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Currentalgebrasumrule,whichrelatestheintergraloftheinclusivecrosssectionofpions

tothetotalcrosssection,isderived.Itisshownthatthissumrulepresentsanewtypeof

finiteenergysumruleinordertocalculatethepomeroncomponent.

Withthehypothesesofthecurrentalgebra(CA)andthepartiallyconservedaxial-vector

current(PCAC),evehavesucceededtoderivemanybeautifulsumrules,andtoextractout

fruitfulideas.1>!-almostalloftheexistingsumrulesare,however,obtainedbysandwich-

ingthecurrent-commutatorwithstableone-particlestates,andhavetheformrelating

theintegralofthetotalcrosssectiontosomeconstant.notertypeosumruesstarting

fromthecurrent-anticommutatorcanalsobeobtained.2)Thederivationofthesesum

rulesreliesontheDeser-Gilbert-Sudarshanrepresentation3)ofastableone-particle

matrixelement.Namelysuchsumruleshavebeenderivedbysandwichingthecurrent-

anticommutatoragainwithstableone-particlestates,thushavethesamestructureas

theabove-mentionedCAsumrules.

Duringthe1970'ssemi-inclusivereactionsinitiatedwithbothhadron-hadronand

lepton-hadronarewidelymeasured,andmuchhasbeenstudiedbyusingtheinclusivesum

rulesandvariousdynamicalmodels.4)However,fewattemptstousethehypothesesof

CAandPCACtothesereactionsarethere.5>Somepioneeringworksinordertoderive

sumrulesforthesemi-inclusivecrosssectionsbysandwichingthecurrent-commutator

withtwo-particlescatteringstateshavebeendone,s>butmeaningfulsumrulecouldnot

beobtained.

Thepurposeofthepresentpaperistoshowthat,despiteofthenegativeresultuntil

now,wecaninfactgettheCAsumrulesforthesemi-inclusivecrosssections.Withthe

useofamethodslightlydifferentfromtheoneincalculatingtheone-particlematrix

elements,wegivesimplederivationoftheCAsumrulesforinclusivepionproduction,and

alsostudyitsindications.

Weassumethefollowing

i)Thelight-likecharges
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Q=jdx-dZx⊥ ダ+(≡Jd3x一 ダ+(x))(1)

satisfythealgebra

ハし ム ム

〔¢,Q5〕=ZQs,(2)
ム バ バ

whereQ竪 ≡≡(Ql±iQ52)/ゾ コ ー.

ii)Divergenceofanaxial-vectorcurrentisproportionaltothepionfield

∂μ57一蓑μ(x)=oφ σ(x),C=1/-2「 ルらvルf舞9/1/9r(0)・(3)

Wealsousethe丘nalstatedensityoperator7)

ρ=Tlρ1ρ20粥 〉<ρ1,ρ2,0u`IT+(4)

withthetraceproperty

Tr{ρ}≡ …Σ 〈 πo邸∫ITIρ1ρ20ロ`〉<ρ1,ρ2,0u`IT+lpout>

n
=2一 レ/∠1(s)σ,

。、(s)(2π)4δ4(ρ1十 ρ2-1》1,一 ρ2,),(5)

whereTisthescatteringmatrixdefinedasS=1十iT,and412(s)istheusualflux

actor,i.e.,

∠(s)・=〔s-(〃z1十 〃z2)2〕 〔s-(〃z1-〃22)2〕.(6)

Nowconsidertheoperator

バ ム ム
2(♪3ρ=〔Q5,Q5〕 ρ(7)

andtakethetraceofbothsides

ム

2Σ<nou`IQ3Tlρ1ρ20蹉8>〈 ρ1,1)2,0u`1T+i〃o粥 〉

バ バ
=Σ 〈%o"'1¢TI1)11)2鰯 〉 〈1)1,1)2,0u`IT+Q馴 π剛 〉 一(+← ・一) .(8)

IncontrasttotheordinaryderivationoftheCAsumrules,wenowmustconsiderthe

matrixelementsofthecommutator,Eq.(2),betweentwo-particlescatteringstates,i.e.,

Eq.(8),andthisbringsinsomecomplications.6)Theproblemsarei)theprescriptionhow

toextractoutthecompletelyconnectedcontributionsinbothsidesofEq.(8),andii)the

estimationofthecontributionfromthethree-particleprocess.Thefirstproblemis

rathereasilysolvedfortheR.H.S.ofEq.(8),butshouldbecarefullyexaminedforthe

L.H.S..Thesecondproblemisovercomedwiththeassumptionthatthecompletely

connectedpartofthethree-particleprocessshouldexibitordinaryReggebehavior.

