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' NON-PERTURBATIVE PROPAGATORS IN QCD

MARTIN LAVELLE!

Institut fiir Physik
Johannes Gutenberg-Universitit
Staudingerweg 7, Postfach 3980
W-6500 Mainz, F.R. Germany

1. INTRODUCTION

Over the last two decades it ha’,s;be'come clear that perturbation theory can
“only give us very limited infofmation 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 descﬁbe hedronic physics, that day is not at hand. In the meantime
it will be argued here, the operator product expansion (OPE) offers us some useful
non-perturbative information about the structure of QCD | |
The OPE has been extensively used in the QCD sum rules techmque[SVZ?ﬁ] to
ca.lcula.te 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 < Y > and < G2 >, whose va.luesy
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-
‘txng sum rules for charmomum In general the condensates have been approxlmately
determined by ﬁttmg to some sum rules, which ideally should be highly sensitive to
the value of the condensate in question. The universal 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[Na90], QCD sum rules
_have given us very many pred:ctlons for hadronic quantities and this is perhaps the
‘most successful non-perturbative method available. . ‘
* More recently this approach has been extended to calculations at finite tem-
perature and density[Ha91]. This extension is however, severely harﬁpered by our

1 e-mail: lavelle@vipmsa. physik.uni-mainz.de


http:lavell~Gvipmlla.physik.uni-mainz.de

BEIE. fcondensates on the lattr‘

o knowledge as to the temperature and densxty dependence of :
" the condensates _whxch makes the predlctxons of such sum ruIes mherently less rehable’ o
: than those at zero temperature and densxty In this. context it is. also worth remark{

‘ing that there have been attempts[MRSG] to parametense the physlcal vacuum in’ a “

. more sophzstrcated way by a.llowmg the condensates a non-loca.l dxstnbutxon in spa,ce |

_Sum rules mdudmg such non—local vacuum expectation values are also hand:capped Lo N

- by the need for an matz to describe their dlstnbutlon Rehable measurements of P S

'a.re unfortunately not yet ava.llable

, The sum rules are ‘based upon the study of the two- or three—pomt functlons” i
of gauge—mvanant currents But the success of this. method makes it natura.l to

"fj;lnvestlgate what the OPE can tell. us. about those more fundamental objects thef Lo
P c:superﬁcxally drvergent Greens functlonsfHaeQO] Here I will d.lscuss the OPE of the

quark propagator in some detail and conﬁne myself to a bnefer treatment ef the other o = ST

| ,propagators and the fundamenta.l vertrces

Non—perturbatwe mformatlon on these functrons would be of use in ma.ny ways :
_ The most obvrous apphca.tlon would be to constrain the solutrons of the Schwmger-‘ )

’l Dyson equa.tlons 1n QCD[HaeQO] In the lattice formulatlon of QCD it often proves- L .
necessary to fix a ga.uge in some algonthms or to measure certam operators Knowl.. SRR

- edge of that part of the full non-perturbatlve structure of the two-pomt functxons g

‘which is provrded by the OPE could be of use in improving, say, the Founer acceler- . -
ation and multigrid a.lgonthms[AdSQ] The information yielded by the OPE should T
also be taken mto account by model ‘builders. I sha]l return later to what the OPE |

 tells us about these thmgs Finally a companson of the work reported here with the -

field. strength approach to. QCD[SchQO] would also be of mterest ‘there an mterac- | |

* tion which seems to resemble a complicated four quark. mteractlon at low energies

- and perturbat:ve gluon exchange at high ‘momentum transfer 1s found. It'would bet? =

useful to mvestxgate the a-I’Pea.ra.nce of power correct:ons as found in the OPE in th:sr.' ) SR

‘ context

The functlons to be dlscussed here are of course gauge~dependent This distin-

» gmehes them unmed.la.tely from those’ consldered in QCD sum rules. The analogne ,

