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. ·. : . · (In th/l~st sev~~;al years there has b~enan in~r~asi~g inter_est ih,th~ deep iriel;~tic 
. structure]unctio~· gfCr). 'It ~a:s p°iovoked by the EMC result on the sc"attering.of the 

longitudinally polarized mu~n beam on a longitudfnally polarized liadron ta;get. The 
ui;expectedly SII1all asy"m~etry, found by EMC has led to the so called ,, spin crisis in. 
the parton·model" and ha:; raised a humber of qti;stions "about the understanding of the 

.. _ •·- dyna~ics · of the proton·_ spin 011 the pai-t~h level; namely, how th; hucleo~ spin is build 
'.~up' fro~ th~. spins. of its;con;tituents. An eri~rm~us flb~d of theoretical investigation~ was' 

, gene~a'.tdd Ill: ord~r 'to resol;e;-the:curre'~t" "spiri. problem". (1]. · The EMC measureme_nt of · . 
. _;~ _ _::_tJi~_flr:_sfmomenfof the polarized structure function ff 'cari via.the Ellis~Jaffe suin rule (2] .' 
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interp~et;d~~-.a me:surerrient ~i th~singleiax.iilcbn'st.ant ;~l(o)· o/th~'imiton. Th; 
last.one turns out'-t~_beimexpectedly small in contradiction with the~~i"~epartcm model 
. wh~i~ it is fairly close to;uriity.-The EMC rep~rted for~G~>(o) theresult/which is coih, · 

. _. patible with. z·er~. _·Two new experiment~ ~are uridet way to check. their' measure~ent of _. 
'. gf (x) ari'd to m~as~re the analog~ts neutron function g;_'( x ). The recent analysis [3rof al( 

.. ' proton dat'a at Q2 =.lOGeV~ gives a~>((>}=' 0.27±0:~8±0,lQ;stiH fir fr~m unity: ~o the,;_ 
problem reduces to the evaluati~~ of G~\o) becatise theotheitw6 axiil cons_tants -~a~ 

,,c-~ -··be extractea rellably'fr~m the data on neutron andhyperon',B~decay~ .. Inthis paper we 
. calculate it in·:_the framework of.QCD. sum rule approach whkh till riow seems t~ be the 
most p~w"erful ~et hod for extraction of the iu"formati~n abouf the_low, ~nergy P;?P~;ties ,, · . 

. of hadrons and the closest one·to the first principles of the theory.. _· _ 
In the eq.(1) the functiol!,S G~)(Q 2

) are form factors at zero momentum transferred in 
the proton ·matrix elements of axial cun:erits . .• • . 
, -~- --· ' _.-"- .. , <. .--

·_ ~(N(p~};)l~~~(?)IN(pi, ~~)} = ii~2)(p2) (c~>(Q 2 )~µ15·~ a~)(Q~)q;.,~J 'u~,)~P~),': {2)' 
. _,..:;\·_ ; --- - - . . .._·. - ' -". . \ " - . . ,, ,. ,,. , . 

-wh~re i,isa Slf(3)1 ind~~,q== P2 - Pi and Q2 = :...q2.:·Therni~ an importantdiffe{en~e> 
. b_etween _the. behaviour: of induced ·psetidoscalar form· factors_ at small- momentum 'q ·• Here 
_the singlet pseudo;calad;;rrii factor does nor acqui;e a Goldstoriepole at Q2 ~ o,·even in. 
th~ chiral limit, contrary to the matrix el~ments oft he octet cifrrents;: It is known that • ·· •• 
this limit', iri. whichthe masses ~f the three light quark fl.avo~rsare· neglected, is notfar. 
~way: frpm, the/ea! \Vorld of h'a.drons:: In tl?,iS 

0

limit there _exist 'eight inassl~ss.pseudosc~lar. 
mesons, serving ~s _the.Ooldstqri~ boscms:_Howevertii:ej1inth ps_eudoscalar~ thj ~'~meson; 

. remains massive_. This property :will be used in the;: following in order to extract the value 
:·of G~>(o) from thesum rnles, . .. . ~ .· -~. - _ : .. • . . _· : . . 

