualcalcu-

1ations.

Nowconsiderthenext-to-leading(second)orderapproximationbytruncating

everywhere,e.g.,inEqs.(9),theperturbationexpansionuptothesecondorder N
terms.Inthisordertwoβ 一functionsβandβcoincide.Thenwegetthesecond

orderexpressionforthestructurefunctionas

〈

1'r bFr/e4

一 ろδβ
,+δ 亙8(・+BNSの(1+ca・ 柳)繭

C

×1+cdz
ca{礁 〆 …2(・-z)4蜘 聴 一dNS-1(・-z)州 ・
1十ca

(10)

wherea≡a(M),a≡a(μ),ゐ8≡ γ認8/banddNs≡ γ犀8/be.Eq.(10)isthe``exact"

expressionuptothesecondordercalculations.Inthelimitofsmallcoupling

constantα2δ20,wecangetamoreconvenientexpression.Intakingintoaccount

thefactthattheupPerlimitoftheintegrationin(10),o/(1十 〇),islessthanunity・

or

o/(1十 〇)20.606forη ∫=4,

whereofisthenumberofquarkflavors,weunderstandthatthemaincontributionto

theintegralcomesfromthelowerlimit.Thusbyexpandingtheintegrandaround

z=Oandkeepinguptothedesiredterms,wegetthefollowing"approximate"

expression
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ハ
Fr=一//Ir十 δ、v8(1十B.vsa)(1十ca)1d.vs

、畿8≒ ・a+KN,s‐CKNSCldNs+4越
XC

+cdNsd
Ns、{吉 岬+1NS)-KNs}、a+ca〕.(・ ・)

Togettheaboveexpressionwehaveneglectedtermsproportionalto(ca/(1十 〇の)d:v,s,

tobeconsistentwiththeapproximationthatwehaveneglectedthefirsttermin

Eq.(7).

Thesecondordereffectivecouplingconstantsa(M)anda(μ)aredefinedby

integratingtherenormalizationgroupequations(8)as?',1°'

lblln釜 一∫;諮 。x)一 ÷+・ln(ca1+ca)・(・2a)

blln!VI

11-∫ 》(dx1+cx)一 ÷+・lnぐca1+ca)・(・2b)

B.Connectionwiththecompletestructurefunction

HerewediscussabouttheconnectionofthesimplifiedmodelpresentedinA

withthecompletephotonstructurefunction,andshowthatinthelarge-nlimit

thecompletestructurefunctionessentiallyreducestothemodelconsidered.

Thecompletephotonstructurefunctionconsistsoffourcomponents,i.e.,
　　 ム
2T-(3ψ,θ σ,・9N8,2f,)一(3,3,),(13a)

う バ
t(『)一(

4,㌶,貿v8,r)一(`貿r),(13b)
ノ　 ム
9and(『arethree-componentvectorswhosecomponentsareobvious.Theoperator

づ
matrixelementOsatisfiestheequation

づ
4鑑(響 一 灰 π(M))・ γ(a(M)) ,(・4)

wheretheanomalousdimensionmatrixyisgivenby

γψψ γσψ00
ム

γψσ γσσ00γ0

γ=・ ・ γ澗 ・ ≡

K。 ・(・5)

KψKGKNsO

Eq.(14)canbeintegratedtogive'9>

バ
3(a(M))-ATexp二1㌦ll甥

バ ム

+3・a(M
1)4畷 箸Texp∫1(財)の 酬 ・(・6a)

・9γ=1.(16b)

TheT-orderinginEq.(16a)isnownecessarybecauseofthematrixstructureof

ム ノ　 ム
theanomalousdimensionmatrixγ,namely,[γ(a'),γ(a")]ギ0.

TheexistingsecondordercalculationsintheMSand/orMSschemeshow,

however,thattheone-andtwo-loopanomalousdimensionsbehaveinthelarge-n
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limitasfollows2°"21'

γ3ψ

γ3σ

γ訪ψ

γ多σ

～

～

ti

ti

rGG

γ&ψ

rGG

γきψ

Thusinthelimit

becomesessentiallyadiagonalmatrixandtheT-orderinginEq.(16)

Thereforeweget(thefirsttermin

F・/64=δ ψ9ψ@(M))(1+BYa(μ))

+δ ψ3σ(a(M))BGa(μ)

+δ 冊3ガ8(a(M))(1+BN.sa(μ))

+δ β,,(18a)

9・(a(M))-a(!ei
1)dx-K°+Kx-exbx2(1+cx)p二(M)dyr°+r2yby(1+cy),

σ=ψ,G,NS).(18b)

Ifwefurthertakeintoaccountthefactsthatthegluoncontribution(thesecond

termin(18a))isnoteffectiveinthelimitn→Oo(orx→1),andthatthefermionic

contributionisessentiallythesameasthenon-singletcontribution,thenwerecog-

nizethatthemodelpresentedinAisessentiallynothingbutthelarge-nlimitof

thecompletephotonstructurefunction.

