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Meson-cloud contributions in K— 77 weak transitions

P. Zenczykowski
Department of Theoretical Physics, H. Niewodnicsdrinstitute of Nuclear Physics, Radzikowskiego 152, Kngkeoland
(Received 10 March 1995; revised manuscript received 26 February 1996

Contributions of low-energy “eye” and “figure-eight” quark diagrams to tke- 7 weak transitions are
studied in a hadron-level phenomenological approach in which they originate from meson-cloud effects. If
contributions from cloud mesons exhibit 8) symmetry, only the “eye”(low-energy penguindiagram is
nonvanishing. When the symmetry between contributions from intermediate pseudoscalar and vector mesons is

broken, theAl :% (Al :g) amplitudes are enhancedduppressed The overall long-distance-induced en-

hancement of the ratio of th&l = 3 amplitudes over tha |l = 3 amplitudes is estimated at around[80556-
2821(96)03413-3

PACS numbes): 13.25.Es, 11.30.Hv, 12.40.Yx

I. INTRODUCTION to the subleading terms of the Nl/approach: the Fierz-
transformed contributions, final-state interactions, low-
After almost 40 years since the discovery of theenergy “eye” graphs, and soft gluon exchanges between two
Al'=1/2 rule in strangeness-changing weak hadronic decay§uark loops in “figure-eight” graphs.
its origin still eludes our understandirifpr a recent review Because of the long-distance nature of the last three
see Ref[1]). The dominance of thAl = 1/2 amplitudes over mechanisms, their evaluation from the first principles of

. B . o QCD is possible on the lattice only. In practice it is the
those withAl =3/2 requires a significant enhancement of theK_”T matrix elements that are more amenable to such cal-

former and/or suppression of the latter. While for nonlep-.ations. From these, thé— 27 amplitudes are then ob-
tonic baryon decays at least part of the effect stems from thgyined by means of current algebra. Within very large statis-
Pati-Woo theoreni2], according to which the symmetry of tical and systematic uncertainties the lattice calculat{@s
baryon wave functions ensures the vanishing of thesupport theAl=1/2 enhancement and indicate that the
Al=3/2 amplitude, no such symmetry-based mechanism ipurely Al=1/2 “eye” graphs dominate over the “figure-
available for kaon decays. eight” graphs.

The required effects can be obtained to some extent from The contribution from the “eye” and “figure-eight”
perturbative QCD. Short-distance QCD corrections modifydraphs of the quark-level description must be contained in
the effective weak Hamiltonian and lead to an enhancemerif!® meson-cloudor unitarity) effects of the hadron levéhs
of the Al = 1/2 (suppression of thA| = 3/2) operator§3]. In these_ include all confinement effects; see also Rif]). In
addition, a new purehAl =1/2 mechanism — the so-called fact, it has been found repeated]y by many authors that such
penguin operator — appears. Its contributions add ConStru(E]aedsr(())rr:_cpl)%;csjicesﬁei(r:r:;rg\r/(ieng\]/etrﬁ/eIr;r%%ritza':ir:)tn!sn OT?QZ ;raer?o?ag
Flvely to those of standard | =1/2 op.er'ators. Detalled stud- quark model. For a unitarity-oriented view of hadron spec-
ies [4] show, however, that the original claim of a large

. LT - S 9~ troscopy see Ref§l11-13. Meson-cloud effects have also
penguin contribution is incorrect. This contribution remainsyaan found to be instrumental in several other platdsts.

small even if one takes into account the increase, over thegnsideration of their effects in weak nonleptonic hyperon
value quoted in Ref[5], of the real part of the penguin gecays yields an explanation of the deviation of the ratio
Wilson  coefficient due to the incomplete Glashow- from the naive valence quark model value et to its ob-
lliopoulos-Maiani(GIM) cancellation above the charm quark served values of about 2 [16]. It is therefore of great in-
mass{6]. terest to perform a similar phenomenological analysis of
Dropping the so-called Fierz contributionfhich has  meson-cloud effects itk — 2 decays to see whether and
been argued to be justified in theNlexpansion[7]) does  how they may help to explain relative sizes of the relevant
help a little, but a large discrepancy still remajig In fact, ~ Al=1/2 andAl=3/2 amplitudes. In this paper an analysis of
for consistency with the spirit of the N/expansion, the Fierz this type is carried out. We study tie— 7 transition matrix
terms should be considered along with nonfactorizable termslements and show in detail how hadron-level effects from
of the same order. Starting from an effective chiral Lagrangvarious two-meson intermediate states contributing to these
ian, such subleading N/ contributions have been calculated transitions build up the “eye’(low-energy penguinand the
in Ref. [8] as nonfactorizable pseudoscalar meson loop cor-figure-eight” diagrams of the quark level. An estimate of
rections toK — 2. Their contribution has been found to be the absolute size of the total hadron-level-induced contribu-
of the same order as that of the genuine factorizable terms. [#on t0 theA,,/Az;, enhancement is also given.

