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1. INTRODUCTION 

, . 

Over the last two decades it has become clear' that perturbation theory' can 

only give us very limited information about QCD. For example it is not sufficient. to 


describe that most basic of things, the mass spectrum. Although, we may hope one 


. day to gain from the lattice approach numerical confirmation that we, have the correct 

, . 

Lagrangian to describe ha.dronic physics, that. day 'is not at hand~ In the meantime 

it will be arg~ed here, the operator product exp~sion (OPE) offers us some useful 

non-perturbative information about the structure of QCD. 

The OPE has been extensively used in the QCD sum r~estechnique[SVZ76] to 

calculate just such fundamentals as the hadronic spectrum, coupling constants' and 

form factors. The Vacuum is here parameterised by a rather limited number of local, 

gauge- and Lorentz-invariant condensates,' such as < tp"p > and < G2 >, whose values' 

, 'are not directly calculated inside this formalism. For example, the value of the above 

quark condensate is known from PCAC and that of < G2 > was first obtained by fit

ting sum rules for charmonium. In general. the condensates have been approximately 
determined by fitting to some sum rules, which ideally should be highly sensitive to 

the value of the condensate in question. The uni1Jer.sal values of the condensates may 

then be employed in all other sum rules. -'It is noteworthy that although significant 

uncertainties as to the exact Values of the condensates remain[Na901, QCD sum rules 

have given us' very many predictions forhadronic quantities and this is perhaps the 

most successful non-perturbative method available. 

More recently -this app:roach has been ,extended to calculations at finite tem

perature and density[Ha91}., This extension is however, severely hampered by our 
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~OSl,co~plei~:,vi.~';;~fikno~l~dge" ~,:to,ih~,te1l1peratU!~ancJd~ftsity' dependence ot 

the condensaie.,:.w.mc;h'~ake~:.the'prediet1o:n~ ofsuch'S~ru1e~inh~rent1y less.reliable 


th~ thoaea*, ~~~~eratUre and dexWi1' In this context It i.~o ~orlhremark" 

ing that thereh~ve'been':~ttemJ)ts[MR861topararneterisethephysic~ vacuum in'a 


, more sophisticateclw~,."bY:8JJ.owin·g 'the condensates' a non-lo~ald.iBtribution, in space/ ' , 

, ,- ,', ".'" ,: ,~,:."', ':' '~, "', ':.: >. ". .' " -, . . '.. ' ' . " - '. .." ,'- . -,-'
Sum rules inclu~8~non-local vacuum expectll.tion valu.es ar~ also haildicapped . 

by the need:f()~:an~"atzto describe tbeir, distributio;n. ,', Re1iab~e measu~ements of 

,cOndensates~D'thelat'tic;eate unfortunately not yet available.' 
, ,- "'.: ';.,'." "'" " --'.. . .-"', " 

The,. sum rUles, are based ul>onth~; study of the two-Orithree-point'functions 
",", .. ' .' . 

of gauge-invariant, e#rents~ ,But th~ suceeS'$ of this • method makes "it natural to 
investlgatewllatthe' OrE can htelLu~-abou,t those morefund~ent,u'objects the 

superficially divergent'Qreens' functions(Hae901 .. Here I will'distuss the OPE of the 

quark propagator in80me det~ and'confine mys<Mto a briefet;tteatme~tof the other 

propagators and the fUlldamelltal vertices .. 
1 ". - ' t , 

Non-perturbative information on these functions would be of use, in manjways~ 
. , , 

The most obvious application would be to constrain the solutions of the Schwinger,.. 