._ .Jt was ·established (1] that the· first momerit Tf "does not measure the· contribution of 
th~:qu'ark spins to the prqto'n'~ne'. This happens'because of a'.ncimalous non-cohs~~vation:; -
of the singlet axiaf current. For this reason we display the role of this profo_und f~atur~ of·· 

- ' > • _. • •. - - J+, • - - ,. ' , - : - • '~ ◄ • • 
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the theory rfrom the very beginning exploiting the equation for the anomalous divergence1: . 

:: ·. . . .. .·. · '(O)·.,'• .; _: ···(;/Os)•,~ -a·. , . . . : 

8µJ5~ =.~iL;nqq1sq-. ~ .GµJ]µ,;, ·.. _.(3) 
. ~ q . , • : ,· • t • .•- . • •. l 

. · :where N/ is a number' of flavours (later N1 = 3).· ·T~ki~g th1; diverg~nce of eq:(2) ·for: 
. singlet axial current and making use of the last expression we come· ~o the relatiol} whidt 

., directly connects in the chiral limit the nonforward matrix elementirofgluon operator to 
,the effective form factor.·2mNG~o/1(Q2

) ~-2mNG~).( Q2)+Q2 G~)(Q2 ) thit is equal to the 
2mNG~)(O) at Q2 =0. 1 . . • •. •. •. • • •·. _ .· . • 

. .2 .. As a rule, all calculations of the nucleon ·characteristics use the particular three
qua~kcurrerit introduced by foffe [5]. When bne makes an attempt to cv~Juate the matri~ 
elements ofquark7gluon or gltion_operators one face~ the C'!Vident calculational difficulties, 
moreover the final sum rules are aggravated by extra UV Jogarithrits dtie ·to mixing 'of 
· operators and therefore the· calculations 'are affected by noncontrollable uncertainti~s [if, 
' ' In field theory, the usual statement that \he nucleon consists mainly of the three quarks . , l . . . ·. .. . ; • . . ... / 
means that the 3 quarks -+ 3 quarks Green function (three quarks are _jn a state ;with 
nucleon quantum numbers) has, the pole at th~ mass· ofthe: nucleon; with t·otal angulai 

. r . m~mentum J = ½, with a significant residue.· The .fact~·.that th~ nucleon is not just a .. 
Jhree quark .state means that the nucleon pole also occui-s, albeit with smaller residue,· 
in a Greenfunctions such as 3 qu·arks+g.->· 3 quarks+g.' For thiit_reason one;is for~ed 

:to introduce ·a .more complic!ltecl interpolciting proton :field which· explicitly cdntains th;-
. ·: gluonic degre~s or'fr~edom: ·. '. / / ' · · · '. . · 

r ., ' . ' . ·. · . ', ., ' ·i .. k_>., ; · "· :. ·. .; ·· . · ~.. ':·. a : . ··1, . , , 
d/c;(x) =,f ~- (u (x)C1µu 1 (x)),s')'µO'af3(gG

0
fJ(q:)t d(x)) . 

•- ,',·. ·.' - ' ,·. .•, , . (4) 
., 

Th~ latter was investigated in ~cf. [7] and checked inthec~ictilation of protoii1 gluonic 
fo~mfactor normalized to.the frnction of nucleon moinentu'm_ carried by glu9n~ .. Recently, 
making use of this ·~urrent the twist-3 and twist-4 corrections to Bjorken' and Ellis-Jaffe . 
sum rule were found [sJ>The·advantagesof this cunent are' straightforw~rd: thecalcu
laii6ns'are simplified drastically, sum .rules are free from the additional divergences that 
are .not removeci°i>y the B'orel transformation; ·. ·. . ;'. . . . : " ,. . : ' ' ·, ' . I ,' 

In the usual ~ppr~ach the nuclebn matrix. element of ,local i>perat6r can ~e extra~ted . 
from the three-point ~orrelafion function which cah be appropriate!? decohiposed' into .. 
several tensor structures. In our case it looks';like: . . . 