1)CalculationoftheR.H.S.ofEq.(8)

Carefullyextractingoutthecompletelyconnectedpartsfromthematrixelementsバ
<poutIQ5TIYlY2・ut>,wehave(byusingEq.(3)),

バ バ

Σ 〈nou`1Q三1ρ1ρ2`π 〉 。<ρ1,ρ2,inlQ51nou`>r(+← ・一)

一 端 郵
2罎 一〈 ρ・・ρ2例 ∫43κ 一ブπ+(小ou・ 〉 ・

×<π ㎝'1∫43κ 一ブπ一(x)1YIY2in>・ 一(+一 一)

一(2π)3δ 隼(P・-P!)2P!+CZP.
?CM4:n+吻 一

×_1/Mn
_S/z〈 ρ・・ρ2例 ブπ+(・)lnou・ 〉 。〈poutlブ π《 ・)1ρ1ρ2・ ・〉 、(2π)4δ4(恥 一P・)

一(十 ←〉一)(9)

fortheR.H.S.ofEq.(8),whereδ 卑(p)≡ δ(ρ+)δ2(ρ ⊥),q=(q+=0,g_,q⊥=0),1)i=
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ρ1十 ρ2and.P!=ρ1,十 ρ2,.Becauseweextractoutonlycompletelyconnectedparts,Eq.

(9)bccomcs,aftcrscttingA=ρ!Cz=1,2),

(2π)3珊22PLf--2rc1V14
n[面(sy∫;∵ 一暫4211L431τ}9⊥ 一。

一(2π)3δ葺(・)2P遜 一1ゾ」(8)∫;;::1∴幽 ア{4暮IL-4副
q⊥一。

where4σc/吻denotestheinvariantcrosssectiondetectingaparticleo,

(2π)3280.VariablesappearinginEq.(10)arethefollowing:

レ=q・P、=(s-"2)/2,WZ=M2n,

レ_=砿 γ!S,W_=S-・M。 」7m、,sジS+砿 ・

anddq‐d3q/

(11)

II)Calculatio血oftheL,.H.S.ofEq.(8)

バ

2Σ 〈 〃 ・`IQ3TIρ1ρ20部 〉 〈 ρ1,ρ2,0叫 丁+iηo昌`〉ム
=2i<Y、'ρ2'・utl(T+-T)Q31ρ1ρ2・ut>.(12) N

UsingtheFouriertransformofthelocalcurrentyl(x),y§(の,wecancalculatethe

matrixelementsinEq.(12)bytheuseofthelowenergytheoremofLow8>>6>.

Forthesakeofsimplicityweconsiderthecaseofunpolarizedproton-protonstates.

Generalizationiseasyandgivesthesameresult(Eq.(18),below).Then,wehavethe

following;

N

〈 ρ、,ρ2'outlVま(q)1ρ1ρ2`π 〉

一(2π)3δ 卑(P、-P、 ・)〔12(Y・+p2+ρ1・+ρ2・)+F・+12(ρ ・一 ρ2+ρ1Lρ2・)+F2+… 〕・

(13)

wheretherestpartsin[......]vanishesinthelimitofforwardscattering,and

F・一吉・P3一 叢+捗9一 歯)A

+12・P3(4一多lll一辮 一謡 一轟;:1)aAav・(・4)