Dyson equations inQCD[Hae~Ol. In the lattice formulation.pfQCD it often proves· 

necessary to fix'a ,~auge in. some algorithms' or to measure certain' oJ>eratc;>rs. Knowl

edge of tl1a.tpart of the full non-perturbB:tivestructureof~hetwo..point functions 

. which is provided by ~he OPE could be of us~ in~mproving) say, the Fourieracceler- , 

ation and multigrid algorithms[Ad89]. The information yielded; by the 'OPEshould 

also be taken int~ account by model'builders.' I shall returlliater to what the OPE 

tells us about these things. FinaIlya comparison of the work reported her~,with the 
I " _ . , ' 

field, strength approaCh to, QCD[Sch90] would also be or intere$t: there,' an interac

tion which seems tore~em~le a complicat~ four quarkintE;ra:ction at low' energies 
, . I 

and pertl1rbativegluoll exchange ~t ~highuiomentum transfer is ·,found. It 'would be . 
, ' 

useful to investigate, the &ppea.rance~fpower correction~ as found' in' the 0 PE ~n this' ' 

context. 

The functions to be. discussed here are ofc,ourseg~uge... dependent. This distin

guil$hes them immediately-ftom those' considered in QeD sum rules. The analog~e 
of gauge-invari-.nce here is provided by its relies:BRS-invariance ~d' the~lavnov

Tavlor identi~ies (STI's)t~atfollow[PT84)from:it. In covariant gauges these iden

tities imply that. all corrections to the free/gluon propagat?rm~stbetta.nsvetse to " 

the gluon'smomentumand ,give us various constraints on the vertices. It is of the 
e~sencethat. the STl's are obeyed if gauge..invariance is not to be broken. ' 

That' earlier work[La85] on, the'QPE oithe propagators did not fulfill the Sr.r:I'~ 

provided' much ,of the initial, motivation, for the w~rk reported "her~ii It has been 

assumed by, many workers. in this fie1d(incl~ding initially th~present, autho~) that 

condensates enter the OPE. of gauge':dependent functions in the same way"asthey 

enter the sum rules~ This, is actuallynot'the c~.Apart from where BRS~invariance 



give us constraints. similar to those' 'following from gauge-invariance in, sum rules, 

the OPE of gauge-dependent quantities will be ~een to differ greatly from that of 
I . " 

gauge-independent objects. 

The st~ctureof this talk is as fOllows. In Sect. ~ I discuss the choice of gauge 

that we must make. In particular I briefly discuss the status of non-covariant gauges 

and especially the Foa-Schwinger gauge. ,In the next 'section some problems with the 

naiveapplic~tion of the OPE to the QCDpropagators are demonstrated. In Sect. 4 

the OPE as it appears in QCDsum rules is considered in theex8JI1ple of the vector" 
meson two-point sum rule. 'The consequences of gauge-invariance and 'Vector current 

conservation are discussed. In Sect. 5 the PPE of the quark propagator is treated in' 

some detail. It is shown that. the condensates enter in a distinctly diff'erent fashion to 

how they appear inth~ sum rules. In Sect. 6 the OPE of the other QeD propagators 

is briefly doiscussed. It is shown that the STI for the gl,:!on propagator is fulfilled 

and it is stressed that the ghost propagator acquires. non-perturbative corrections. 

In Sect. 7 the OPE ofthe vertices ~8briefly reviewed. In the final section conclusions 

are drawn from these results. The aim of this article is to illUminate the physical 

" phenomena evident from·the OPE of the propagators. Calculational details can be 

found in the original p",pers and a compendium of results can be found in [L092b]. 

2. ON CHOOSING A GAUGE 

The vast majority of results reported. here are from calculations made in the 

general claes ?f Lorentz gauges. The gauge parameter, (, having the values 0 and 1 ' 

corresponding to the Landau and Feynman gauges respectively. There is I feel little 

need to sing the praises of this family of gauges, but it should perha.ps be explained 

why', the Fock-Schwinger (FS) gauge, z"A"(z) = 0 is not employed here, since the 

problems with this gauge are not widely known and it is after all a common choice 

in sum rule calculations. , This last ~s because this condition leads, to \the following 

simple connection hetweenthe vector potential and the field strength: 

(1) 

There are two main problems with the FS choice, perturbativeand non-perturb,;. 

a.tive. The perturbative problem is concerned with the existence. or otherwise of 

the free gluon propagatot, the non-perturbative with the equivalence, for physical 

qu~tities;of this gauge to, say, the Feynm~ gauge. 