' iv (p, •, ,,,: g i: ,,p,;ryi, .. ,,M;(Ol~a( x J ("'1·ja;.(o 1a;,(;1 !a(Y J IO) 

- . : , ' ' (if i' :i ·~ . . . :·. ; {~) 'z' ;4; . 2 ; (3) :i . 2. 2 . . . 
..- O'µv1sP1µp2,.,W., (Pt,P2,q )+.bsW · ,(P1,P2,q) +q 1sW (P1,P2,q ). · (5) 

; ,.. ' . ~ ·. ' . . ' . . .... . . , ,,, 

' . In practi~:i calculaiio~ :if is aa\iant.ig~~>US \o consid~rthe W{ll(p;; ;~; q2)'be~aus~ cifits, 
lower diinensioriality .• Another reason: iri f~~otir oLthis choi~e is tliat if doe~ ntit' JJad to. 
the:fictiti_ous· kiriematicaFsi~giilarities in q2 as' the Ia~t term iri the eq.(5) cfoes. For"this' 

· invariant: a:niplitude 'wtican write the 'doubl~ dispersion'represeritation:' . . . . , ' ' . 

- , -w<1J·(·.··2 .. · ;,_' 2)•.~• ·1,·£···;·h·· 00d:/~; . p(si,s2,J2/· •• + .•:.:': ,. :·(
6

)· 
· Pt,Pz,q . .. 2- .• , , . 1 .. 2( .. ,, 2)( ... 2), .... , .. - , . · .,·, ,-. • .. ·. 1r.·o- o' •·· S1-P1 s2-P2 · .. 

· .. · 
1Throiighout•the·pap~r.~e adop~'thec~~J~n~i~~s i~'itzykso11.and

0
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'\vhere the ellipses' stand for the polynonil~ls in PI and p~ which die ;ut after the double . 
Borel tra~sforination ha.sheen applied. F9; the physical spectral de~sity we liav'e-~cc:epted 
th~ converitiori.al "resonance plus contin.uum" model: · · 

.,.✓,, ·,. . . . • . I . -- '_.,, ~; .. -. , ' 

( . Q2) 2 4 \ 2 -a· (0) .(Q2) c( : 2 ) c( . • · 2 .) . · · p s1,s2, = 7r mNAa2mN eff V S1 - mN V S2 - mN .. 

+Pco,;1(s1, s;-,:CJ2,)(l ~ 0(<7o :- ~1)0(<70''--;: s2)), -. . . • (7) 

·. The function in front of double-pole term is a combination of form factors '.we are interested 
in up to certain ~verlap AG between th~ state created'fro~the vacu~m by 77G and the 
nucleo~ state: · · ' ·. " · · · · · · · 

-~- / · (0[77~(of[N(i-X)}' ~-m;:J-\~u~\p) . 
.,,,,_.. . . .· . ' ' .' 

. •. (8) 

So, our aim is the evaluatio; of the' correlation function (5)' in QCD. In th~ case wh~n 
all the moment~ (-:-PU ~ ( :-PD ,Y Q2 are sufficie~tlylarge (of order of iGeV2

) the 
leading contribution comes from the -do~ain ·where all' distances. are ;mall. Thus the 
standard machinery of-short. distance. expansion_ are. applicable, allowing to express the 
final result in terms o(quark and gluon condensates. The problem modifies drasticil!y ·. 
if the squared mome:rii:uin transferred becom1; small (Q2 

-~ (..:.p;)) ,because the releyant 
t-channel distances can be large. 'In ·this.case the OPE.has a twofold s,tiucture [9]. Tei-ms 

, of the first type a~ise f'.om the SD(I)-Jegion when.all int~rvals x2 ~ y2
. < ( X-;Y )2 are s~all. - , 

Another contrib-;.;-tioii comesfroni SD(II),region (bilocal power corredion):wh.ich oi-iginate 
from distances x2 ~ y2 » (x - y) 2 

•. The necessity for' the bilocai' power cori:ectioris'can ,' .. 
be.traced f~om _the fact that the ordinary QCD F~ynman diagrams contributing to the· 
form facto~ at' ~oderat~ly large Q2 in the limii.of small Q2 posses the logarithmi~al 
nori-analiticities_· ( Q2tlnQ2 w_hich ,signals thaf the large dist_~nces come into pla/ [10]. 
Therefore we have fo subtract such' perturbative behaviour from the corresponding graphs 

· and add the '1exa~t" correlators which account'forthe nonperturbative effects and'thus 
po~sess the: correct an.alytical properties as Q2 goes t~ zero [11 l. \ i . • 