;

～ γ1却8～ どや(lnn) ,(17a)

～ ご6'(1/n),(17b)

～r!>b'～ ♂'(Inn),(17c)

～ ♂,(ln2n/n).(17d)

ム
n→OotheanomalousdimensionmatrixγinEqs.(15)and(16)

canbeomitted.

(16a)isneglected)

III.Optimization

A.Optimizationvariables

Nowweconsiderthesecondorderexpressionofthemodelstructurefunction,

Eq.(10)orEq.(11),andapplythetwoscaleformalismofOPT.Inthesecond

orderapproximation,asetofparametersthatlabelscheme-dependencesis{the

renormalizationscaleln,u,thefactorizationscalelnM,thetwo-loopanomalous

dimensiondNS=rNSIbcandKNS},andthequantitiestobeoptimizedarethe

secondordercoefficientsBN8,1ヲ γandtheeffectivecouplingconstantsa(M)and

a(μ).Inthefollowingwetakealltheabovefourscheme-labelingparameters

(lnμ,1nM,dNSandINS)asindependentoptimizationvariables.

Beforeenteringthedetailsoftheoptimizationofthephotonstructurefunction,we

heretakenoticeofthefollowingfact:TheperturbationcoefficientB.vsappearing

inEqs.(10)and(11)isnothingbutthatappearsinthecalculationofthenon-

singletcomponentofhadronstructurefunction.Thusthestructureof.Bぎ8,except

itsoptimalvalue,shouldbedeterminedthroughtheanalysisofhadronstructure

function.Suchanalysishasalreadydeepdone10'andtheresultingequationscoming

fromtheconsistencyrequirementofperturbationtheoryare

oBNS/aln;u=0,(19a)

∂Bws/∂lnM=-bdvs(一_0-r1VS),(19b)
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∂BNS/∂4犀8=-C.(19c)

ObviouslyB.vsshouldbeindependentoftheanomalousdimensionKN,Sthatappears

onlyinrelationtothephotonstructurefunction,i.e.,

∂BaVAI/∂1NS-0.(20)

Inordertocarryouttheoptimizationprocedureweshouldatfirstevaluatethe

responseofthestructurefunction(10)or(11)tochangesofthescheme-labeling

parameters.Weshalldiscusstheexactoptimizationstartingfromthe"exact"

structurefunctionuptothesecondordercalculation,Eq.(10),andtheoptimization

inthesmallcouplinglimitstartingfromEq.(11),separately.

B.Exactoptimization

Theresponseofthestructurefunction(10)tochangesoflnμandKNsisgiven

asfollows;

轟ba2(1+・ の(、 旱～")ぬ8(・ 一}-ca)婦8

aFr

la
NS

×焦42{礁

aBr
=一 一わδγ

∂K而

z-4…2(・-z)idti-s+1+K財8〆 …1(・-z)州 ・

+δ 潔8(・+踊(、d_vs(・ 柳)4帰 ・

(21a)

×C1+c
ca_
1+cadzz-一(・ 一)ゴ 鳶 ・(2・b)

wherewehavemadeuseofEqs.(19a)and(20).Itistobenotedthattheintegrals

inEqs.(21a)and(21b)areoftheorderご ρ(a-4vs-1)and6つ(a-dws),respectively.

ResponseswithrespecttoothervariableslnManddNSarecomplicatedanditis

difficulttogetusefulconclusions.Thereforeweherestudyconsequencesobtained

fromEqs.(21).

Accordingtotheoptimizationprocedure,wethenimposethattheresponseofバ
Fr,Eqs.(21),tobeofordera(theconsistencyrequirementofperturbationtheory),

andobtainconsistencyequations

器 一 ・・(22a)

∂aBrKNs一 轟8・(22b)

Finallywegettheoptimizationequationsbysettingthevariations(21a,b)tobe

exactlyzeroafterthesubstitutionofconsistencyequations(22a,b),

Bars=0,(exact),(23a)

4N濫)dws(・ …)4函 ∫甑42之 一1(・-z)4鳶 一 ・・(23b)

ThesolutiontoEq.(23b)is

l
NS=・0,(24)
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whichisexactuptothehadroniccontributionsoftheorderご ク)(adnS).Thisresult

(24)saysthattheoptimalschemelieswithinaclassofschemeswherethetwo-

loophadronicanomalousdimensionvanishes,thusjustifiestheassumtionadoptedin

theanalysisofthecompletephotonstructurefunctionespeciallyinthelarge一 η(or

large-x)regions.Itisalsotobenotedthatintheoptimalschemecorrectionsto

thestructurefunctioncomingfromtheconstituentquarkscatteringvanishexactly,

Bハ ・S=0.