The free sIuon propagator. here has been most recently considered by Mod

anese[Mo92J. He Was unable· to directly find a solu~ion which was symmetric and 

fulfilled the FS gauge choice. This was in accord with earlier results{KW86]. A dif

ferent, ,and ,at first sigh~ extremely elegant, approach[Mo92],employing the above 

relation between the potential ,and the field strength, yielded a prbpagator which 
" " ; " 
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divergesin.foUr~d¥e~.'ihilidenVJ.tiOnho\V~,i8fla\Ved~Y ~.. iJ)cOl"rect··h~- '. 

dliIlg oftUneoid~tf~hefe1aij6~m iBucm~localand.otheti~e ordering of the 

vector fie1ds.d~ ~l;t.~ect1ytra.JlS~t~.i1itoa time~rderiIlgo£thefie1dlltrlIDgths.. 
... In fact only·,o:qe:'~hin:"i:'i.tclear:·nocon.istentperturbative gluo~ propagator i~FS" . 
gauge is yet biown.Thislack, ~ean~that the. progrBlXl'pffindingthe OPE of aU the 

superficiallydiv«gept'(;jreens', functions cannot· be ca.Trie~<out in this g~~ge. 

Experiencein·axiN.·'gauges[CT87, LM92bl teafhesu~that ,regulating tlie gauge ' 

. necessarily inttodJlces"'othet,. terms suchas'longitudinal·.gluons, and·.'Faddeey ..Popov: 

ghosts. Although th.eseterms seem ~o,vanish &Stne regulator,f, is taken to zero, .' 

.~' poles ar~ geJ1eta..ted.by~thelo9P integrals'~d so such' tenn~haveing~~er81 filJite . 

contributionsheyoxtdtr~ level. Such terms must b~rf!ta.1n.edJopreserVe,;gau,ge- .' 
\. ' ' \ 

invariance. Tnu.sit is'not cle~ that there exists a wayo! obt8.ininganon-divergent 

.propagator in FS gauge which would also preserve the relation (1). there are' grounds' 
-' - " 

to believe that Jlon-perill;1'bative problexP.s With t}iis gauge also exist. This is becallse 

Gaus~' la~ismissing·here[LMg2a].This is also missing in the temporal and light-cone· 

gauges,andin the temporal gauge there are known cases where itis not necessary to 

introduce a' regulator &.rid' yet t~e wrong answer is obtained for what should be gauge 

invariant ·qua.ntities[t~81, LM92bJ.:, The lack····o! translatiop ·invariance that .follows. 

from the FSgauge'condition alSC;; implies th~t the solutiolls of the·SD..equations in 

this. gaugecollldbe rath~t complicated. 

It thUsseem.s clear that the'FSgauge should be used very cautiously and per~ 
".' " , 

haps not at all~yondttee level calculations. Since it is alsp not clear whether the~e . 

really exists an aXial gauge where ghosts and longitudinal gluon.s decouple[tM92b], 

we now return to the . Lorentz class of gauges. 

. . 

·3. NAIVE OPE OF THE PROPAGATORS 

..The first work. on the OPE of .thepropagators was by Politzer[Po76]. He cal- . 

,culated the coefficient of the condensate" < -{J¢ > in the quark propagator in Landau. 

gauge to ieadingorder ina~. This calculation was improved tipo~ anel generalised to 
the entire Lorentz class by PaScu&a.nd de Rafael[PR82], who obtained the seH-energy 

correction2 : 

. . ," 2 .. '. '. - . .' . ' . . 

E(. ) == (Ne -1)71"01. <m# '> (2e(2 -D) .i. (D1 _ 1.' t)~)·.· . .(2)P . 2N~p2 '. D p2 + '. + '-' m' 

These authors noticed the gauge dependence of the running mass' t~rJn in th~ seJf

energy (2) and dr~w theconclusionthat"trus Could not be identified with. any physic81 


m~s. 