The large distance contribution is determined by the two-point c:orrelator·of operator of~ . 
interest and some_nonloca!string operator with definite twist'(not dimensi6n) which·arises 
from the OPE of T-product of nucleon currents. The bilocal power corrections cannot' be 
'directly c~culated in p~furb~tion. theory but, we can write· down the dispersion relation 
for them: · · , · · · ,: . • . · · ·· . , · . · '. · · · • .: ·· .. : · ·· · · 

.. ·.'. ··w' ( 2.• (· .. ) 2)· ~.···.!_ . ./4· ·"""d. p(s,(xq),xz)_ . . (9) ,. . q., xq ,x --:-. . ·. , s , . 
2 

, 

. .'· ·: '. . . 7r o · . .-.s..-q .: 
~ssuming the st~ndard ~pectral density mo.de! ~ith c~ntinu~m starting at some threshold· 
s0 and finding in some ,way its parameters. We always do this constructingthe auxiliary 

··sum rules._ There is -rio 'need' in additional subtractions in eq.(9) because one always 
deals with the difference between the "exact" bil6cal and its perturbative part, so due to 

. coincidence of their UV behaviours th~ subtraction terms cancel in this difference: • :-
Calculating the bilocal power corrections we ~ccount for the lowest h~ist~3 ·operators 

because we expect the higher twist contributions to' be rather: small: As can be easily 
traced frorri' the ;eq.(10) such a contribution arises only (in th~· sym~etri~al kirieniatics 
i 1 = i2 which we will accept in .the· following fo~ the Borel parameters) fo~ bilocals with • 
th~ coefficient function.containing the quark.condensate: ·An other biloca.Jll__correspond,to 
the next-to-leading twists and thus will be omitted below. .· .• 
.... · '., ,. . . ;_· · .... ·.. . .. ·.. .\ .. 
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Collecting a,l; COnt;ibuti~ni w~ come to: the Borel ;u~ r~le with thc..l3m·d paramdcrs -
7

1 
and_fr - - - - ·--' · 

-mJv>.i_·2 . a(~)(Q2)' -$'-~'.'.1L 
-. -- TTl,N eff e , , '2 -

- '7172, - - . . . . 

· -~ ~.~-·- ('"' f
00

dsidJ:q -'- 0(u;7' s1)0(uo ~ s2))Pcont(~1, s2, Q~)c-~-~ 
--. 1r lo lo: -- T172 • · - " ·: - _ - ·- . . ._. · · ·.· -

·lN1(·a.) 2 _ - (r1T2)2 ·{·. Q2 · · · ·· (.·' , - -·.·_I ·)·, __93_:_} +--_- _ (u_u)--.- - .. -· J12 + 14 +h+-ls e<•1+•2l 
• . 71"2 3, 7l" .• ( T1-h'2)2 ( T1-h'2) . -. . -6 . · ·-

1 N : 2 - · · .( ) {.· -Q-2 • ( -- · :1 --) 2 } . ·• - J Os 2 _ · . T1 72 <· • , ' · · • 
· . ---:--(-_) m_._ 0(uu)-- ---J11 + h+.-h e<•~c2> . 
: 71"2 .6. 71" .• , . - h+r2) .(T1-tT2) .. ·.' , 2 . ,. ~ . 

· .. 1 Nj (a•)•; · ~--{ .. (r1r2)2
[· .. · ·(·· • .1 )· L] 

' -+_ 21·44 - 111.~(uu) __ · 4-( ... )3 Ji'2 + 1.2+14_··.+ -6_h . c'_'?1++'2'2l _ 
· · - 7r • 7l" .. • - T1-h'2 · ·· , · • 
.. ·- . - . , . hr2)[. Q2· · .. ,_ (. :_, . · ·. ·-. 1 ·· ··)·• L) }·,-:'._ 

+~_ --·-Jo2-: 12 + 2!4 +-h e<•,+•,l. , .-
. (r1-tT2) (r1+r2) - -. · ·; 2 • · . 