“of gauge-invariance here is provxded by its rehcs BRS~1nvana.nce and the Sla.vnov-« ;.
‘Tavlor 1dent1t1es (STI’s) that follow[PT84] from'it. In cova.nant gauges these 1den- S -
tities unply that all corrections to the iree gluon propagator must be transverse to - or L

the gluon’s momentum a.nd give us various constramts on the vertlces It is of the Ris ) \

| ‘essence that the STI’s are obeyed if gauge«-mvanance 1s not to be broken -

That earher work[LaBS] on the OPE of the propagators did not fulﬁll the STI’ l

provxded much of the 1mtxa.l mot:vatlon for. the. work reported here It has been

‘ : assumed by ma.ny workers in thm ﬁeld (1nclud1ng initially the present author) that :
condensates enter the OPE of gauge-dependent functions in the same way as they -

 enter the sum rules. Thrs is actually not the case. Apa.rt from where BRS-mvarla,nce- N



give us constra.mts similar to those followmg from gauge—mvanance in sum rules,
- the OPE of gauge—dependent quantltles w111 be seen to differ greatly from that of

L gauge-mdependent obJects

"The structure of tlns talk is as follows In Sect. 21 dxscuss the choice. of gauge '
_ that we must make. In pa.rtlcula.r I briefly discuss the status of non-c¢ovariant gauges

and especlally the Fock-Schwmger gauge. In the next section some problems with the

" naive. apphcatxon of the OPE to the QCD propagators are demonstrated In Sect. 4
the OPE as it appears in QCD sum rules is considered in the example of the vector

' meson two-pomt sum rule. The consequences of gauge-invariance and vector current

conservation are discussed. In Sect. 5 the OPE of the quark propagator is treated in’
some detail. It is shown that the condensates enter in a distinctly different fashion to
how they appear in the sum rules. In Sect. 6 the OPE of the other QCD propaga.tors :
s bneﬂy discussed. It is shown that the STI for the gluon propagator is fulfilled
and it is stressed that the ghost propagator acquires non-perturbative corrections.
In Sect. 7 the OPE of the vertices is briefly reviewed. In the final section conclusions
-are drawn from these results. ‘The aim of this article is to illuminate the physical

s »phenomena evident: £tom the OPE of the propagators Calcula.tronal details can be

found in the ong;nal papers end a cornpendmm of results can be found in [L092b]
2. ON ;CHOOSING A GAUGE

The vast me_]onty of resulta reported here are from calculations made in the
- general class of Lorentz gauges The gauge parameter, ¢, having the values 0 and 1 -

. correspondmg 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 perhaps be explamed

| »whylthe Fock-Schwmger, (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 e eorrrmori choice

~ in sum rule calculations. This last is because this condition leads to 'the following

‘simple conrxe_ction' between the vector potentia.l and the field strength:

A;(;)'= /o daa:c”F“ (az) - )

There are two main problems with the FS choice, perturbative and non-perturb-
ative. The perturbative problem is concerned with the existence or otherwise of
the free gluon propagator, the non-perturbatlve with the eqmvalence, for physical
qua.ntrtxes of this gauge to, say, the Feynman gauge

The free gluon propa.ga.tor here has been most recently consrdered by Mod-
~anese[Mo92]. He was unable to duectly find a solutmn which was symmetric and

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

ferent and at first sight extremely elegant, approach[MoQ.‘Z employing the above
relation between the potential and the field strength, yielded a propaga.tor which
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. dling of time or
‘, C}‘}vector fields does no
. In fact only one tlu'

sions. Tlns d_ 'va.hon hOWever, is' ﬂawed by a.n mcorrect han-i

*,he relat;on \(i)fxs non-local and 80 the time ordermg of the R
di rectly translate mto a txme ordenng of the ﬁeld strengths . i
clear ‘no consxstent perturbatwe gluon propagator in FS

~ gauge is yet knowﬁ.Th;s lack means that the program of ﬁndmg the OPE of all thej g s T
= “superﬁcla]ly d:vergent Greens functions cannot be carned out in this gauge. o

Expenencc in mal gauges[CTS? LM92b] teaches us that regula.tmg the gaugei » o

necessanly mtmduces other terms such as- longltudmal gluons and Faddeev»Popov?i

g | ghosts Althongh these terms seem to vamsh as the regulator, €, is taken to zero, |
1 poles are generated by the loop mtegrals and 5O such terma ha.ve in general finite - e

contnbutxons beyond tree Tevel. Such terms must be retamed to pteserve gauge- el

i mva.nance Thus 1t is not clea.r that there exxsts a ‘way of obtmmng a non-dxvergent

