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The (CD sum rules method originally suggested in the pione-
ering paper [ 1] proved to be very effective for determination of
masses and couplings of low lying mesonic {1427 and barionic F37
states. Two-point functions of various currents were uged for
that. In refs. /4,57 three-point functions were considered, the
sum rules based on a double dispersion relation for these func-
tione were obtained and the pion, p = and A, -meson formfac=-
tors were determined. In ref, [6] the snalogous approach was
undertaken to determine the c?ﬂ!p.?f coupling constant from QCD
sum rules. The Borel transformation wae used to handle these
sum rules. It was originally Proposed in ref. {17 in the casge
of one variable and generalized in refs /4] to the case of two
variables. The Borel transformation in two variables is conve-
nient when formfactors are calculated. It allows one to supp-
ress high order power correctionas in the operator expangion and
the contributions of higher resonances in the channels of inco-
ming and outgoing mass-ghell particles. It doesn't distort the
Tesonance contributions in the third channel.

when all three particles are coneidered as lying on mass
shell the contributions of higher resonances must be suppres-
sed in all three channels, i.e. it is convenient to use the
Borel transformation in three variables. An additional advan-
tage of this procedure, from our viewpoint, is its technical
simplicity. In the present paper the triple Borel transforma-
tlons is used for determination of Qwﬁx coupling cons-
tant from QCD sum rules. Earlier this constant was found in
ref. [6J with the help of the double Borel transformation.
Our result differs from that of ref. [ 6J.

Consider the procedure of the triple borelization of an
arbitrary triangular one-loop Peynman diagram (Fig. 1). When
calculating this diagram one obtaines integrals of the form
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I(J;,J},J})=fffzv).ﬂ":_/z.§.4{.4a/a;a/x, (1)

Here B =xx 5, + X2 * S, 0, S = -7

are the kinematic variables, A are the Feynman parameters,
xff,t':f-;\} = - The Borel transform of some function

£ (S) in veriable S ig determined as
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where I is the Borel parameter and the integration contour
runa to the right of all the singularities of the function
Fs) [1]. We want to calculate @Ezd}ﬂ (T, &, f_;) . We

have
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where I=ffﬁ‘9ﬂ ;‘ﬂ - a/.-t", a{r‘ . . Borelizing / in
_5_} and substituting x_}x,"= € XXy =¥ ye obtain ex-

pression of the form fft’dg W!J,'ﬂf-ﬂ-i}z‘_r'f- Vg {‘;’)d(ﬁ'd/v

It can be easily borelized in
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two remaining variables:
o
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The formulas (3), (4) allow one to perform the borelization
in three variables by simpiy writing out the expressions for
diagrams in terms of Feynman parameters and differentiating

in f‘- » 1f it is necessary.

Now we turn to calculation of the vertex function of two
vector and one axial vector currents

Apwi (,%) = - [y ezotigy—igx).
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Aﬂpj can be represented as the sum of six independent
structures [&,7, which can be chosen as J}#M e AdLA & v
Scuad = Cuvdw Y2er L3y T v g e
GuTod =~ Yewlp » %uloq = 5 %p . Here §= 9-3,
?=$+ﬁ « S0 We can write -
e + L

Aﬂﬂfl = ;f"ﬁ J}ﬂy,f * f“ IEﬂHA -fp ’:fi a4 P ()
where XS are some functions of kinematical variables J;:,-E,{,-
Jf-; is contributed by 0™t and 1** states in the axial vector
channel, whereas f;«‘) éﬁl - by L states only. Saturating
the vector channels by @ and £ mesons and the axial vector

channel - by pion we come to the following model structure
function:
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The constent Fogpsxr is defined by the amplitude of w-prr
transition, -fﬂl’ﬂ.# é‘yﬂ; ﬂ"ﬂ Por Erm €20, where &,&;
are the polarization vectors of & and £ , respectively. The
constants f!‘ and &y, where V= c&r or P, are defined by

the relations (ﬂ/,f:f/ﬂ"} - -f'fxf;; ’ J’} =g3iMmeVv |
fﬂéf;‘fﬁ’) = ij’: E » Where ';q ia the polariza-

tion vector of meson V.