Ref.[1] the following effects are mentioned as contributing . HADRONIC LOOP CONTRIBUTIONS

TO THE K— @ TRANSITIONS

*Electronic address: The effect of pseudoscalar meson loop contributions to
ZENCZYKO@SOLARIS.ifj.edu.pl K— 27 was studied in a dispersion relation framewti]
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contribution to come from the nearest-lying thresholds, i.e.,
from the PV+VP intermediate states. The relevant form
factor squared is then

2 _S a2
Fppu(s)= m\z/G (s), (4)

wheres/ m\z, is a Lorentz boost factor resulting from the phe-
nomenological form of the interaction Lagrangiésee Ref.
FIG. 1. Weak transition in hadronic loop. [19]):

and in a chiral approad8,17]. In a more phenomenological T=0ppvGeL(Pp—Pp)*. 5

way such meson rescattering final-state interactiesl) ef- . . .
fects are discussed in RdfL8]. In this paper we are con- Model dependence of the estimates of the size of hadronic

cerned with meson loothadron sepeffects inK — = tran-  100p €ffects is mainly through the assumed shap@ (). In
sitions themselveésee Fig. 1 If only ground-state mesons the unitarized quark model one accepts the form

are permitted in the loop, at least one of them must be a

vector meson (the allowed intermediate states are Gz(s)zexp{ _(
M;M,=PV, VP, andVV) (P denotes pseudoscalar, and

V vector mesons Although all these two-particle states are
much heavier than the P ones that were considered in Refs.
[8,14,17,18, their contribution is expected to be significant R = V8/Keuf . . o

as evidenced by estimates of their effects in hadron spectros- FOf P—VV transitions one uses in the unitarized quark
copy[11,13. A transparent way to include both pseudosca-mOdel the form{19]

lar and vector mesons in the intermediate state is to use gen- F2 . (s)=G(s) @)
eral ideas of the unitarized quark model of Rf1]. P.VV '

What we want to estimate here is, in essence, the contri- | the approach of Ref[11] the admixture probability
bution from virtual two-meson continuum states admixed|c 2 of the [M;M,) two-particle state relative to the
into the wave functions of the standard quark model. We, MlM,Z, 12 L
shall disregard the virtual states composed of charmed mePU® quark-mode! state for mesol is given by[20]

, (6)

) 2
kcutoff

wherek o describes théharmonic oscillator meson size:

sons as such states lie much higkigy about 2 GeY than c 2 (MMM TrHEFES E
those built of light flavors. [y, =L (M —=MM)[Tr(FyF,Fu,)
In the unitarized quark model the mass shifts due the in- +CyCp. Co THFLFyr Fy )12 @)
. i M“M, M, MEM, M )1
fluence of virtual two-meson states are calculated from
[11,19 where, for ground-state mesokt;M,, we have
1 (= Imil(s’) L(M—M;M2)=g’I(M—M;M,)

Rd_lij(qz):_; st , @)
thr EqZS(M—)Mle)I(M_}MlMZ)

where, forP — PV, VV — P loops, one has 1 f2
qus(MﬁMle);;

K,
ImHij(qz):_giMleng1M2ﬁkalFiMlM2(q2) xfm(ksl\/;)FfA’Mle(S/)ds’ .
thr s/ 2_8/ 2 ’
X (0, @ (=)

which vanishes withg>—0 and hence is adequate for an

where g denotes coupling constants amdg?) hadronic  estimate of hadronic loop contribution to tlfeanishing at

form factors. q?=0) matrix elements of th& — 7 transitions[21,22,1.
One can always perform a subtractiongdt=0 and con- The trace factor in Eq8) [Fy is the SU3) matrix cor-
sider the constant term in E€LL) to be absorbed into the bare responding to mesoll ] givesF- or D-type flavor couplings

mass so that the resulting pseudoscalar meson mass is sm@ee Fig. 2 depending on the sign cn‘:,\,,chc,\,l2 (where