-,:1, 1N1 (a;)2 -~ ~-· (r1r2)2 ·{ · .. ·(· · /. .. 1 ·-) iL_} .. 
:11"_2•32 11":. 7!_:o(uu)(r1-tT2)3 Jwr"": 12+/4+t/6 c\••~•~ 

.. 2\ N
3
/(

0
•)2.m~(riu){.2((_r

1
ri_ ))

2
~ [1_ 1~ +(· 12.+\ + .. :_~h)_e<•~:,>] 

7l" 7l" .- ·- '', T1+T2 '. · . . .- . •6 · ' 

. ' . . : ...: (r1r2)[•· Q2 'Jo2~"(1~.+ ~12+'!-1;) ~-c,f+_.~_-~>] ·} 
. , ( Trf:2) ( T1-h'2) . . " · .2 • ' · 

- ,16 ··(uu)(r1r_ J).- e,(•.~~~> ·-• rr;~,jT/;.,. (1;~>J<~>(·--~) ;·j<;>i;;<~l( .. Ti_ ·):· ·)· (10) 
3N1, · . (r1+r2)2..:. _ m~,+Q2 . T/ T/ '. T1+T2 •'.'. '!--. Ti-h'i .. ' 

. wher~ the continuumdouble spectral d~nsit/is 

, .. ·. ~- ~- - • ~. 5 ',_ ' . ' 

Pc~~t ( Si, s2, Q2). := L P(i) ( Si, s2, QD. 
• i=t ... 

-·and:each-term in'_a sum is-found'from·thewrrespo~ding d{agrailli11•fig.l:· 
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Fig.1.Contri~~tionsto tlw ~ffe~tive axial foim factor i~ QCD su:m r'ul~ ;p~ro~d1 . 
.... ., . . , ' ' \•' ,,.,, , 

-P(s)(~1,s2,Q~f . , • ' _ 
• . . {' . ·- ·, 2 .. "'· · ... - . ,._ . ·•. - .. }' . · N a, 2 . - • / - l - _. u . .. . u · , I _ · .u · · ' · 2 St s2 __ : 

= -.•- -8
1

(-_ .)_ m~(uu)Q . _ 12 (1 - '!) (2 +---r) + -2 (1- -_ l) +Q :-,-_~- i · · 
. 7r . . ,.. R2 - . R, . - _ R, . R2 

• • ··. • •· • • -
1 

• • • - , . ', • , -. ·- .( I 6) . 

u==~1+s;'+Q2, · R(s 1,s2,Q2)~u2 ,._4s1s2. . .(17) 

The fu~~tions -Jmn·~re odgiriated froin tlie:di~gfams 'in• the-first ro~ ,in 'fig:1. an'd •a-re 
given by the f~llowing expression: . - -. ' 

.. _I · .. ( 18) 
',.- ' . .. . - ' 2 '} • - __ - I_ , X 'Q · 

Jn:(r;: Q2);, , {dxin-lxmexp{._::-'i (r1 +~2) . -, Jo . ' -
The functi6ns-ln represent the difference b~twccn the perturbative part of the bilo

cal power corrections ( the second ~ow iri fig. I} and the conti;rnum ·contribution into the 
"exa'ct';-bilocals: _ ... ··. " ' ' · - , • . ' . ·,' -. · . :Co · '-_ - · , ·-. : 

I" fo' q\;•r- (r,~;,r;,,, [(</');,; ,~ ('· ~h +, ·~ (-r,:( Q')"''j ' ( 19) 

' . ~ . 

As can be easily seen the'cxprc~sions i~·the brackets in ~q.(10) a~efree fro!Tilogarithmic 
nonca;aliticities, ·they· are replaced by the combination .~0 + Q2 which arc "safe" in .the 
limit Q2 -, 0-. - , - ·. -· .. - .• , ... - . _ . . 

_.-._We stat.e. that contrary to the refs. [8) whcr~. tlie sum rule~ with the_ same intcr1iolating 
rrncleon fi~ld \Vel'f dominated· by·_the contribution fror11 the highest dimensioii c>perators 
·our sum rule does not affectect by them: the coefficie1it functions thar·are deteri11ined to -

. • '" , , ., ; ' •'. ' , ·• I. ' • . • ! , , • •\ ,. ' • 

/ 5 I 



I·_. 

t' 

cc 

.., ___ ;,. 

•@" 
.

