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An impartant pro1;>lem of the theory of s.t r ong interactions Ls t he 

carcutat on ; "irom- the. fir-st 'pr í nc LpLe s of OCl),lf" of the partoní 

l: dis.tribution functions and hadronic wavê func'ElOllS ~ eX} "
 

I, ) ~ (x, 1)(2) x3 ) .,. accumul.a't ng inf"ormation a lrcu t. the nonpertu-rba­
í 

tive aspects of tne- quark-gltton dynamics. A very promising methad to:'/1 
calculate the lowest moments o:f" these func.t í ens Ls the QCIJ surn rule

I . 11/	 . : 
(SR) approach • For exampã e , the zeroth moment of <t lX\' i •.e •."
 

;~e- f'3l constant} was bbtained in rei/li with 5'16 ac:~u~acy .. In- r ef ,
 
I the.. SR for -h 'nere ro-rmall;y generalized fo-r next mome-nts of
 

the :(unct:Lo-n ,.If1[tl'\ • Lnfermat on about t.he nonp e r t ur-bat ave dy­ã 

namf c s, W'Hhin the QCD SR nret hod 19 ac cumul.at eô by a p.ow er serias 

o-ver the vacuum expectation values (VEVJsJ ~f ~ocal operators which 

d e t arrní.ne s the magnitude of hadronic char-ao t er r.s t í.cs , No.te, .howeve r , 

that :PJt .tX) :i:-s .the function pa rame t r í.z í.ng ma.t r tx elemen-ts of 

a nonlo-cal operator x} 
.( L(Jl)( 

(0\ i:i (O) I, ~ Jt» ':p '>\	 = i Q-r ~ ~ ,~Jl (x \ dx (r) 

. r z e 
1 =-(} 

Thus,. there ar t se s t.he quest t on whe t h er it is po s s í.b I e to. get reliab­

le information about the essentially nonlocal' objects within the 

standard ve.r s t on of the SR met hod restricted to the sirnplest 10-co.1 

VEV's <.ct.(Ç)).~t(n> , <.Gjt\'Jl\}) ~roJte') '>, etc..:.', o~ it is neces­

sary -t o take into consideratio-n no n.l c.oa.l VEY's «: q,.l~nq,.ll!l>, 

<.G,,~C~lGr~12l1.o.. Moreover, the Iatter are in f'ac t the initfal obj e c t e 
I •• 

of a I I calculations wi th:1:n the QCD SR a.pp r oa ch , whlle J;he local 'TE V , s 

emerge from them after expansion into tne Taylor series. 

To study the bilocal VEV's, it is ~onvenient to introduce the 
parametrizationxx J 

t:>'Q ;7~
'. ~ 7.7 

< ~(O) ett~») = < ~ 9.. '>	 ~ e Zf CPC\}) d\l (2) 

o 

having the strucyure of the J -representation for a propagator. The 

~~!}ijQ.!LQf <. ~ lO) 't C~l '> over local op-erators corresponds to that 

x Herç and in what follows we take f1elds of ~uarks u,d and 
gluons A... in the Fock-Schwinger gauge ['.3J Zr p..,f"i:)=O where tbe..~ covariant d~rivatives:D coincide with o-rdinary onifil 'O-J4- • 

xx) f'i 
1\ Der1ving a QCD SR one can alwa.ys perferm the W1ck rotation 

Z?....,. L ~ , i. s , , to treat a'lL coordinates as EucIidean, wi th Z2<. O • 
o o 

h a-Vliiotllilh.iii.' lmçhrryr I 
,UQlBb!X 116:('~elt)BinG~ 
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f1'l- , t;"'~n~ 
of 't'l~ ) over -o ~~) ': C\l \.'{\ = Ôt "n - 0)2') ~'l ~) + ,,, 

- -.2. 'I ­where Jt2 == ..( q.:b q,.l l..Cl '\..) 1s the average virtualness of the vacuum 
quarks , 

For the bilocal VEY containing a ~ ~atri}{ 

-
< i lO) X~ t(~1)·= 

the zeroth moment of ~ l~) 
and that is why the ~ l~l ­

() 
I 
(~) t e rm.t 

~ ~~' 
:lI' 1e " :~(~) aV 

o 
1s 3BTO in thB limit 

-expansion -fo.r ~J l'1l) 

. ,! s '1 2. r'\I , ) . _
tp(v)= A[SC'J)-o .] O.c.~) h A_ ~ ']íJ.. L.. a q,>.