- LPropagator n FS Eauge which would also preserve the relation (1) There are grounds e

" to believe that non-perturbatwe problems with thls gauge also enst T}us is because S
~ Gauss’lawis ms,ssmg here[LM92a] This is a.lso missing in the temporal and light-cone .~

Vga.uges and in the temporal gauge there are known cases where it is not necessary to
3 mtroduce a regulator and yet the wrong answer is obtained for what should be gauge .
invariant quantxtles[La.S’? LM92b] -The lack of translatmn invariance that follows. : "

from the FS gauge condmon also lmplles that the solut:ons of the - SD—equatlons mf R

this gauge could be rather comphcated

It thus seems clear that the FS gauge should be used very cautlously and per- :: S
‘haps not at all beyond tree level calculations. Since it is also not clear ‘whether there e

'lreally ensts an axial gauge where ghosts and longltudmal glnons decouple[LM92bI,ﬁ S

we now return to the Lorentz cla,ss of ga.uges

3. NAIVE OPE OF THE PROPAGATORS )

~ The ﬁrst work on the OPE of the propagators was by Pohtzer[Po76] He cal- - o
 culated the coeiﬁclent of the condensate < 1ﬁ1lf > in the qua.rk propa.gator in Landau o

- gauge to Iea.dmg order in a,. Tlus calculatlon was nnproved upon and generalised to

the entire Lorentz class by Pa.scual and de Rafa.el[PR82} who obtained the self-energy‘ ; .

: cortectlon o

2( )__ (N2 l)m. <m¢’1’bi> (25(2 D) ,5 +(D 1+E) ) S . (2) f

2N D

These authors notlced the ga.uge dependenee of the runmng mass term in the self-‘ .
energy (2) and drew the conclusion that this could not be 1dent1ﬁed w:th any physmal SR

mass.

vooss

z ‘I'heir 'calcdatioﬁ hes herebeen Vfu,rthe!"’ gex;eraﬁsed‘ tof@:biti‘a.ry'di;ﬁehsion, D ;
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o Receﬂ‘ here that :in;perfux_'batiOnftA}Aleoryvtlhe pole mnss is gauge-invariant. Tins L
~has been explicitly deinon"strated up to two loops[Ta81]. It hes been ‘ergued ina

- series of papers[ESSSS] that this invariance persists in the OPE when one ‘assumes -

 that the mass from the non-perturbahve quark is Just the pole mass and not the
'Legrangxan mass. Then for example at the pole, ;5 A mpoe, it is clear that the gauge

o \dependence seema to vanish in (2) in D = 4. Although this is formally true, it is not S

"~ clear what Justlﬁcetlon there is for assummg that the mass of the soft quark is the

pole mass or whether the OPE which is valid in the deep Euclidean reglon can bev
: extended down to the value, Mpole = 320MeV obtained here. Furthermore, as will
be a.rgued below, other terms are being neglected here and it must- be demonstra.ted‘
~ that they also vanish.

- ‘The OPE of the gluon propagator must obey the relevant STI and tlus provzdes -

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

" do this and later work[LS88] also found difficulties in fulfilling thxs requirement for

* gluonic and ghost condensates. A longitudinal part here violating the STI. Similar

difficulties were la.ter found for the three and four point gluonic vertices. It should also

- be noted that different results for the coefficients of < G? > in the propa,ga,tors have

been given ; in the hterature[Yn83 La85, LSSS] Clearly somethmg is funda.menta.lly
wrong here. - ' |

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

QCD sum rules :
4. CONDENSATES AND QCD SUM RULES

Here the two point vector sum rule will be considered. Thls is based on the
gauge*mvanant correla.tlon functlon

L= [P exlipa) <TULDLO) >, Tu(e) =FHm(e). (3

Conservation of vector current implies that I, must be tra.nsverse to jw"