2 Their calculation h~ here been further 8eneralise<ito ~bitrary dimension, D . 
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Recall here that in ~perturbati6n theory the pole mass isgauge~invariant .. This 

has ,been explicitly,demon'strated up to two loops [Ta81}. IthaS~een ,argued ina 
, , 

$ , series of p,"pers[EBS88lthatthis invariance perl~ists iQthe OPE, wh~n:one Q,S$umes, 

that the'massfromthe non-petturb~tive quark is just ,the polem.~~ a.t)d, not the 

'Lagrangian m~s. 'Then for example at the pole, ;,~ mpole ,it is clear that the gauge 

dependence seems to vanish in(2} inD = 4. Although this is forni~ytI'11e, it iflnot ~ 
. " ' 

cleat what justification there is' for assuming that the mass of the 8C'l:ftquark is the 
pole mass or whether the OPE'which; i& valid in the deep Euc:lidean region can be 

.' , . ">","j ., 

extended down tothe:value, mpole = 320MeV, obtained here. Furt'hermore, as will 

!>eargued below, other terms are being neglected here and it must be demonstrated 
that they ,also vanish. 

, ,The OP.E' of thegluon propagator must ~bey the relevant STI ~I1d ,t~s provides 

a useful check on such calculations. The, firstwork[La85] in this direction did not 

dQ this and later work[LS88] also found difficulties in fulfilling this requirement for 

gluonic and ghost condensates. A longitudinal p~t here violating ,the BTl. Similar 

difficUlties were la~er found for the three and four point gluonic vertices. It should also 

be noted that different results for the coefficients of < G2 > in the propagators have 

been given ~n the literature[Yn83, La85,LS88]~, Clearly something is fundamentally 

wrong here. 

Before these problems ' are explained, it is useful to recall how condensates enter 

QeD sum rules. ' 

4~ ,CONDENSATES ..AND QeD SUM RULES 

Here the two point vector sum rule ,will be considered. This is based on the 

gauge-invariant correlation function 

I,.,,(p) = JdDz exp(ipo z) < T(J,.(z)J,,(O» >, J,.(z) =~(zh,.,p(z) 0 (3) 

_Conservation of vector current implies that I",,, must be transve~8e to pl' . 

. Quark condensate corrections directly associated with < Tn:4i.,p::> are easily 

found and are seen not to be transverse! How~ver, one can also, calculate the con
,tribution of the condensate < {JiH > and one can rewrite this via the equation 

of motion as< m{J.,p > ~ <' g{J4.,p >. This then gives the standard result, which 

is transverse up to the usually neglected terms of order g~The coefficient of the 

< {Jg4.,p > can however, also be directly calculated[L092a]. This, then gives the fin~ 
result" up to leading order in the coupling: 

I,." = 2;2 (~g;,,(p)<~,p> _ (D;4g;,,(p) + P;;" 
" 

) <~(i,+g4-m),p>] 
, . ~'(4) 
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example andiB.eVetr'~·:fcibe ~ssedherethe~denlla~th'd'~iSlJ~BC;~f" ... , .'.!.:.::~{/.;.:"..•..,.,.,:,•.J 
aconsequenc:eo!one#~ QOD equatioJ1llofmotion.:Fo~·Con~ tre·hete ~ve . 'j 

, a1lt~ eqixatic>J1lI.•~~ion: . '. .' , ':1 
;1 

l 

~~ 

i
As a. con~equen~e6fthis in the~um'ru1eabove,on~' oJily~needs tonn«the.' 

,I 

coefficieD:t of<m;'~>and; say, < 1kifHJ >. The latter may then be rewritten' With 
, • ,<, 

the help of the,.equatioll. of motion arid terms of order 9 may ,be neglected inth'e 


certainty thai they will eanc·el. This is generallydone.Ofc()ur.e<~it;¢,> must be . 


included or vectorcurrenlconservation will be violated. The\uee;lect of sucht~rms 


explains why the' coefficient· of<. m1[J", >' in, the .gluon prop~ga.tor found in, [La851.did 


,not fulfill the STI. 

