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‘Smglet Axral Constant from QCD Sum Rules S Lt

We analyze the smglet axral form factor of the proton for small momentum
z'transferred in_the framework of QCD. _sum rules using: the 1nterpolat1ng ‘nucleon
: current whlch exphcrtly accounts for the gluomc degrees of freedom. As the result
_we come to the quantitative prediction of the slnglet axial constant Itis shown that
!the bllocal power corrcctlons play the most 1mportant role in: the analyslx
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In'the last several years there has been an’increasin mterest in the deep rnela.strc
ucture functlon g1 (z) ‘Tt was provoked by the EMC Tesult on: the sca.ttermg of the
longrtudmally pola.nzed muon beam on.a longltudma.lly polarlzed hadron ta.rget The
unexpectedly smriall a.symmetry found by" ‘EMC: has led to the’so: called "spin crisis in .
the pa.rton model” and has rarsed a number of questlons ‘about the understandmg of the
dynam1cs of the proton spin- on’the’ parton level namely, how. the ‘nucleon sp1n is” bulld_"
up from the: spms “of its: constltuents An enormous flood of theoretical 1nvest1ga.t1ons wasf : o
gencratedj in orderlto resolverthe current spm problem” [1] The EMC measurement of - -

[

be mterpreted as'a'measurement of the’ smglet axial consta.ntKG(
last ‘one turns out'to be' unexpectedly small in contra.d1ct10n w1th the naive pa.rton model
where 1t is fa,lrlyfclose to umty The EMC reported for G( )(0) the result wh1ch is.com- .-

be extracted rel1a.bly from the data. on neutron a.nd hyperon ﬂ deca.ys In’ thlS paper we"
3 T ich till: now seems to be the




QmNG( )((]) at’ Q= 0.

elements of. quark gluon or gluon operators one faces the evident calculatlonal drfﬁcultles,

‘,‘\ moreover the’ ﬁnal sum rules are aggravated by extra UV. logarlthms due‘to mxxmg of -

‘ operators and therefore the’ calculatlons are affected by noncontrollable ‘uncertainties [6]
In field theory, the usual statement that the nucleon cons1sts mamly of the three quar
, means that the 9 quarks =03 quarks Green functlon (three quarks are .in'a state: w1th

: nucleon quantum numbers) has the pole at the mass of the, nucleon; w1th total angul
e " momentum J. =1 with a’ sxgnlﬁcant residue. - The fact that the nucleon 15" not _]ust a
e three quark stafe means that. the nucleon pole ‘also occurs albe1t with smaller residu

: to introduce’ a more comphc ted 'nterpolatmg proton ﬁeld Whlch expllcltly conta1ns the
o gluonlc degrees of freedom ;

he latter was 1nvest1gated in ref [7] and checked in’ the calculatlon of proton gluonlc
form: factor normallzed tothe fract1on of nucleon momentum “carried by. gluons Recently,
: makmg use. of th1s current ‘the twist-3 and twist- 4 correct1ons to Bjorken' and Ellis- Jaffe
-sum rule were found [8]. The" advantages of this current are stralghtforward ‘the. calcu-

- are not removed by the Borel transformatlon R

“In the usual approach the nacleon matr)x element of local operator can be extracted

from the three pomt correlatlon funetion ‘which’ can be approprlately decomposed 1nto
several tensor structures jIn our case 1t looks llke )

7 i practlcal calculatlon‘l 1s‘ advantageous to consrder the W(l)(
- _lower dlmenslonahty Another reason 1n fa.vour of th1s ch01ce is'{
- thefictitious’ klnematl g

5\(111var1ant amplltude we'can wr1te the double drsperslon representat1on:

in"a Green' functions: such as 3 quarks+g -3 quarks+g For this ; eason oneis: forced

: latrons are srmphﬁed drastlcally, sum rules are’ free from the add1t10nal d1vergences that ,

where Nf is-a number of ﬂavours (later Nf = 3) Ta.k1ng the dlvergence of eq (2) fori o
- “singlet axial current and' makmg use‘of the last expression we: come to the relat1on ‘which-. e
d1rectly connects in the chiral: llmlt the nonforward ‘matrix elements of. gluon operator o
-the effective form factor ZmNGeH( ) = 2mNG(0)(Q2) + QZG (Q ) that is equal to the

'2: As a rule, all calculat10ns of the nucleon characterlstlcs use the partlcular three- T
quark current introduced by loffe [5] When ¢ one makes an attempt to evaluate the matr1x S

.Dl pz,q2) because of. 1ts

“"all the momenta (= p) ~. (

Y ,.‘frorn the OPE of T-product of nucleon currents The bllocal power correctlons ‘cannot’ be_
o idlrectly calculated in perturbatlon theory but we can wr1te down the d1sperslon relatron, i
e ‘for them s : EEE 5 E