,,0 _ w ~re - &~ .S 1­

ThB contribut1on prcpor-t ã onal vt o d.~ ('1. q,") resulta also .from t he . 
_ '1 \.> 

"trilo cal ft co nd ensa.t-es <. ({(Q).r (~;:-~ Av(~)c<t(~) > which canbe 
parametrized by a t r í.p Le lntég~al "representation of the same t ype , 

The role of thé i'unctions - q> ,~ becomes especialJ:y 

clear, ifone WIl·1 tes the SR d1rectly for the wave function (x= 4-;( J':.). 
- ~o/t12 

,~ X X M2 (~- e ) + 4 t~ lX M'2.) +~ ~Ui) Lj Jl2 (4) 
.( ~ 1 

~ 1<J- Z H>
2 

{ íx ~ J ~ \ Jo. 1,,H 
q> ( ><:1. '} <t> ()li1-) . 

s " o ~ o 

BCx">g) GCa.:: e ) + e()(c:.;neta·~g) } -+
 
\ .x~ ri g - x -g a g \
 

~ t r~ eo t u, e.s) + o~ {< G- G '» -+ X~Xo<+ 

Thus, the longitudinal momentum distribution of the quarks inside 

the pion 18 related to the virtualness distribution of the vacuurn 

fields. 

The standard SR /1,2/ results from eq. (4) if one takes the first 
(M) ffi 11, . 

term of the li' - expansion for '1 ('\)) ) Te\!) • 'J:his model is, 

evidently, toa crude if the average virtualness of the vacuum quarks 

).2 { and/or) gluons} is ~not small Dompared to 'the typical hadronic 

Gev2)scale ~o(N=O) '::::::! 0.75 .. Existin,g estimates /5/ yield 
,Q. 2 (""=0X = (O. 4±O.I) GeY ~.$o .In such a situat ion, insiead of the 

standard e~pansion over the local YEV's, one should use an expansion in 

whicfi the large virtualness of the vacuum field has been tâken into 

~ 
(J) 

of massless quarks 

starts w1th the 

2 " 

account just in the first term. In other words, ,for .funct~onr 

M (1.2.) = ('i(O) t{~) w1th finite correiation length .-.... Yj'1 oi', '! 

the vacu~ flu~tuations 1t is mucn moxe preferable to use the expan­
:It\' ) (""(t\) 2. 

~ 

s í.on of '''r r~ over o C'Y -.j'I ) the i'irst term of w~1ch ~akes 
int~ account the main effect caused just ~y the finite width of the 

f'unc t Lon M(i!'2~ ., whneth~ subs e quent. terras d-escribe those due to 

devlation e r its forro from the' Gaus.s í an one ; .That Ls why we take <t>('J) 
~qual to b(~ -1\/2) and If C~) e qua.l to A ó'(~-Wi) . Yalues of 
the shi~t5 a~e determined, obviously, by the second terms of the,~. 

I Õ{h) .... expansions ,for ~C'J), Ur ())) • In a similar way one can 

ccns t ruc't model Õ -l'UJ;lctions ·forLth~\"triloc"a.l and gluonic VEY's. 

As a resul t , '"IIe obtain the fol1:owing SR for the momen t s of the p'Lo n 
wave functiun: 

.:$01....2. N 

q1r1. { t..'~ ~'> = 3 M 
1 t~ - t ,) + JT d..s' ( Cf G ) Óc. + 

1T (tJ+i)UJ*3) -- . 3H2. 
.(5) 

.\'; 

2. t1.
16LJ Jf3J,.5 (~C{.>L { ~ Ót"~i (1+2.N ~~ )BC Si'~Ü) + 

g~ M~ 
\:0 L 

. N-+~ 

'1- 8";+2 {
1g [ ~
 
J"JJ.. N+1 1'1+2.
 J J 

:' - '1(. 1'; 51- " 
where"5 -= X-)(' } ~i = 1- Qt 7M2) .Li, =- ~ - Ui '-:2' M1... , Qú = fã ' a~=1, a2.=.3 . 

• 2. 
lf one t akes 1~ O, then e q, (5) coincides wi th the 

Cheznyak - Zhitnitsky (CZ) ~R /2/, whl1e the O(J:') term in the )\.1. 

expansaon of eq. {5) gives (in a"model-independent Wé1J") the magnitu­

de of tlfe (1.<, <: ir])2 '\. '> <Ci q.:> - cont'ribution. It sh041d be noted 
.>-~ . l 2 _2 

that the latter oompletely .cancels, fo.r M:::: 0.6 GeY- , the J..s.(cVt.) 
.contr,ib.ution.. .. 2­

In the CZ SR /2/ the relative contribution Df J..,S <.~q.) and d...s<-G-G.-) 
corrections rapidly grows with that of N . As a consequence, the 

scale $,0 for N=2 (4) is 2.25 (J) times as high as that for N=O.IJ That i5 why the values of L... ~ N> obtained í.n ref. /2/ are l;>y factors 

2.25, J ••'. higher than the "asymptotic It v~lues J/(N+l)(N+J) corres­

:~ ponding to the asymptotic /6/ wave function 

2 3 
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In the SR (5J the coeff1cient ín front oi' the numer1aa11~ most 
:1
:j'. 