‘Quark condensate corrections directly assocmted with < mp > are easily -
found and are seen not to be transverse! However, one can also ca.lculate the con-
_tribution of the condensate < Yidy > and one can rewrite this via the equation
of motion as < myy >-< g¥ 4y >. This then gives the standard result, which
is transverse up to the usually neglected terms of order g. The 'coefﬁcient of the
< ¢g4¢' > can however, also be directly calculated[LO92a). This then gwes the final -
result up to leadmg order in the coupling:

‘2;5 4 o D- | Py |
Ip:=;2?—'—[f,-g:-,<p>q<w¢>—( g,w()+’p’;’)<¢(za+g4 -y j)
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; As a consequence of thm in the sum rule above, one only needs to ﬁnd thef. S
RS coeﬂic:lent of < mgbz/; > and, say, < '/’“W’ > The la.tt er may then be reWntten mth SR W
. the help of the equat:on of motlon and terms of order g may be neglected in the =
certainty that they w111 cancel, Thm is generally done. Of course < '/"W > must be7 S .
included or vector curzent conservatlon will be violated. The neglect of such terms' ,’ :
| explains Why the coeﬁic:ent of < m¢¢ > 1n the gluon propa.gator found i m [La,85] d;d" = o e

mnotfulﬁl’ttheSTI FE : _ SRR

‘Asfor gluomc condensates in the sum rule consxdered here, the sltuetxon is muchjf-" . Eh

+ 3gfabca AnAbAc + (gfabeAbAc)z B ¢94¢ E“E]c“ 2 0 (5) e

e B A e A W ek L LMt i

simpler. Recall that the gluon equatlon of motlon meorporates ghost ﬁelds with ome .

o - extra factor of ¢ g- 1t is however, easily seen that ghosts first enter this sum rule at order', e

O 9 thus there is no POSSlbﬂlty for such a recombmatlon of condensates One merely o
~ finds the coefﬁczent of any part of < G >, say the abelian part < (8, Av A > T

- and from' gauge-mvanance one knows that this must be the coeﬁ'iaent of the full | 7‘ N
"~ gluon condensate, < G?>. Of course at lngher loops ghosts a.ppea.r and then these - ‘

eﬁ'ects must be ta.ken 1nto account

: One may now ask oneself that 1f all these eﬁ'ects depend so much upon the
- gauge-xnvanance of the sum rules or the BRSqnva.nance of the longitudinal part of i
‘the gluon polansa.tlon, what does this mean for the OPE of the gauge-dependent xesti . - :

of the propa.gators"

, '5.~‘EULL,0PE (OF THE‘QUARK PROPAGATOR‘

In tlns sectlon the coeﬁiclents ef all condensates mth d1menszon less than or N
equal to four that enter the quark propa.gator will be presented They are gwen to T e

S 5 - SR




lea.dmg order in the couphng, so there are for example no ghost condehsa,te contnbu-
tions. They are also presented in leadmg order in the quark masses The full result :
for the effective self-energy is then[PRSZ RS86 LOQZa, L092b} | AR

'eS"

z(é) :;»;zc;p« {(N 1= )'”(D(D -1+ 6)52 20 - D)¢s) <m¢¢> v

""2[(?—5D+4 }V‘( —-1)+(2 Nz)f)“(z D)(D'Hf)m] <Fods>.

D -2

@408 _ " . ' a‘ a2
~ D73 [4N(D+z)p <A545> —2N.D <(0,43 BA)

—4N(D+2)< gf""&,‘A:A:Aﬁ -2(1) 4) <(gA'=A'= ) >
+N <(gdabcAbAC)2> +2NC(D+4) <(gfabcAbAc)2 ]}

| (6)
To most easxly appremate the s1gmﬁcance of t}ns result, the reader should first i lgnore -
the gluomc condensates, to which we will return in a moment. The contnbutlon of

- fermionic condensates to (6) should then be compared with that pa.rt givenin (2). It
- then becomes clear that the condensates do not combine here to yield gauge invariant -

combinations and ,these that vanish according to equations of motion®. This is totally

- unlike the situation for the QCD sum rule considered in Sect. 4 and isa consequence of
the ga.uge-dependence of the propagator. Clearly this behavxour should be expected -
 to extend to all other gauge-dependent Greens’ functions.