R =1y which" we will accept in the’ following for the Borel parameters) for ‘bilocals -with”
17 the coefficient function. conta1n1ng the quark condensate. “All other bllocals correspond to‘ -

el
R ~

where the elllpses stand for the polynomrals in p? and p2 wh1ch d1e out after the double'

Borel transformatlon has been applled For the physlcal spectral denslty we have accepted
the conventlonal resonance plus contmuum model L L R T e

£ ,Vo(srl,slg,Q y=m mN/\éQmN (})f(Q )6(51 mN)6(52 — mN) .
: ‘ +pcont(sl,521Q )(l - (00“51)6(00_52)) (7) ‘;r

The functlon in front of double—pole term it isa comb1natlon of form factors we are mterested 5

“in up-to certain’ overlap /\G between the state created from the vacuum by qG and the l'. .
- “ nucleon state : ‘

: oma(owv(p;x» Acu‘”(p) <8>'f-_.;
So our ‘aim is the evaluat1on of the correlat1on functron (5) in- QCD In the case’ when, A
pl) i~ Q2 are sufﬁc1ently large (of - ‘order of 1GeV2) the .
leadmg contrlbutlon comes: from the- domaln where all’ distances are ‘small.’ ‘Thus ‘the. -

“standard machlnery of: short distance expansion are apphcable allow1ng to express the

- final’ result in terms of: quark and gluon condensates The problem modifies- drastlcally_"'w

- if the squared momentum transferred become smiall (Q2 & (—p?)).bécause the relevant
- channel distances can be large. In ‘this case the OPE has'a twofold structure [9]. Terms

of the ﬁrst type ar1se from the SD(I) -region when all 1ntervals 7%~ y ~ (z y)2 are small. ” 2
Another contrrbutlon comes from SD(II)-region (bllocal power correctlon) wh1ch or1g1nate’; -

from d1stances T2 So? >> (1: - y)2 The necessity: for the bilocal power: ‘corrections’can . " "

be traced’ from the fact that the ordlnary QCD Feynman dlagrams contr1but1ng to the<

Therefore we have to subtract such perturbatwe behavrour from ‘the correspondmg gra.phs' B

: and add’ the exact” correlators Wthh account for ‘the- nonperturbatlve eﬂ'ects and thus R '_:k

possess the correct analytlcal propertles as Q2 goes to zero [11]

o assummg the standard spectral den51ty model w1th contlnuum startmg at some threshold-"'f;j :
8o “and ﬁnd1ng in‘some way its parameters We always do_ th1s constructing the auxrllary
“sum rules.. There is no need-in additional subtractions i in eq.(9)-because one always

deals with the difference between the ”exact” bilocal ‘and its perturbative part, so due to

. comcrdence of the1r uv behavrours the subtractron terms cancel in this dlfference

/Calculating the bllocal power- ‘corrections we. a.ccount for the: lowest tw1st 3 opera.tors"!‘i'i ,
“becanse we _expect the hlgher twist contrlbutlons to be.rather’ small} ‘As can be easily
traced from the ‘eq. (10) such‘a contribution- arises only . (1n the symmetrlcal ‘kinematics

the next- to—leadmg tw1sts and thus w1ll be omltted below
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The functlons I represent the dxﬁ'ercnce between the perturbatlve part of thc bl]O- I

: cal power correctlons (the qecond row in ﬁg l) and the contmuum coutnbut:on mto thc - ;
exact” bllocals : . . 5 : R :

". - R «/,u 5 ‘ v'"/2 JERN ey : : i -
-(W” * |t (m@ )2 et )

s As can be: easlly seen the exprcsswns in the brackets in oq (10) ‘arc, frce from logarlthmlc
b n0n~anaht1c1t1es they are- replaced by'~the combmatxon so + Q2 w}nch are” qafo Jin the L
: llmlt Q? — 0. -~ 3 SR, A " .

We state, that contrary to the refs :[8] wherc the sum ruks wrth the samme mterpolatmg

e fnucleon ﬁeld were; dommated by: the contrrbut]on from’ the hlghest dimension _operators
[ our sum rule does not affected by them Lhe coefﬁcrent functrons that are, determmed to



g.2.Leading tyy'ist bilocalupower’corr(:ctxon,

the leadmg accuracy’, b) tree and one-loop: dragrams'\amsh 1d(‘ntlcal - lhcrcfor( we do
riot ‘meet the problem of: brmkdown of OPE for { (orrelator in qu( stion: - l‘hr Jast linein:
€q.(10)’ represents the: lcadlng brlocal correctron, c the graph in fig. 2T hc functxons i
~are the ‘wave functrons dcscrlbmg the: lrght conc momcntum drstrlbutlon of. gluon msldc
‘meson In the followmg we will take for thcm e asymptotrcal form which secms not:far