- . l	 " important J.s. L. q.<t)t -contribút1on de-cr-eases' with. I'f by a'lmo s t tRe:' I 
same- law ás the perturbati'V'e colÍtribut1on,- and, as a cons equence s. 

fitt1ng. tl1e SR (5) one o'btai'Ils for- the lowest mo~ents the values 

ú. 
t.. '32

')- O. 25:t0''. 01 , ~ ! >= o..15.:t0. 01 

(6) 
~(3 } = o. oq.±(}. 02 

only slíghtly d1ffering from the a:symptotlc one a- It 15 noto sur-pr1­

sip.g that the mode1 wà,v'e :funct1on ~ ()l).~ ~ ~ \Ix (;t-X) 

repro'duc5.ng- tne va'Lue s, (6) 1s :also cl~s-e to. ~ IM • lt Sh6U1:<L b,e. 
,	 '2..2 .:Jf "2..4 12/

emphasí.z ed her.e that tne ov:erest imat e of <-.5 > ) l.. S '> in ref... (i5, ar 

direct conse.quene e of the approx1mat1ons q>cl"\Jt""" 3Nr ')- ~t'n.--.l S(;~}, 
For any :func.tians ~N},. ~c'n sec.uring the "o bs.erved." value ;~r'= 0.4 Ge'l2. of the ratio c i:[ ))').<1,">I L ii q,':> 'the resu1 t s for ~ '3k1",)- I 

alw8.ys wll·1 be cfos e to t.h ose displayed in eq. (6). 
ExplicH form of the functions ~\..·'n) \f(v'} e:Jc ..) in prin- ,'I 

cd pl e , can be o·btained from a specific modeI (ox" idea1ly, the theory) \ 

of t he QC.n· vacuum, More- p:racticable, however, s e ems. a way baaed on 1 
the fact that the SR's similar to eq. (5) can be o-btai:ned for o-thér 

wave functions and als.o for quark and g1uon distr1but1on funct10ns 

which are known experimental1y. This opens a possibility 01 fo~ulating 

the inverse p~ob1em, i.e., that of find1ng the "vacuum d1stribut1on 

functions" <J>N) ,\!,C~) (that are universal for all the had-

r orts I) from the given .fano t í.ons f (x). f d eX) I (x ) etc.
'1U IP ,j (p ) j Uf']l:' , 

We are gratefu1 to A. V.,Efremov, V.A. Nesterenko, E.L. loffe and 

M. A.Sli1finan for st1mu1at ing d1scussions. 
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MHxaftnoB C.B., Pag~rnKHH A.B. E2-86-259 
Henoxansnsre KOH)J;eHCaTbI H KX,lJ; np anarra CYMM 
,Il;JlH BOJlHOBOH: !PYHKIJ;HH naoa a 

06Hapy~eHo, ~TO KXA rrpaBHJla CYMM /rrC/AITH MOMeHTOB BOJlHOBOH: 
lÍlYHKIJ;HH rraOHacPrr (x ) aec.sxa l.lYBCTBHTeJlbHbI K <popMe KOOPAHHaTHOH: 
3<!..BHCHMOCTH "HeJlOKaJIbHbIX KOHAeHcaTOBu <.<nO) q (z ) > == M(z 2), 
<q(O)"fLq(Z» H T.rr. Ilcrryxenu MOAHCPHI~HpOBaHHbIe rrc H naünen HB­
. 8 -~- 2 
IIbIH BHg cP 

17 
(x ) = -

17 
f 17 VX (1 - x ) AITH p acnp ene.neaaü M(z ), HMeIO­

\ 2 2 max rnHpHH~, AHK'I'yeMY~ cl'aHAapTHbIM 3Ha~eHHeM 1\ = 0,4 f3B QT­
<QD 2q>/<qq>.nourenaa À = 

Pa60Ta BWrrOJlHeHa B fla6opaTopHH TeopeTH~eCKOH: <pH3HKH. 

Ilpenpmrr Oõseaaaenaoro HHCTHTYTa H.o;epHbIx accnenoeaaaã. Ilyõaa 1986 

Mikhailov S.V., Radyushkin A.V.	 E2-86-259 
Nonlocal Condensates and QCD Sum Rules 
for Pion Wave Function 

It is shown that QCD sum rules (SR) for the moments of the 
pion wave function cP17(x)are very sensitive to the z-dependence: 
of the "nonlocal condensatesl'<q(O)q(z» == M(z2).<q(0) Yf1 q (z » . 
etc. We discuss a modified ,SR and obtain the explicit form of 

cP 
17 

(x ) ~ f17 Vx(1 - x ) corresponding to a distribution M(z2)co 

which has the width dictated by the standaru value À
2 =O. 4 GeV2 

of the ratio À2 = <q02q>/<qq>. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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