


The QCD suni rnlc dppmach [l] allows tlu 1nvu~.trgatlon of lladron prop-, ~

erties in a systematic manner. - It ‘provides, in particular, the possibility to

- describe static characterlstlcs of _particles, such' as masses, decay constants,'
form factors, etc., in an encrgy ‘region where’ pcrturbatrve methods are not »

) )a.pphca.ble [2, 3,4, 5, 6] Within this approaclr, the cffects of large drstances
-are effectively. parametrrzed in-terims ol' local natrix clements of quark -gluon

~operators averaged over the physical vacinm (vacuum (ondcnsates) quantitics <
- which are independent of hadron prop(rlrcs On the other hand, short- drstance .
- physics is contained in the Wilson c()cllmcnts of the Opcrator I’roduct lzxpan— Lo

- sion (OPE) enterlng the calculation of correlators.

; However, the nonporturbatlvc matrix elements contain’ (onlrlbntrons that' S
- - are not taken into account in_the OPE. These are, so-called, “direct” small- size
instantons (see, ¢.g., [7]) which give essential nonlocal contrrbutlons to current
. correlators in the channels where they are allowed by quantum numbers. ‘These. .
contributions are not sufficiently account(d for in the local condcnsatcs ‘since’
" - the-latter correspond to vacuum lluctuatnons with infinite corrclatron length.: e
~ They should rather be taken into account within the'Wilson coclﬁcrcnts along L

- with the factors calculated by perturbative mctlrods

_The instanton liquid madel of the QCD vacuum, orrgrnally suggcsted in (8, -
: 9] ‘has later been further. gcncrahzod by an-analytic'approach, ba,sed on the ;
"Feynma.n variational prmuple [10 11, 12]. (For. ldttlce calculatrons usmg thrsb;"f"" :

vacuum model see, ¢.g;, [13].).

As it was shown in [12], the instaniton- mduced vacuum Iluctnatrons are -

- responsrble for the spontaneous brcakrng of chiral invariance. This chiral-"
symmetry- breakmg me(,ha.msm is based on the idea of mixing and delocaliza- -

. tion of fermion zero modes in the field of the instanton (/) and anti- instanton B
(A) pairs. The QCD vacuum is nodeled as an I —A drlutcd quurd charac- R
terized by a small ratio p/ IR ~ 1/& ‘where p, ~ 1/600 MeV=~ 1/3 Fmis the - ;
a.verage instanton size'in ‘the vacuum and R is tlre avcragc drstance bctwccn
pseudopartrcles ‘ ’ S
A summary of some successlul applr( atlons ol' this approach mcludcs The S
ca.lculatron of current correla.tors in the background of [ 'and A external fields = <

{ :

_~which provrdes a useful procedure for cextracting thc static features of the

~_pseudoscalar meson octet [8, 14]. More recently. [15], a possible mccha.msm‘f" '
for the bound-state formation in the vcctor-mcson channel has been proposed.
~In a series of works [16], several main propértics of hadron’ spectroscopy have'
been quantitatively determined. ‘Evidence was provrded there that large spin-
lip high-energy amplitudes (1 7] are the result of the spin- dependent interaction * -

between quarks, induced by the small-size vacuumt ﬂuctua.trons

“The role of direct instantons in stabilizing the QCD sum rules for the
nucleon (2, 3, 4] was first discussed in [lb]and later also in (19]. These analyses

S ‘.:’,iwhlch is consrdered a.t\Q2 =
a charged plon, 50 that ff "

“,j;the quark Green functlon in the background of the 1nstanton ﬁeld Lr

S SR " i T R

- show that the 1nclus10n of the 1nsta.nton contrlbut1ons amount to a s1gn1ﬁca.nt :

'enlargement of the sta.b111ty region of the Borel pa.rameter e e e
“The msta.nton contrrbutlon to different va.cuum matrlx elements is deﬁned o

e basrcally by the quark zero modes in external I, Afields: Due to the spec1ﬁc o
- chiral and flavor properties of these fields, mstanton effects depend strongly on - “
.7 the channel under consideration.: In the channel with the ‘quantum number 0=,
the instanton-conitribution is ‘dominant {7].- “The single instanton contrrbutlon :
Lo to the QCD sum rule for the plon, within the effective approach given in [9
20], has been first" calculated in [9).There was shown that a self—consrstent L
descrrpt1on ‘of the pion as a pseudo- Goldstone mode i is: poss1ble only 1f the -
B contr1but1on of direct. 1nsta.ntons is taken into account L GIRENL
It is the purpose of this pa.per to’ mvestrgate the: multl-lnstanton contr1- S
‘ 'v.but1ons to QCD, sum: ‘rules for | the pion in the framework’ proposed -in’{12]..
' The" main conclusron of this- mvestrgatron is that the large-drstance behav:or T
T of: the plon correlator in the singular gauge is’ essentlally the same as in the Y
. effectlve single mstanton approach [9]." The’ beha.vror of the correlator in'the =
“regular gauge is a.lso explored but found to g1ve a negllglble contrlbutlon at

large distances.. . . SOl : ST
The QCD sum rules for the plon are eva.luated from the correlator functlon
AN R ; - L ~ : i N

jj_,Here 'q,‘ denotes quark anmhllatron operators, and uL(R) = (-——'l—) are left- ,Q .
BT (rlght ) handed spinors. ‘ o

~The single mstanton contrlbutlon has been computed in [9], assumlng tha.t

v

si(z,y) <q..(z)q,,(y) | / d“"

o Awhlch reta.lns only the zero modes grven m srngular gauge by




LT Al T I S o i - e:{:zcoso S]n2u(9)

8 e ol ER :(..,7‘4 : { \I"(L + ;\2” 112(/: + q T (L T q 2] ST ’~‘a11d thc followmg Borel transforms in accordance Wlth Eq ( )

s Q,~, Cevz"i' ( H 7(.,)2/;’ o (14\,},

o where '11',(2) is‘a: shor( hand notdtlon for W(L :F ) Assummg flxt-d valucq of 0

o thc mstanton radii.p = pes it follo\\s \I(p) p o’ (p) ',o( ), bcmg assoc1atcd i
\\1th the’ zero mode rcpr( som auon m mornvnt um- spdc( It has ‘
a asymptoucs > - L

it follows

Cotin smgular and rcgular gdug_)es rcsp( ctrw ly ‘nnc( M(p) 1s a rapldly mcreasmgf““

g "“‘;functxon with p for; PP >> 1 [Il 24], k
(14) at va]ues. ~ 1//) RS

ot Then by using’ Lq (

g‘_*Comparmg these results w1th the effectlve smgle-
gwen by Eq (11) at T ._,p, we. deduce

‘n":t?t( >~ e
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| singular’ gauge r'1lher lhdll in lhe rc.gul.lr one..
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Multi- lnstanlon Effeus m QCD Sum Rules iol the Pmn ' L

Muhl instanton conlrlbulmm to. QCD sum ruks tm lhe plon are m\eslluated

; ‘Wllhln a, framework. which models the 'QCD vacuunt as aninstanton liquid.<lt s,

shown that-in singular gauge the sum-of pl.lnar dms_mms in’ lcadm«' order of the
1/N:>

expdnsmn provxdes smnhu diu.ll\

lesulls as’ the “single- mslanton

contnbunon These effects are. als() analyz;d in res:uldr gauge. Our lmdmns u)nhrm ‘
that at large distances the correlator 1unU10ns are- more ddequ‘ugly ducrlbed in lhe ’

v
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