T 26 2) )G

- mvolvod thc contrlbutlon of ordmary local power correctronmrth gluon condensates van-.*!
“.ish ldcntxcally in‘the- theoretical ‘part_of the sum!rules. For this reason we “account for.
N nonpcrturbatwe cffects introducing. the concept of nonlocal gluon condénsate [13] whlchi i
L corrcspouds to 1nﬁmte serics of local ones. It can be approprrately decomposed 1nto two S
‘ ‘.f‘jtcusor structures trmes correspondmg form factors [14] E '

@ {(g;ug,w =5 (DNA@ )+ Dmﬂ))

)E“b(z 0) :;(ti)]h__);f

‘ v+(guu1'pxlﬂ+gpazu1'v ~ Qg Ty T

'where l/ A'lsan abellan correlation length of the vacuum ﬁuctuatrons itcan ‘be expressed

n tcrms ‘of vacuum condensates /\2 A= —g (uu) /(G2) ~ 0 03G6V2 at’ 1GeV24[16]




sohd curve and for 1:—- 1. 7GeV2 by dashed curve

- We use the standard lTEP values of condensates rescaled to the normahzatron pornt j
S~ m ~1GeV? with the approprlate anomalous drmensrons ( ) = (=0. 257G6V)
S m0 = (ug(aG)u)/(uu) = 0.65GeV? and continuum’ ‘threshold o = (1. 5GeV)2 Ll

U7 The resultmg behayiour of the form factor is ‘shown in ﬁg 3 correspondrng to two

: »values of Borel parameter T= Ti ,__Tz sohd and dashed curves correspond to the values’— L

S ‘4. Because the axial constant is-not a. renormgroup 1nvar1ant we have to: evolve rt
e frorn QCD._sum. rule scale (R~ lG'eV2 “up to'the. one of EMC- SMC exper]ment whrch s
At ’,Q2 = 10G'eV2 explortrng,the one- loop solutron of RG equatron R DU : :

: "?:“T =1.2GeV? and =1 7GeV?. respectrvely R RO

g w1th the accuracy not to be worse than 30% Errors are due to the T dependence of the 5

7 sum rule, the. uncertamty in'the. value of. contlnuum threshold S0, and the brlocal power,:"

= ;,:correctlons omitted. This value are in good agreement w1th the new, world average value‘ :

G ,'y‘for the smglet constant. N A e e R :

Numerrcally it:is the brlocal power correctron that the most rmportant whrle.all‘ de. .

P pendence on the partlcu]ar baryon current are absorbed lnto coefﬁcrent functlon Wrth;*

- the fact.on hand we come to. ‘the same, conclus1on as the authors “of ref [19] that “the -
e suppressron of the ﬂavour srnglet component of the first moment of 97 observed by EMC-_.
7 SMC collaborétion s 2 target 1ndependent feature of QCD and is t the property of the'

-~ proton structure. " : i

‘ In ref. [18] an attempt was undertaken to evaluate G(O)( ) by QCD sum rules 1n a way‘.tj P

'—i;srmrlar to; the' calculatron of the octet ‘axial conistant [20] However;:due to ‘the presence N

" of the anomaly in the induced. vacuum condensates the problem differs: srgnrﬁcantly from” - e
: the one for the G(S)(O) Thrs feature was 1ncorporated in, the calculatron but nevertheless T

: !2111( authors dld nol come to 1l|( re asonal)l(“qudnlllat .
5 v(onstant ‘And it was con](‘ctur( d lhat the OPE breaks down for the smglct axial current :

i “the aJ:zal-nurl(on nucleon-vertex. owe \(r, “we did not: obs(‘r\e any e\lden(e of tlle g

J"T-Fdwcrg(ncc of the Ol’l Jin the correlator uudcr m\eshgahon “the comrlbutlon of the 5
‘::lug]lcsl dnncnsron vacuum Londansdtos unsuppr(‘ssod b\ a number of loops is ‘absent.. -
CLNTUA possrblc line of dc\elopm( nt \\oul(l be'to (s(una(e twist- three: gluon comrlbutlon
L into the moments of th( trans\('rs( spim slru(lur(' function _qz ["l] t\usl two’ polanzed
: gluon d]stnbutlon in the nu(l(‘on llo\\(‘\'(‘r \l\c laﬂ(r would require an Llaborahon of

correlator.

:Fig. 3. Effectrve axral form factor normalrzed to’ the s1nglet axral
. constant QCD sum rule predrctron for 7 ="1. ?,G'eV2 shown by.«' e
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