Alternatively, ,)fp can be computed with the help of the
operator expansion. The ground term is given by the quark
loop diasgrams of fig. 1. Calculation with the help of formu-

las (3), (4) leads to
L5+ 8 )r 2.0
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In the particular case 4 ="~¢';¢ this expression can be deri-
ved from (8) of ref. /67 by means of borelization in Q%= 5,.

Gluonic corrections are computed in the fix point gauge,



,\;‘Aﬂ (X) =0, It was first introduced by Shwinger (7] for
the motion of particles in the arbitrary external field and
uged in ref. [4] for the calculation of QCD power corrections
in the case of three-point functions. Choosing the coordinate
origin in the axial vector vertex we obtain the following

expressions for each of four diagrams presented in figs.
2a-2d:
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Adding these contributions we arrive at the simple ansgwer
~(468 £, %=L <2 S (;

This result doeen't agree with that :}f ref. [Eu]. So the cal=-
culatione were repeated with the coordinate origin taken in
the vector vertex. Calculations, although more complicated in
this noneymmetrical approach, led to the same answer.

Quark condensate corrections are given by the diagrams
of fig. 3 (only those diagrams are shown which aren't nulli-
fied by the triple borelization). The result is

Y_ 2x 11)
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Equating the model and calculated structure functions we come
to the following sum rule:
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In principle, one may fit this sum rule varying all three pa-
rameters f,‘, 2:1} f independently. More simple way is to put
L=l =03 = . Masses, constants [1]311& vacuum avera-
ges [4 ] are as follows: 41’3;‘? =J, 'ﬁ/ 4:}7 F—y aad?é:,
x5 G2 = 0.012Gev, o cau>2 = 6, /a'fa'ey"m’z
XA Y-

Then we come to the following sum rule (fig. 4, curve 1):

Gwpn =374(t*- 0 18+ L) ezp 2 (13)

It is seen from fig. 4 that there is some region at
t ~ o, 80+0.85 Geﬁ.p'2 corresponding to ﬂ‘;?:’l & 10 GeV
where the curve is cleose to horizontal one. Gluonic correcti-

on reaches 25¢30% of the total result in this region.
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Now we shall try to eestimate the correction to the ob-
tained value of gwﬁ;, due to the A,r megon contribution in
the axial vector channel. To do this, write down the sum ru-
les for J‘}A g fz,q and )fb ‘entering (6). The amplitude of
w-—;A, transition has the fc% waﬁf "'fr@ar
=£. ‘Eﬂ'ﬂa"d'?d' iéﬂ'éﬁ y%h two constants 3 gz :

em,', f_';;" &y Gre &, p Ay polarizations. Saturating
the axial vector channel by /T and /4, contributione one obtai-
nes

2 g z
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0 /722 722, — /725 (14)
*/592* ""’;zz f)&/um r 1

4




¥ Zi—fz-f-_ng____ #
7t %‘Q&f“%’]'

G - e ) 5

l gt - ¥ "
TE S G Y G R e G By - o
CR g - )

Further, one obtaines in eddition to (8) from the quark
loop diagram of fig. 1

~(L 88 £%_L__ LLG-1)
f% J"f"/lf 76w (Z;,;z;‘:‘zf:)J } (15)
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Pu‘t:tzi.ng Z;,:fa = zfy) Z‘J = ;, or Z':TJ ﬁ=ﬁ =&,
mr= ﬂf‘. =MF and equating Aﬁg and theoretical
/’/l‘-FJ one arrives at the following sum rules:
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Choosing the following typical scales Zy = &, =

= A6+08GeVv: |, Zy=mi = A955er? e
Obtain the (positive) correction 9¢10% to ym;- on account
of ,4,, meson coniribution. Roughly speaking, the residue of A,

8

es)
pole in ff is twice as small as compared to that of 7
pole.