〃
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ー
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Fig.1Semi-connecteddiagrams.
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ノ4isthescatteringamplitudeforρ ρ→ ρρandIp3isthethirdcomponentoftheproton

isospin.Noticethattheexpression(14)containsthecontributionsfromthesemi-connec-

teddiagrams(see,Fig.1).Ifwesubtractoutthesecontributionsfollowingthepre-

scriptiongivenintheAppendixofRef.6,theremainingcontributionscorrespondingto

thecompletelyconnectedparts‐whicharetheoozeweareactuallyconsidering--become

(bysettingYi==1》!),

ム 　り

2i〈1)11)20昌`i(T+-T)(23i1)11)20昌`〉=1irr12i<1)11》20uti(7「 一トーT)1レ7ま 一((7)】1)1」ウ20雌`>

9→0

-(2π)3δ 卑(・)2P才4・a3as(lmA)(・5)

whereI3isthethirdcomponentoftheisospinoftheinitialstate,and

Irn/1=1/∠1(S)σ 、。、(s).(16)

Nowwetakethelimits→ ・○.Rememberingthefactthatthepionsbeingconsidered

arethelight-lifeones,i.e.,q2=0,q+=Oandq1=0,thethree-particlescatteringamp-

litudemaybereplacedwiththeoneinwhichpionsareneartheirthreshold,namelythe

oneinwhichpionsaretreatedbytheexternallineinsertions.Thenthecontribution

fromthethree-particleprocessestoEq.(10)canbeestimated,byusingtheassumptionthat

thethree-particleamplitudeshowstheordinaryReggebehavior,as

凱 、。諜)22(W2-s「 γ)一 毒ln響 認 α(・7)/

Withthisestimation,atsufficienthighenergiesvvehavethefollowingsumrule

2・3-d
s(γ ヨ(S)σ 、of(S))

(18-a)一離 畿 ∫
卯 、ゐ綴 逗1響{dqdq「}q⊥_o

一ユ『rcMNgA
g2Co)一 一∫臨 μdxSx-/1+4M?x2S{42σ π十42σ π一dxdg12dxdgla}

=16餅 一1dxd26"
oxdxdq壬2-一 諜 振 ガ}q⊥2-。

ToobtainEq.(18-b,c),

cross-sections.Aswasnotedearlier,thissumruleisin

Inaddition,ithasaforrricloselyconnectedto

Herewebrieflycommentontheimplicationsofthissumrule.

thePCAC,theresultingsumrulemaynotreproducethe

areclearlyseenintheexperimentsπ ±ρ→ π±X.4)Thereforewe

leadingparticlecomponent(NLPC)ofthedetectedpions

Secondly,iftheNLPCreallyscalesatsuf丘cientlyhighenergiesth

(18-b)q⊥a=0

(18-c)

weassumethescalingbehavioroftheinclusivepionproduction

dependentoftheinitialstates.

theAdler-Weisbergersumrule.

Firstly,becauseweuse

leadingparticleeffectswhich

expectthatthenon-

shouldsatisfythissumrule.

ebehaviorofthetotal

crosssectioninsuchenergyregionsisgovernedbythesmallκbehaviorofd2Q(π+一 ズ)/

dxdq2nearqi2=Oasfollows

磯{∵ γfor4篇 塩 ・鵡{(Inlx)r-+-1x'a(α≧0)

Thecasewherethescalingviolationexistsisnotconsideredherebecausetheexperimental

situationwhethertherereallyexiststhescalingviolationinthisloTLPCornotisstill

confusing,andalsobecause,evenifthereexistsmallscale-violatingphenomena,their
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effectsmadnotbesignificantintheaboveestimations.

Finallywemakenoticethefollowingfact.Thesumrule,Eq.(18),maybeconsidered

asatypeoffiniteenergysumrule(FESR),relatingtheintegralofthe``non-pomeron"

componentsofthethree-particletothree-particleamplitudefromthethresholdtosome

sufficientlyhighenergies,tothe"pomeron"componentoftwo-particleamplitudeatthat

energies(withtheneglectionoftermsoforder1/γ/S).Itseemstobeaninteresting

questiontobestudiedwhatemergesfromthisnewFESR.Morecompleteanalysis

ofthissumruleanditsimplications,andthelocalcurrentversionofitwillbegiven

elsewhere.
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