·._.·._•·_· ·_. 
_, .· . 

-- TI·.y .. 
.. . '. ' ' . _·_ ' . ~: : 

~ -·_,. - ·. _7 ~ 

-· 
/ 

J:ig.2.r:eading ·twist bi local p;wer co(re~ti~n. . · 
~ _,, . . •.• ' . 

th~ leading accurac{ :hy tree! arid' ~1;~1~1;)0p di~gr~rns va;1ish i<l~r;ti~ally: 'I'he~efo,c we \10 
not m"eet thcprobld~ of.hrcakdow[) cif OPE for U1cJorrelatc?_r inqpi:ition, '61;! la~f lii1e in 

. _eq:( 10) r~pr~sents th~ lc~d-ing bi_local correction, see_thc:gi-aph in fig.2 .. The f111ictions <p(i) .• 

are thcwave' functions describing the. li°ght-cone inornenfurn distribution of gluon iriside . , 
. meson,·. I nth~ following we will' take.for them tli6 iisyrnptotical for.m which. seems not far· -
. a\vay.frcim the rra'.Iity:.~--. <. -.< ·. · . . · ... · .·. ::; < ·(_ -. . 

ipPl(~) = 30£r2i.i2. .. _.· 
. '(2)·(:•·) .· 1·2·0··( ··• .. · )··2~2 . 'P-~ a•=' n--:li a a•,-• 
" . . ·- . . •' ,_ - .- ' - ' ', ' . 

Th? unk[JOWn overlaps J~,, J~!;:and !~~ ~f,some glu~r; o~erators. with:H!e _r,'-meson state 
arcdefinedas: .-: .. ·- .. · ·. :. : .·. ,:.•:. :··,: .. _:·':· __ ;·_ ·: .. ·• 

• • - ' 1· 

,'~_. Njfis .. ~~- ··~a,--~·~.,>~'.:· ·4 
',. ·J~, :>· 

. (OI-. G,,v(O)(.,;;;(O)(r, (q)) = mq,fq• 
. ·., 4r. .. •. .· . . .. ·. > 

'(11;(q)t;;•(c:>.(x )G:'.'(O)-:.c:~(x)iI~>.(O) )lo) 
• J. (. ·• ';· . · .).[' (I)•(!)(•.·.) :_ (2)( ) (2)(. )] . 

·'-

· ''(21) ,.= x"q>.-X>.q" zf~•.<Pq, xq +J~, xq if>~•- xq .. 

: .... ·and>rnay:,b~ fou.nd f;~~ -~he .id~itiidal!smrrru\e:s'.
1 

I~ t~~ !~sf line tJie w~ve· fu~dio~is'. ef>~1/~--- . 
·.can· be related in the standard. way to the ·usualmorni:inturn fraction ones: . .. ·" 

•:- _, '. . - . . "; •. . '. . . . . . . - ~ 

'-< 

r/il(!iiq) ·:.1'f°'~:'.;,(;q)'f<.'.i(~l;. 
,-i .- . l • 

The. f,/ con~t.tnt · was ~:akulate;I .i~t ref.. (12) 'iii::_i:onncctjou· wit!1~psd1do~~alai: gl~onium,_· 
while the other two' ~ill he·exti-a~ted lielo\v·~ . : . . ' '. - . ' . 
. ' -3: We estiri1atc _the bilc~cai powc;r·rnrr~c:tion satur~ting tlie t\vo:pciint cq_rrclator:: . 

• - • -- ! - • • .. ' •• • _·; - • • ' • • ' _---,., ___ .. •• • ~ • • • • " ..__ • ~ :,. ' : ,' '.' : • 

lh"(xjq) , . . . . . . . • _ . , . _. _ 

·=. i_··1··. a1 ~.~;(OI;_.{·. Nja_, G~. (,.)G_~·•·(;)N_ 1°'·'(6~ (_· x)G_'~(O)_ -..C.G"(x)fF(o)· )iL10)·· 
•• · .. y. '. ... • . ,,',jr, 1,v y' /W y ·c'4r,. _l'A . • _µK ... I'" . µ). r.• 
• .. : .• • /:_'. ··· •. ·. '. . ~- '•: •• • ·•. • :. • • I .• •• : (23)~ 

· 1,/'iiie c:ont'rih~tior1 ~i low lying 'r~~6nancei with corresponding. qua!1tum 'number~; in 
; ·. . •• ' -•- ' I • . . - •• ·. , • .. . •• ~ . • - • • • • ·~ . • • ' ' . •. • • ' - . ~ • • 

. 'oi1r case by ,,'·meson .. It is likely to be the _only prominc,it. ,iin_q/d pscudoscalar both in 
... :'c-qtiark -::i;1~l gluo;l cha'r1nds . .it tim;s·o,H· that. ducto the a;1tisy~nrnctrican;nsor_ strudu~e. '. 