C.Optimizationinthesmallcouplinglimit

Hereweconsiderthestructurefunctioninthesmallcouplinglimit,Eq.(11).バ
TheresponseofFrtochangesofschemelabelingparametersbecomeasfollows

(consistencyequations(19)and(20)areused);

バ

器 一 一∂δ・艦+か δ渦8δ ・(1+ca)(1+ca)1DNS

…11NS・+ca+ζ 虻 墾 旦 土 璽芝1-×[、
+dNsadNS

+語{吉 岬+INS)一 κぜ8}a1+
ca],(25a)

轟 一 一輪 一 ・+ca)dNSj-dvsa+cdNs(・+βN8の グ}

KNS1+caKNS‐cKNSC1+-des)

‐+ _一 一 一一一×[、+鵡
v8a砥8

+為{吉 岬 編)一 碍8論]

+(・+蜘[謙 ・ヂ+素 套1

×{12岬+1NS)鮎 ∴ δ]〕,(25b)

aFr
=_bb`raBr

adNSadNs+餌8(・ …)4函 〔 ‐ca-+一(1+B,v.sのln(・+・a)}

×[、讐 ∴ ・α+KNS-cKNSCld
Ns+1Ns)

+素 鵠 岬+娠8)-1aKN`S1+
ca

+(・+呵 一饗+c-1-cKNs
NSZ(・+2娠)一 砥}、a+ca]〕 ・(25c)

∂aF°__bd`rillNS∂aBri1Nb`+δN8(・ …)4鳶(一)C煮 壽 、a1-+-ca)・

C25d)
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Imposingtheconsistencyrequirement,

ゆ 　
a,wegetconsistencyequations;

aBr

∂1nμ

∂Bし

alnM

aBr

la
NS

a.8r

ia
NS

o,

一 一δ£8碑8 ・

CVNSl1NS

わδ,dハ ・8'

ONS

bardws●

namely,thevariations

No.14

(25a-d)tobeorder

(26a)

(26b)

(26c)

(26d)

IntegratingtheconsistencyequationsforjBγ,Eqs.(26),andthosefor・Bハ ・8,Eqs.(19)

and(20),weget

Br(Q/M)一 綜8幽 舟 一・輪+畿)+κ ・・(27a)

B.vs(Q/M)-4ぎ8わln舟 一 ・dNs+… ・(27b)

whereκ γandDNSarescheme-invariantscalculableinanyscheme,andQdenotes

ingeneralthelargemomentumscaleinherentintheprocessconsidered(inthe

presentcasethefour-momentuntransferedfromthecurrent).

Finallywesetthevariations(25a-d)tobeatmost6`;'(a2).Withtheuseof

consistencyequations(26a-d)wegettheoptimizationequations,

BNS=0,(28a)

、李叢 繭 γ+嚥 一βNε)-KNs-・,(28b)

藩 φln髭+BN8)一 一課 ぶ(cdNS.+β.∬)

+1d
vs-1{ONS(・+2轟8)-K認8}一 ・ ・(28c)

dNS=0.(28d)

Itisworthnoticingthatthefirstequation(28a)infactholdsexactly,andthe

fourthequation(28d)holdsuptothehadroniccontributionsoforderC"(adsアS).

Otherequations(28bandc)holduptotheorder-a-accuracylevel.Bysolving

theaboveequations,optimalvaluesfortheschemelabelingparametersandforthe

perturbationcoefficientsaredeterminedasfollows;

MCl
n7b・(29a)

ln島 一 諾,(29b)

Kill=、 甑 礁,(29c)
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0し～乏∫=0,(29d)

and

B.vs-0,(30a)

β・一 器 醜 か1n名+、
+鉱8)+κ ・・(3・b)

Asaresultwegettheoptimizedstructurefunctionas

Fr一 燥 ÷+讐8(CκNS-
1+dNs)一 わδ,κ,,(3・)

wheretheoptimalcouplingconstantaisgivenasasolutiontotheequation

告+dn(・ 旱aca)-lblln誓

一lblln号 →NS
NS・(32)

37

D.Optimizationinthelarge-nlimit

Inordertoseehowtheoptimizationbasedonthetwo-scaleOPThasdealtwith

thelargesecondordercorrectionsforlarge-nmomentsthatmightbeofkinematical

origin,weherestudytheoptimizationinthelarge-nlimit`2'.