As forgluoniceondensates in the sqm rule considered here, the situation is .much . 


simpler. Recall that the gluon equation ofmotion incorporat~s ghost)ields with one 


extra factor o(g~ It is however, easily seen that ghosts first ente!.~bis sum rule at, order 


94,thus there is· noposSi:t>ility for such a recombination of,condensates. One merely 

finds the coefficient .qfanyp~ of < G2 >,.say the abelian part <':(8I'AII-8I1 AI')2 > 

and from' gau.ge..invarianceone. knows that trusmust be the coefticientof the full . 


gluon condensate, < G2 >.Of: co~rse at higher loops ghosts appe~ and ~then these. 


effects must be taken into .account. 


One may ,now uk oneself thati! all:these effects depend so m.uch upon'the 


gauge:"invarianee of thesuUl rules or the BRS-invariance of the longitudinaLPartO! 


thegluonpolarisation, what does this me,ut'for the OPE of thegauge-dependent;rest: 

.. " 

of the 'propagators? 

5. FULL OPE OF ~HE QUARK PROPAGATOR 

In this section the' 'coefficients' of all condensates with ',dimension less tha.n,or' 


equal to four tha~ enter 'the quark propagator,wiU be presented. 'Theyare'given to 

,'. ".' 

,6 



, l~a.dingotder in. the coupling, so t:here are for example no ,ghost co~d.ensate, contribu

tions.. Th~y areaIsO ·,pre$entedin leadiri,g order in 'the quark mass~,~, ,The' full·result 

for the effective self-energy is ~hen[PR82, RS86, L()92a,· L092bl 

, , 

2[(D2 - 5D+4 - N:(D -1) + (2 - N!)e); +(2 - D)(D .... l+e)m] <~g4t/J> 

(6) 
. ' , 

To most easily appr~ciate the significance oithis result, the reader should firs~ ignore 


the gluonic conden.~tes, to which we will return in a moment. fhecontribu.tionof 


fermionic condensates tp (6) should then be compared With that part given in (2). It 


~hen becomes cleaT that the condensates do not combine here to yiel4 g~uge invariant· 


~m.binationsJandthose that vanish according to equations of motions. This is totally 


, unlike the situation for the QeD sum rule considered in Sect. 4 aJ,ldili a consequence of 


the gauge-dependence of the propagator. Clearly this behaviour should be expected 


to extend to all ot,her gauge.;.dependent Greens' functions. 

The condensates refu~a1to arrange themselves into <mi/"nP >, me~s that we 

cannot give accurately quantify' these non-perlurbative effects. Although resumming . 

these term.s may yield an effective propagator which appears to feature a running 

mass, we cannot give. th~ 'mass'an accurate value. It is indeed gauge-dependent, 

.and this dependence manifests itself not just through gauge-dependent coefficients, 

but also through gauge-dependent. C9ndensates. , Note that it is incorrect to assume 

that gauge ...dependent condensates have zero, exp~ctation values: this would then, 

for example,. imply from the quark equation of lXlotionth,.,t, < mijJ.,p > vanished. 

What does tooteD us about the pole mass? At first sight it is hard to see 

,how a gauge-invariant pole mass could appear from (6). Ho~ever, if there really isa 

'gauge-independent pole, then this constrains the propagator only for one valueo! the 

, momentum, P =PPole = m. This. is far weaker than the equivalent constraints for all 

8 Note that ,the extra terms cannot be put into a gluonicequation of motion since ghost fields 
enter that equation of motion and there are ,no ghost fields in the quark propagator' in this order of 

2 ' 
9 • 
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.·dim8nsi~.t~~t~;ri~e~.9J)'~P..V,'>;i'~aiiQerewrittenwith'the1td~of t~.e. •. ..'," ..'.. 
Illlark eq11at.iO~~m.<!tion.<~~~~;> 'TO(g);.uih~~ese ~~~elll&J1:sare·of.· ,... 
:difti:rent~~ri:i*'¢ouldbeth.ithis;8UI11rnatiOfitO &li~~sUi·'he ma.,leadsto 
".gauge"inv8rialJfpP}~;j'l'piS80rt oftesummatiOIl h11$ beenp!'J)fopli~bot1t fo~ Sl~nl' 