The condensates re'fusal to arrange themselves into < m\(nl; >, means that we
cannot give accurately quantify these non-perturbatwe eﬁ'ects Although resummmg '

these terms may y:eld an effectxve propagator which appears to feature a running

‘mass, we cannot give the ‘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 condensates Note that it is incorrect to assume

that gauge -dependent condensates have zero expectation values: this would then,

for example, 1mply from the quark equation of motion that < m¢¢ > vanished. ’
~ ~What does this tell us about the pole mass? At first sight it is hard to see

how a gauge—mva.nant pole mass could appear from (6) However, if there really is a

“‘ga.uge-mdependen‘t pole, then this constrains the propagator only for one value of the
" momentum, p = ppole' = m. This is far weaker than the equivalent constta.ints for all

3 Note that the extra terms cannot be put into a gluonic equatlon of motion since ghost fields

enter that equat:on of motion and there are no ghost fields in the qua.rk propagator in this order of

g.

[



4 ‘*f;quark equahon f motxon as < m"

B f}f‘a. gauge-mvanant P
N rules and for propaga.tors in the past[Yn89 J M92] For QCD sum, ules thxs may- beir@":
bt for the propa,gators per se it is of dublons value “The extrafﬁi‘-{.*
o terms are on]y superﬁc;aily of Ingher order in the couplmg, and although they wa e
. - consplre to vamsh ina sum rule, there i is no reason to expect tIns to be the case in the?‘
S OPE of, say, the quark propagator Hence genera]ly speakmg, for gauge—dependent“, S

L\{- different damensron i
'hls sort of resummation has been perf )

a useful techmque,

- ._‘"Greens functxons;the only cons:stent expansron is one in the quark mass

’ The only posmble excep‘uon, is’ at the pole mass Smce, as' dxscussed in Sect 3 f’

o ' the vahdxty of the. OPE is Open to quest:on at such low momenta, this gauge mvanance e
 orlack of :t may be only forma.l It i is neVertheless of mterest It should perhaps bef'ﬁ "ik.if’

noted that a. propagator pole does not unmedrately 1mp1y quark deconﬁnement one { =

| ~ can construct models such that quarks ina ha.dron never reach thexr pole[LWGBT}

$> 0(9) Although these} condensates are of a.
),ou.ld be that this summatxon to &Ilard re in- the mass 1%&8 to‘>‘ v
mied 'both for sum?;“

Now consrder the role played by the purely gluomc condensates in (6). one_* "

o Otlces here gauge-dependent condensate combinations just as in the fermxomc sector.. S
i A closer exemination also reveals the appearance of the dxmensxon two condensate ;
< A2 >, and condensates which involve antrcommutators of the Gell—Ma.nn matnces'; R

, Clearly none of these can combine to yleld < G? > or vanish vxa the equatxonsf“f

 of motlon This further explams the thﬁ’icutxes mentxoned at the end of Sect. 83— T

assuming that the coeﬁiczents of drﬁ'erent operators to- be the coefﬁcxent of < G? >

yields various wntrad:ctory (and incorrect) results. There is also no mdxcatlon from”kg“” PPN N

these results that gluomc condensate eﬂ'ects lead to any ga,uge mvanant quark poleif‘.‘,f
~_mass. It should also be stressed that the summing of gluomc cbndensate effects to all  ' S

_orders in the quark ma.ss in the propagator can have no drrect physxca.l consequences U

6. FULL oPEj;or THE GWQN AND{G'HOST; PROPAGATQRS Ry

The results reported a.bove for the qua.rk propagator carry through to the other

/‘ propa.gators in QCD The gluon polansatlon will therefore not be given here in full de—( SR

tail[LO92b). However, the longltudma.l part ‘which is constra:med by BRS mvarxance"yf;'

to fulﬁ]l the STI, is a specxa.l case: The OPE of thls 1s

4 Exphcxt calcula.txon reveals thst the coeﬁcxent of € A2 > in the sum rule consxdered in Sect 3 ;' P

‘ is sero From gauge mvanmce tlns must generslly be the case for QCD sum rules i
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f”fv ;3’5,',2{ D(ZNz 1’}’";?’ <¢<z¢+g4——m)¢>: R
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+,(v2,(’2; D) Pz_)x
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" +%D?—;—,& <’5/7D.° gf“”‘a aAbcc> } ;

