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In paper [1] the questlon on the status ol' the Cre\vther relatlon [2] in QCD has
: o been 1nvest1gated In fact; using the update results of the multlloop ca.lculatrons =

R the’ relatlon between the c0eﬂic1ent functlons for the deep 1uelast1c and’ annlhllatlon

" processes ha.s been considered. The authors of rel' )] have pomted out various 1nter- o
‘ estmg Propertles ‘of this relatlon Flrst of a]l rt has been shown that the correctlons;.“' T
‘of type Cpoz,, C ,.-oz and Cial are cancelled 1n the product of coefﬁcrent functlon

" from the Bjorken sum rule for polarlzed deep melast1c lepton-hadron scatterlng and
~the ‘Adler functlon for the two—pomt correlator of electromagnetlc currents. It has_:

“ also been pointed out that the survrvmg correctlous in the second’ and th1rd orders“ s

f'_‘of perturbatlon theory are; grouped y1eld1ng the t“o loop ﬂ functron The result

y 'jobtamed in ref. [1] has the l'orm B

CBJ(H’)CR(G’) = H'ﬂ ( )ll\rcpa..+(1\2NF+I\ACA+I\FCF)CF&2]+0(G4), (1)_" ;b:\ S

‘ where a, f a,(/t = Q’)/47r Np is the numbel ol' llavors C'A and Cp are the Casimir

; :‘Voperators (nQCD Ca=3, Cr= 4/3), ﬂm(a,) = pal+ pyal + O(a‘) is the QCD =~
o ﬂ—functlon in the two—loop applo‘(lmatlon It is nuportant to pomt out that tlusﬂ;'» ’

functlon does not contaln the terms of type C',.-"l N : (N > 2) The numerlcal‘

jmultlpllers in eq (l) are determmed as -

~
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1\1 - (—— ¥ 124(3)), : 1\2 - (—~ - —qsn. | 1\,4 - (-—-— i -—c(s)). |

Kr= (— + 136((3) -~ 240(, (o))

' i The coefﬁcrent functlon CB_, from the Bjorken sum rule for polarlzed deep 1nelast1c -
lepton‘hadron scatterlng is’ determmed through the followmg operator product ex-k

P

/TV (-"’)Va(ﬁle"”dfllpzl-;; ~ CBJ( .)€°‘3""’ A(s)x(0)+

- Here V denotes the electromagnetlc current A(3’\ is. tlle tlnrd component ol' the ax-
\ jal 1sotr1plet (1nterpolatmg curreut for, 71— meson) I‘he expressron for this coeHiclentf’:
S function i is lmown in the’ two—loop [3] and. three-loop [4] approx1matrons of pertur-
o batlon theory In ‘the leadmg order it has the form CB,(u,) =1= 3Crad, +. O(a’) :
The quantnty CR from eq (1) 1s Just the coefﬁc1ent l'unctlou l'or tlle branclnug ratlo

of ete~-annihilation into the hadrons. This coefficient function is also known in the

two-loop [5] and three-loop [6] a‘pp‘roximatio—ns. The leading order result has the form

Cr(a,) = 21(?—’) =1+3Cra, + O(ai),

where the Adler function D(d,) is defined as

D) = ~12 T, [T AT ADOI0) e = (gaps® = aea)Ia")-

The aim of the present investigation is to.elucidate the reason of cancellation of
the Cra,, C2a? and C2a? corrections in the Crewther relation and to generalize, if
possible, this low to the higher orders of perturbation theory. -As it will be demon-
strated below, the observed cancellation is intimately related to the speciﬁc structure
of the anomalous triangle and the Adler-Bardeen theorem [7): " - S

Let us consrder the following’ three-pomt correlatlon functlon i
Tyualp, q) / (OITA(‘”(y)V (z)Vs(0 )I0)e"”+“”dzdy = G(¢? ,p )epap P’ +

+CZ(‘1 ' P )(qaﬁ,‘gp,-ppq = QoEpaprr?’q )+ (3(‘1 »P )(Pasuﬁp‘rppq 'l'PBEuap‘rppq )a (@)
where the expansion over the three mdependent tensor structures is used (the krne— '
matical condition pg = 0 is also assumed, for details’ see ref. [8])
..Following the ideology of ref. [2], we consider the operator product expansion for
this correlator in the limit when lp | = oo. Now, usrng the: relatlon for the various

tensor structures [8], it is easy to denve that

Toap(pra) — E;fcl?j(aalnl(qz)(Qc;éuﬁpfp_qu ’Qﬁéuaprpp q7)7
consequently B R B
(a(g% p? )|lp2|-oo 12p203’( )H(q ) R C )
On the other hand requlrement of the’ gauge 1nva.r1ance leads one to the Ward

1dent1ty for the Green function under cons1derat10n In our case the vector Wa.rd

identity takes the form [8]