-· 
' ! 

1 
i" 

J 
' ",.) ..___, 

',. ___ ; ·- ",,· ., ::,, 

·, - . . ; . , . - ' ,;, .· . . , ,. ... 
involved the contribution of ordinary local power corrections.vi th' gluon condensates yan-

. ish identically in the theoretical part of the sum'. rules_. For this reaso~ we"ac~ount for. 
noriperturbative effects introducirig.thd concept of nonlocalgluon c~ndensate [13] which 
corresµoi1d_s t_o infinite series of local ones. .. It ~an be _appropriately decomposed into ·two : . · 

·1.ensor structures time; cprresponding form f~cfor_s [14]: >" . ·· . · ·. · · • ·. ·•· . ·· 
·:·- . . . ' .. ' , . .- . -, .. 

. (.OJ~;);; )Eab;(;;: ~)G~;(~)Jo/ ~ (1:) _{(9~v~pa __ · 9t;Yvi} (nL_(~~)+•; A(x2)) 

•· +(~µ~;~iu +·gprXµXv ~ g}xv~/~;vp
0

Xµ;a/~;x~
2

) r. .· ·.(24)_ 
. ,., .,,.. . ~.' . , . . ~-

. This form ~xplicitits~parates ou'tthe\erm proportional to_DNA(x~)· ~hich viol~te 'the 
. abelian Bianchi identity, whilethe ·second ,te~m sati;fies it: . It was shown tliat linear .. 
co~fine~ricmt o~curs when _DNA(x2) is' pre"sent in' (24):while the second :term does nC>t 

: : contrib~1tc ~o the string tension [14) .. ,< _. . . . _ .. . 
In ,th~ 'calculati'an of /~l arid f ?l."constants ci~ly abelian. form factor: contribute. We 

> •• , rJ .; 11 ·-- . . ' : .' .'" -
prescnt,itin the form' of 6,-represeritationjl5]:. ' ·._·.· · > -•· . · . .·. ' , · ~ '. 

. DA~x~/~100

daf~/~,>.~)_~;{'. 

· •·- · arius~ ~ ,5j~h~ped ans~tz. f;f the di\,tribhtfo~ fun~ti:ujJ (a; ;\ !): ,,..;·•':. l: .. -_:,~ · .. , ,/ ',•,;_:. _,:-;:~•;- :.:·::,",; .:1_·~ •.· ;-,~- ,, ' -. ~ •.• , . . ' 

1tc~,1!) ~\5(a~~!); 
••, • :• - : ~ • <• \ > • <' 0 ..._:• , )", ' , ,_, < • ' • " - 0 , ', / •~ , 0 • • ••~' ,' • •• 0 '. '"--'•• C _.' • • '•_' •: .; 0 • ,, 

.· wherel/>.A is an .ahelian correlation length of the vacuum fluctuations, _it can be expi.-~ssed 
in. terms of vaciium:coridensates··>.! ~ ~g2 (uu) 2/(G2

} -~ 0.03GeV2.at'lG~V2 [16]: · ·' 
Proceeding in the standard way we obtain the following sum rule: . 

-. ,__ - , .·· . '" - ' , '. - ;,/, 

m2,fq•J_<:>e~~-~; ~--_if2N1a_._ ._·(. :..£N,a, __ ;;E;·( So·) .. +N'(°'•a2_):x!•.·(1_ -~- >-! )) ' 
q · q ____ . ·: -. , 4ir-- 31r2 4r. · , M 2 3- -r. · M-2 · · :M2 . ' -: .• ,<. -, . . ·•· •.i · ._·· . .. ; ,' :: , . _:, (27) 

where . - - · · .. - · . x2, ':_;_x-

.. ~)e. _'. . 

while:t{e ratio _If~~>; J~fl ,-~· 1/i40 tuins 6~t ve;Ys1!1a1i~n~ ;e n~g~ecf~he .~ec~nd ~~nsti~t. 
· .. • in the following analysis.·· ·. · '-· · · . . . 