B | (7)
~ One sees tha,t the OPE corrections indeed vanish via the equatlons of motion. Thus ’
the STI is preserved. The mechanism here is Jjust that which we saw responmble for
the conservation of vector current. It is also worth noting that the ghost condensates
here wxll naxvely be of the same order of magmtude as the gluomc ones, since they

enter the gluon equatlon of motion.

- The ghost self—energy also receives OPE correctlons '

V 4rN.a,

) - Y

{(1 D+ 5(3*0 5)) <E‘[]c >+P <A‘A°

2- D

a\2 __}.k abc a A4b gc
2(D+2}<(6A 6,,A)> <gf 6AAA>+

vitptty

—_— e 4 2 a s4a\2 abe 4b pc)2 abcbcz
4N(D+2) <3(2(A )+(AA))+Nc(2(gd 4D AC) +(gd A457)>

- %s(o +1) <E0c* +gf B,z Ahe >}
S h : L (8)
I feel it importa}ni:.‘ to stress that there is no reason to suggest, as is sometimes done,
that non-perturbétivé corrections to ghosts may somehow be ignored. In covariant ‘
gauges at lea.st; ghosts‘ should ;not be viewed as seCond class citizens.

'7 FULL OPE OF THE QCD VERTICES

- The OPE of the vertnces[LOQl AEMO91, 5192, , Ah92] is at a less developed stage
than that of the propagators. However, one moral seems to be clear: ‘every Lorentz
structure that is a.llowed to appear does. This may also be seen from an (mcomplete) |
mvestxgatlon of the OPE in axial gauges. Here the qua.rk ccndensate contnbutmn to
‘the gluon polansat:on was found to be[LS90]



(p,m., +wm)p 17 " nm, e
p"q ;i'}j; "?

o <1§g41/) > terms have xnot been ca.lculated Hence the transvetse pa,rt is presumebly"k'k

T -af%more complex tha.n’

~ :‘evxdent but m a. more comphca-ted form AP

S s WI—IAT HAVE WE LEARNED‘?

“A‘

xt here appears However, the pomt to note 13 that both of the*‘,_ﬁ“?

The ﬁrst"‘conclus;on must be tha.t the condensates tha.t enter the OPE of, thef L

o - propagators and vertxces do so in gauge—dependent combmatxons That thxs has notf

" been prewously tecogmsed has been a source of confusxon and error in the pa.st

 The use of the equatxons of motlon in the OPE is often not eXphcxt It is to S f"'
be hoped that these results show the mportance of the equations of motxon Clearly« SR

' 'w1thout them, the STLin Sect 6 would not have been fulﬁlled

For people workmg on the solutlons of the SD equatlons, these results have a.' el

slmple moral one should use general ansetze and not assume that a sca.lar functwn 5’3 A

times the perturbetlve propagator or vertex suﬁices Addztlonally there is no reasen o i

to neglect non-perturbatlve eﬂ'ects in ghost Greens funct:ons or for that matter to‘, 'y i W

- ‘neglect ghost oondenea.tes

1 would hke to conclude thh a bnef dxscussxon of an epphca.txon of these results

; The lattlce techmque of Fourier acceleratxon mtroduced by the Cornell group[Ba85]: R

' to ﬁght critical slowmg down in lattice sunulatxons of QCD requxres some knowledge g

of the form of the two-pomt functlons of the theory In pra,ctlce this has meant the use e SRS

ofa free propagator, wzth a numenca.]ly Optumsed mass. ‘That this has not worked‘ 5 o
well for QCD is presumebly a consequence of th:s not bemg a good descnptzon of
a conﬁned propagator The OPE results oﬁer an a.lternatlve ansatz. The numenca}e L

uncertainty surroundmg the gauge-dependent condensa.tes in the propa.gatoIs m&y_’p»
be hoped to be there of rmnor slgmﬁcance R : , o
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