Bykeepingtheleadingtermsinthelarge-nlimitforquantitiesappearinginthe

optimizationequations・wegettheoptimalvalueofthefactorizationscaleM。nPr .≡

Most(Q)(inthissubsection,themoment-indexnisreproduced)as

M°ptI

ln‐^'一 一一一lnn,Q4 (33)

andtheoptimizedcouplingconstanta。npt≡a(M。 蟹、)as

N

略 一lbll
n(nopt/N<i)+'(llnt鵠))

1
～_-r___
へ 　

N

Iblln(Qη 一144〃) バ
Expressingtheoptimizedstructurefunction」F孟(opt)as

(34)

.Frn(opt)一 一争L+bn(。 ρ')(35)

α蔽

weget(withtheuseofEq.(31))

bn(oft)/α ・ 尋lnη+だ(・)・(36)

Theseresults(33)一(36)arecompletelythesameasthoseobtainedinthekinemati-

calanalyses12"15'Wherekinamaticallysingulartermsaln2nareresummedtoall

ordersofthestrongcouplingconstanta,andeventuallyabsorbedintotherescaled

effectivemass.ル 幼 ∫,withwhichtheeffectivecouplingconstantruns,naeff≡ …a(noff).

Theyshowthesamelarge-nbehaviorasEgs.(33)and(34).Asaresult,thestruc-

turefunctioncalculatedintermsoftherescaledcouplingconstantaffsatisfiesthe
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sameexpressionasEq.(35)withtheperturbationcoefficientb几(eガ)showingthe

samelarge-nbehaviorasEq.(36)12'.WithEqs.(34)and(35)wecanalsoshow,

byfollowingtheanalysisbyFrazerandRossi12',thatthestructurefunctioninthe

x-spacecanbeexpressedas

ム 　 　
Frz,,apt(x,Q2)二 とh(x)/a((1-x)142Q2/ノ1`)十h(x),(37)

バ 　
whereFl=h(x)/a(Q2/A2)isthelarge-xformoftheleadingorderresult.

IV.ConclusionsandDiscussion

Inthispaperweappliedthetwo-scaleformalismoftheoptimizedperturbation

theory(OPT)tothesecondorderQCDcalculationofthephotonstructurefunction.

Inordertoworkoutthecompleteoptimizationanalyticallywithoutanyassumptions,

weconsider,notthecompletephotonstructurefunction,butasimplifiedtwo-

componentmodelthatkeepstheessentialbehaviorofthecompletestructurefunction

andinfactbecomesexactinthelarge-nlimit.Theresultshowsthatthetwo-scale

formalismofOPTactuallyresolvescompletelythescheme-dependentambiguities

inherentinperturbativeQCDcalculation,thusgivinganuniqueQCDprediction.

ThisfactistobecomparedwiththeanalysisgiveninRef.7,whereonlytheRS-

dependenceistakenintoaccountandtheoptimizationcannotbeworkedoutfor

thephotonstructureunction.

Analysisoftheuniqueoptimalresultclarifiesananotherimportantobservation.

TheOPTbasedontheprincipleofminimalsensitivity(PMS)hassuccessfully

dealtwiththelargesecondordercorrectionsinthelarge-nmoment,whichmaybe

ofkinematicalorigin,preciselythesamewayasthekinematicalapproacheshave

done'`'"5'.Atpresentwehavenodefiniteideatounderstandwhysuch"equi-

valence"betweentheOPTandthekinematicalanalyseshasheld`3'.Onlywe

cansaynowisthattheOPTbasedonPMShascorrectlytakenintoaccount

thekinematicalboundaryeffects,andthattheoptimizedperturbationseriesshows

animprovedconvergencebehavior.Thisfactmayjustifythevalidityoftheop-

timizationbasedonPMS,givingitananotherphysicalinsight.Amoredetailed

analysisconcerninghowtheOPThasdealtwiththe(kinematically)singularterms

intheperturbationcoefficientshasbeengivenelsewhere18'.

Finallywetakenoticeofthefactthat,aswasshowninsectionIIIB,theop-

timalschemelieswithinaclassofschemeswherethetwo-loophadronicanomalous

dimensionγ 鳶vanishes.Thisfactaposteriorijustifiestheassumptionutilizedin

theOPTanalysisofthecompletephotonstructurefunctiongiveninRef.17,where

optimizationiscarriedoutbyrestrictingtheparameter-spacewiththeassumption

thattheoptimalschemesatisfiestheabovecondition.
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