As for the ﬂf{hﬁ'}l and chnntributions to ffgy, they
are opposite in sign to those of 2 and & [6], as it follows
from asymptotic behaviour of the corresponding formfectors
(according to the quark counting rule there are no terms
~(momentum) 2 in their asymptotics). To find the upper limit
for the effect nfﬂ" 5 Wfon fmyﬂ— put their residues in
;ﬂrrm equal to the residue of @& =—» 20 in absolute
value. Then, saturating ff‘a by P, Wfﬂﬁ; Wﬂ"fﬂ'
rule end @PA, contributions one obtaines the following
sum”(fig. 4, curve 2)

P
gwpn ={f-2. &rp(—z’.ﬁ?-t"}'—{ e@"f":#'f OJ 3{1‘9“?)

where §(%) stands for the right hand side of (13). Here Ay
residue is put to be equal to 0.5 of J residue, as it was
established before; the values M;: #ﬁ?;vﬁﬁfffﬁyz :

172] 2z 1. 4¢GeV? were used. Arrow A depicted in fig. 4
indicates ¢ for which both the leading (gluonic) power cor=-
rection and continuum contribution reach 30% of the total. We
may choose the best value of Lae/px as the middle point be-
tween the curves 1 (no continuum) and 2 (maximal effect of
continuum) at this £ and write dom Qegox = 725V
with the accuracy 30%.

It is worth noting thet the experimental restriction on
gwffx' can be extracted from the g ‘—» T *7 I °x°
decay width /(P> T 'W"2X°) < /(p’> $X) 22000400 MeV
(the author is indebted to I.B.Khriplovich who pointed out
this circumstance). In turn, /(P> @Xx) </ (P’/»r'm2r*)
(in fact, ﬁ/"'"-‘ffﬂ' is probably the leading mechanism [8]).
So we get 5 Gev™! as upper boundary for f.u:p{a-. Correspon-
ding correction to fLarps on account of P2’ will be € 5%
in our calculations. However, there possibly exists some
structure ( Pr7.25)2 ) at £ 1.25 GeV in & channel with
!'(?MZE)?"" ﬁﬂ".?_?;) o= 200 eV fB], 80 v 25)7a
7~ 10 GeV '. It can well contribute to the V-
-channel giving rise to the correction <~ 30% to g“g}#
in the framework of our approach.



fe present here the experimental values of éﬁzﬁp;r used
in ref. f&l (the superscript indicates the decay from Whicfif
the value of 3W_P?T was extracted): & s r’ffeVJ

- T e r & aq?ur =
gr{:;f:r 'rj___. /46’&1/}1"?‘2;;# J?= 2 VJ:
- 2 & G
igé;?-;r‘g = J2GeV
2 o

- and
and 3‘2? ;xaﬁ are about 20% underestimated due to neglect
of higher resonances in VDM. The value obtained gwﬁﬂ- o
2212 GeV™! agrees well with these data.
with the result of ref. [6] (17 Gev™
connected mainly with the

where g fw-r;'r”

It doesn't agree

Y. Thig disagreement is
difference in the formulas for the
gluonic correction, in particular, with the

difference in
their signs.

In conclusion, the author is indebted to

Ya.I.Kogan for
considering the work,

to A«R.Zhitnitseky and I.R.Zhitnitsky
for helpful discussions and I.B.Khriploviech for reading the
manuseript and useful suggestions.
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Fig. 1. Quark loop diagram
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Fig. 2. Gluon condensate corrections
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Pig., 3. Quark condensate corrections
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The t dependence of the
r.h,s. of the sum rules
(13) (curve 1) and (17)
(curve 2). Arrow A in-
dicates t for which the
leading power correction
ag well as continuum
contribution reaches 30%
of the total result.
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