6%, 7%) = PGle"p') + PGl ).
leferentlatmg th1s expressmn with respect of ¢* and taking into account that the
function Cl is just the nonrenormahzable c—number (Adler-Bardeen theorem[7]) we
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get the followmg equatlon for two other mvanant functions
(ihrennc gl KRPETV
’} uwms ucmm:;aﬂ
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Pl ) = 7 (e ) = Gl ). @
It should be noticed here, that the statement on the one-loop behavior of the axial
anomaly has not strict sense within the perturbation theory. On the language of
operator relation the one-loop character is achieved when the normahzatlon of the
axial current is strictly ﬁxed in accordance w1th the relatlon (As)Re" = 715(As )Re"
where (A3)Fe and (A, )R”‘ dencte the axial and vector vertex functions respectively.
However, this condition does not guarantee the absence of corrections on the language
of Green functions (in our case the absence of ‘corrections to G). As it has been
shown in ref. [9], there are anomalous graphs containing light-by-light subdiagrams
which cause the 'renorrnelization of the,axial anomaly on the language of Green
functions. However, in our.case when the axial current,in (2) is the flavor nonsinglet
one, diagrams mentioned above renormalyze the quantity (i in the second order
in the fine structure constant, but not in a2 order Hence, neglecting the higher
electromagnetlc correctlons, we are able to postulate the one—loop character for (;.
" On the other hand, under the condxtlon [p | — o0 a.nd in accordance w1th the eq.
(3) we have , '
(127r)2 2

‘Let us now expand the expressions for the quantltles (2 and (3 in powers of ¢*[p*.

¢ 3ta(d ) = ~Os(@)Cr(@). )

Cz(q ,P E( Cga i C3(q sp Z( C:;lv

P k=0 P n_o

here ¢} and C§ are dimensionless coefﬁcients. Su‘bstituting these series into the.eq.

(4) one gets

e Cz(q ,p°)
d 2 k—O

‘Comparlng now eq (6) with the relatlon (3) we obta.m the followmg formulae for
the product of CB, and C’R
e Cai(a)Cala) = G + o
(12 )2 2 3 2
In the leading order of perturbatlon theory (3 + (=N /(127r) In so doing, we
convmced ourselves that the one—loop ora many-loop behavior for the product Cs ,CR

is connected with the renormah_zablhty or nonrenorma.hzabrhty, respectively, of the

s 4

30+ g + NG )

invariant functions {2 and (3. On the other hand, it has been shown in [10], that when
the conformal invariance-is exactly presented in the theory, the general expression
for the three-point correlator function T, has the forr'n..tota.lly' determined by its
one-loop counterpart A5 i

naﬁ(Pv ) K(Tl,) naﬁ(P,‘I)

where K (a,) is the undefined quantity w1th1n the approach of ref. [10] Another way

~of putting it is that in conformal-invariant theory we have [10]

Clez:act — I\’(Tz,) ;mc IOOP, C;z:act I{( ) onc loop, Ce::act _ I{( ) one loop s (8)

However, it is well known that the renormalization procedure violates'the initial
conformal invariance of the.massless QCD leading to the anomaly in the trace of
energy-momentum tensor [2] [11]. The expression for this anomaly [11] in its turn '
indicates that the factor 3(,)/(@,) is the measure of violation of conforma] invariance
within the framework of perturbation theory. On this basis the relatlons (8) could
be rewritten in QCD as . ‘

Ce:act I{( ) 0"3 IOOP C;zact = [K(&,) 16( s) v2(P ,q2’ ‘—18")](;"5 looP;, v

Ce:act [I{( 16( )‘Ua(P ’q , ’)lcone loop

where v and vs’are dimensionless functlons satisfying to the Ward identity 4).
Arguing now, that in accordance with the Adler-Bardeen theorem (c=ect = (¢ P,
we obtain K(a,) = 1. Hence, the invariant functions {; and ‘(3 are renormalized
in the higher orders of perturbation theory by the multiplier containing the factor
proportional to 3(@,)/a, beyond the unlty This fact leads to. the following expressron
for the product of Cp; and Cg

ﬂ(aa)

4 Cp;i(@,)Cr(4,) =1 +—=r(a a)a

r(@,) being polynomial in powers of @,, which is not fixed in our approach. - !
In summary let us stress once again that in this work the reason of cancel]atlon of
the C¥aY, (N > 1) type corrections in the product of coefficient functlon from the
Bjorken sum rule for polarized deep-inelastic lepton-hadron scattering and the Adler
function for the two-point correlator of electromagnetic. currents has been investi-

gated. It has been shown that the mentioned cancellation appears as a consequence
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of the Adler-Bardeen theorem for the axial anomaly. It has also been demonstrat-
ed that. all surviving corrections are grouped producing the factor proportional to
the quantity 8(d@,)/a,, which in its turn is the measure of violation of conformal
invariance in QCD. » :
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On Connectlon between Coefﬁcrent Functlons for Deep lnelastlc
and Anmhrlatron Processes e

i lt has been shown that the one loop behavrour of the axral anomaly, occumng
‘when the axial current is approprlately normahzed leads to the cancellatlon .of the

correctlons of type CN N (N 2-1) in the Crewther relatron for the coeffcrent

ffunctlons of deep mt.lastlc and anmhllatlon proeesses
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