~ ~ules' and for propagators in the past[Yn89, JM92).ForQCP 'swnYrtl1es 'thi~:Jtlay,'be'-' 
a . useful teclmiqu~,bu.fforthe.prop.gatQ~,per'··se;- it.,is.of dubious value. :The'extra 


tennsareo~y' ,supvficl-.uy of high~ror,q;; in t~e coupling, <~and,~though.they·wui'

" ~'." . "" 

'conspire,to~i~'illa s~D1tule,t~ere isnol'eason to expect' th;i$.tobe the,case inth~ 
. OPE of,say,the:C:q:o:atk;propa.gator~'Hellce;gen,era1lyspeaking;'foJ:g&uge-depehdent' 
Gteens 'functiOBstlie' ~riIy 'consistent exPNl$iori'is one in th~qliark maSs.' ' 

. . . " ~ . . '. '. '. .' ,. -''. 

TheOn1Ypo!!sible~ception,isat the pole mus. ShlCe,as' ~l1ssedinSed.3; 


the validity, 'oftb.e,OP~ is\~pentoquestiQn a(~uch low momenta, this gauge invariance 


or laCk, of it ~ay' be only forntal. It i~' nevertheless of interest. Jt.shouldperhaps be 

;: " '. "; . . " --, " j-. 

noted. that a propagator'pole ·does not immediately imply' quark' deconfinement;one 
. . ' ..... ,:.{" " .', ' '.... '. . ... '. ...... . . . ... ' 

cariconsttuct models Sllch that quarks in a 'h~ron never 'reach their pole1LWG87J. 

,Now consid~t·th~~.ole played by the purelygluonic condensa.tesjn (6).One' ' 

'notices here gallge~dep,~dent condensate combinationsjust·as in·thetermi6nicsector. ' 

_'Aclo~ereXamin8;~ion·~so reveals the appearance of the dimension two condens.ate4 , 

'< A2>;and conde~sat~.whith involve'anticommntators otthe GeU·Ma.nn matrieeEJ! 

Clearly none·at -these can combine tQ yield' '< G2 ' >. or v&;1Il.shVia:, the .eq~atioris, , 
> • - '... \ • 

of motion. Thi~furth:erexplainsthe ~cutiesmenti9ned~t the end . of Sect. 3: 

assuming that tb,ecOeffiCientsofdifi'erent operators,tobe'tlie"coeflicient:of < 0 2 > 
, -, - . ,- . 

yields vario~s contradictory(and incorrect) results. Ther,is . also no indlcationfrom: 


the~e results t~tgluoIdccondensateefi'ectslead to a~y g~uge invariant quark pol~

mass .. Jt . should-also' besttessed tp.at the summing of gluonic cQndensate' effects ·to all 

orders in the quarkm~8s in the propagator can ,have no direct physical consequences. 


, , . 

6. FULL OPE OF THE GLUON AND GHOST PRO~AGATQRS 
I \ 

The results reported above for the quark propagator clUry through, ~o the othe~ , 
, • '. . T' '

.propagators in QeD ~. The gilion polarisation will therefore not. be given: her~in fullde.:.~ . 

tail[L092b]. However, the longitudinal 'part, which is' con.strained byB,RSinvariance' 

to fulfill \th~Srl, is a special case: The OPE of this is: 

_ 4 Explicit calculation rey~als that' the coefficient ,o{-< A:I i> /in th, sum·rule, considered in Sect. 3 
is aero. From gause inv.ria:qeethi~ must generally: be ~heeaSeforQCDsl1m ru~es. ' 

8' :,r 
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(7) 

One sees that the OPE eorrections indeed vanish via the equatiqnsofmotion.Thus 

the STI is preserved. The' mechanism here is just that which. we saw responsible for 

the eonse~vation' of vector current. It is also worth noting that the ghost condensates 

here Will naively be. of the .sam~ order of·magnitude as the gluonicones, since they 

enter the giuon equation . o~ motion. 