. We stress that due to the fact that one of the gluon cU:rrents has nonze~o Lo~eritz spiii 
.· le~ds· t~ the ~bsence :or directfostanto'ns tn the polarization ~pet~tor: 9£ inkrest' [17], In 
-:· 'the cor~elator considered the power correction_ are' small a0:d _we see.no reason why the 

• l~cal duality hist~ -faiL Tlien: taking the limit M 2 • .:.:. ·oo ~w~ obt~in: .. :<.. - .'. . . . . • 

··· .. ·. 21· .-1-_·<~~- _ N~a • . ( 1 N_ 10:_.:sg°'-•••··_N/(·a_._G2_-).'_ 2_).:•_, 
m, , -- --- ------+- - "A 
--~ _q ,q' ... Air. -31r2 :4ir ,6 . 3 .r. .·•• 

,- i •. --- -· ,' ., - • •' . '. ~ .. 

-

:,;~,1~';, ;.r,r..--.nf;n111~~-:th.;.0C!l,n1rt ·;~ t~lrOn f,;...,,;;, +h·~ ·•:u,-~lueoi~' n'o~fr\rm~rl :·;n ~r1Q •. 
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Fig.3. Effective axial form factor nor~alized to the'.singlet axial 
constant: . QCD sum rule' predi~tiori .for ~ = L2GeV2.:shown by 
solid'curve ahd for r.= l.7GeV2 by da~hed curye, 

',.,.-' 

We ~~e th~ standard ITEP values of condensates rescaleclto th~ normilization poi~t i • 

µ,.2 '-:' mJ.r ,,_, 1GeV2 with the approp~iaJe an~malo'us dime~sioris: {uti) = (....:.0.257GeV)3; · 

' .. , 

·,.i . 

the .authors ;<lid nol '. come 10·: t hr·, reasonal]IC',-quant it at i\·e. µredic:t ior1 of the singlet ·axial•. 
constanL.And it was conjccll1n·d that ·1hr OPE' breaks dm;_·n for the singlet axial curr~nt 
in the axial-11~c/co11~11i1clco11.Ycrlcx.' !Iowevcr,wc did no1'.:obs<'i{:e_a,iy cYidmcc of the 
divcrgcnc~ of tlie OPE in the, corrclatbr under i1~vestigatio;1:' the COI;tribution of the 
highest dimcrisi(m vacuuni conclansatC's unsuppn:ssi>cL_by a number of loops isabse,i ·, , 

. ·. ' . , ' ' •' , . ,, ,. ' _· ' ' . \ 

: • A possible line ·or developmcrit would be to 'i.•stimafr twist-three gluori contribution 
iiltci,thc nionwnts of the trausn•rse Bpin stniclt~ri• function g2 : [211. twist-two·µolarizcd 

· gluc:i1 'distribi1tion in the nuclc'On'. ·. Ilm,·cv<'r, 'the latt ere would require an 'elaboration ,of 
t )ip, 'prcKeduw for. sepcratLm1 cif the_ large and sm~II :distances in the dfC'ct i\:~. fciur-poi11t 

· corrdator. · · · · · • · · · · ·, ·:. . · 

Acl.:11owlcdgmcnt.~ .• \Ve 'would likc to. tha,;k A.E.Dorokhov. A: V.Efrl'{1rm•,-~:\TJ~oclie-
lev, S.V.i\clikhailov, A:V.lfadi·ushkin aiid i~.Huskovfor useful 'conversations': One°of.thc 
m;thc~r~ (A,_J3.fare C'S(l!'cially gr.;tef;il io S.:\likhailm· for' lllill!.Y fruitful discussio,;s.: Tl;is_ 
work was supporkd by t hP Hussian Foundatio;1 for Fundanwntal hl\"<'stigation under 
grant · N !Ja-02::18 I I. .- ·, . . . 
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