The ghost self.;.energy also receives OPE corrections. 

n( 2) 41rNca.'. '. ,{. ( D' 1 t(3D ' .») CI ' 2 A'GAG 
p -:- (N: -l)Dr .' 1- + 2~ . - 5 <c 

':G 

Dc > +p < p. p. > . 

2 - D ' (Jl ACI Jl ACI)2 1 ./ClbcJl ACI Ab AC+ 2(D+2) < Up. "-.U,,, p.' > -2 <9, Up.", II. ",> + 

(8) 

I feel it importan~' to stress that there is no reason to suggest, as is sometimesd0l:le, 

that non-perturbativ~ corrections t~ ghosts may somehow be ignored. In covariant 

gauges at least, ghosts should not be vie'Yed as second class citizens. 

7. FULL OPE OF THE QCD VERTICES 

" The OPE of the vertiees[L091, AEM91, St92, Ah92] is at a less developed stage 

thlLll th~t of the prqpagators. However, one moral seems to be clear: . every Lorentz 

structure~hatisallowed to appear does. This may also be seen from an(incomple~e) 

investigation 'of the OPE in axial gauges. Here the quark condensate contribution to 

,thegluon polarisation was found to belLS90] 

·9 



Note.';howeverJ~.tha~~lie equatiOilQfmotiob.has bee;n'impli~tly'u~edB!ndthat.the', 
<ikg:IJ.t/J > tehns h~v~~:norbeetl caiculated.Hence thetrans~separlis'presumably 
ttlorec~mplext~fJ,tJ.:it: ,here. appears. Howev~r, ,the"point to no~els·that·pothof the 

. tensor structut~~ra.n~v~8e 'to'",,,appe~.·For,the'vertic~ "'the~~me phenomenol}; is' 
. " . '-,. . -, . " .'.",' 

evieJent, butin~,'more'~co~plicated foI'Ul' ,', 

, ' 

. '. . -, 

8. WHA'f.HAV~-W]!l LEARNED? 

Thefitstconclusion!imustbe~hat,t,he condens~tes tkt'en,ter the 0 PE 'Q(tlte 
'. :." ' - ,'- ' ..... 

" propagators' andvertic~ do so in gauge-dependent combinations~Tllaf tbis has not 

been previously recOgni$edh~'beena source of confue.ion anCl'.error'in thepaSt~ 
, , ,,, 

The use 'of the equations of motion in the OPE is oltennote1plidt. Jt is ,to 

be hoped that'tbe~eresults, show the importanc~';of theequations:.of mpti9ni Clearly·:, 

without 'them,theS1'ImSec::t.6 would nothave'beenfulfilled. 
I 

For peoplewo:dringonthe solutions of the SD equations,iliese results~ave a 

simpletrioral:one, snoulcll,lse genetalansi.tze and not assume that a "~calar, f'qllction,. 

times th~ perlurbative p~opagatoror vertex' suffices. Additi9n~y th~re is no reason 

to negleCt 'non..;perturbative effects in gho,st.Greep.s'ftinctions.or f~r' th~t m8.~ter :to 

neglect ghost'~ndensates. 

I w~uldlike to conclude with a brlefdiscussion of.'anapplieat~~n of.these" results. 

The lattice technique ofFouri~ accd.erationintroduced by ~heC~I'IlellgrOUi>rBa85] 
to ~ht, critic8.ls1owing ~own in lattice siInulatioJls ofQCD requires sdm¢ knowledge 

of the form of the tWQ-point fU'Dctions of ,the ~heory.. Inpractice this hasme~t the~se, 

of a free propag~tor,withaP.umerica1lY opti~sed mass. That this has 'not worked 

well lor, QeD, ispresUmablya'consequence ofihis notb~ng agooq. description of 

a confined propagatQr~ TheOPE~eSt.tltsoffer 'an, alterna~ive ansatz. The,numerical 

,uricertainty J surrQunding:the·gauge-dependent condensates '" in the propagators may , 

be hoped to be,there of minor significance. 
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