The shit function Cy is the charge conjugation quantum number of meson
Q2 (= ImIT, (s') M). The spin-weight factorS(M—M;M,) are equal to
* ij 111 .
Rl (g2)= — — ij ds’ 3 77,5 for (M,M1M5) being P,PV), (P,VP), (P,VV), re-
ula)==7 S’ (a%—s") ® spectively, and they sum up to 1. The overall size of the

two-meson admixture is fixed by the size of the coupling
then takes into account those contributions from intermediateonstantf = f ,yy=5.14[Eq. (9)], and by the shape of form
virtual two-meson states that vanishgft=0. Estimates of factors[Egs.(4) and(7)].
the size of the hadron-level effects depend mainly on the There is some uncertainty as to at what valuegdfwe
choice of hadronic form factofs. One expects the dominant should compare the matrix elemef(q)|Hw|K(q)) with
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2 1
M,
M ” (mH[HW[K™) = AL~ ﬁAalzy
o M M
< = +
O|H,|K% = " A +\/§A
M, (77| Hy, >—\/§ 12 37312
Mg M2
H,|K% =B, H. K% =C. 13
FIG. 2. Diagrammatic representation Bf and D-type strong (7alHWlK®) (] HWlKT) (3
vertices. Using the Gilman-Wise valuds]
physical K—27 amplitude. Values froquzmﬁlz to c,=-211, c,=0.12, c3=0.09, c,=0.45, (14

g’=mZ have been proposed1,23. We shall use for th | fici it
2= (m2+m?2)/2~0.132 Ge\?. Using mp=(myc+m,)/ or the Wilson coefficients, we obtain, from Eq4.0) and

2=0.32 GeV and my=(mg«+m,)/2=0.82 GeV for (13,

the masses of the loop mesons we obtainl {&t— M M) Ass B C

the values given in Table [for different values of A—=—0.28, A—:O.ZO, A—=0.31. (15
Keutoii=0.6,0.7,0.8,0.95 GeVR,,=0.80,0.69,0.60,0.51 fjh 112 12 172

2_ 2 : H
For q”=my the entries in Table | are larger by 5-10 %. In Thg experimental value fdi, /Ayl is around 22, 6 times

the unitarized quark model of Reff11,17 the value of |arger than the theoretical value from Ea5) (|AyAgy| =
Keutor=0.7 GeV gives the best description of meson spectrag g) \when the short-distance penguin contribution is in-

Since, according to Eq(8), admixtures of two-meson cluded (with cs~—0.06) one obtaing1] |A,/Ags =4.3;
lp7), |pm), etc., states tar meson (pK), etc., toK) are all o

to be considered, we will have to deal with tke— » tran-

sitions as well. With the Fierz terms dropped and small A1 A

short-distance penguin contributions neglected, standard (A_> = Z( ) ' (16)
QCD-corrected short-distance calculations give the follow- 312" out fact

ing predictions for the amplitudes: an enhancement factor of 1.2 only. The remaining discrep-

+ N\l ancy by a factor of around 5 constitutes the=1/2 puzzle.
(7 [HulKT)=[e1=(ca+ cs+ca)]X, The hadron-sea-generated corrections to the matrix ele-
1 ments of Eq(13) are due to the weak Hamiltonian acting in
0 N P _ one of M;, M, mesons. Let the meson in which such a
(7 HulK) \/E[Cl (CoFCa—2¢a) IX, transition occurs be labeled ; (see Fig. 1. We restrict our
considerations to the case whéfhy, is in the ground state
1 (i.e., M;=P,V). For the sake of our discussion this should
{mg|Hw|K®) = —=[c1—c,+9c3]X, be a reasonable approximation: Quark-antiquark annihilation
V6 into aW boson is expected to be weaker for excited mesons.
In the normalization of Eq(8) the contributions from the

1 MM, = PV two-meson state@he meson undergoing weak
(m[HWlK%)= T[Cl+ 5¢2]X, (10)  transition underlined for clarityare easily calculable to be
3 [with SU(3) classification of amplitudes on the lgft
wherec; are Wilson coefficients and (27 Azp2,100= —2L(P—=PV) A,
X=(m* |~ (dw|0)(0| (UK "), (11) 1
(27) —=(A112,100p 3Bioop)
with the notation \/E Haloop P
—— _ _ 1
(qqu)—qZV,u(l 75)q2- (12) =—2L(P—>PV)—(A1/2_3B),
V10

Let us express the matrix elements of the parity-
conserving part of the weak Hamiltonian between pseudos-

. L . 1
calar meson states through amplitudes of definite isospin: (8)\/T)(3A1/2"°°p+ Bloop) = +3|_(P_>PV)E(3A1,2+ B),

TABLE |. Dependence of(P—M{M;) on Keyoft -

(S)Cloop: 0. (17)
R (fm) 0.8 0.7 0.6 0.5
Keutor (GEV?) 0.6 0.7 0.8 0.95 MesonM ; need not be a pseudoscalar meson. It may be a
I(P—PV) 0.075 0.106 0.139 0.192 Vvector meson as well. For weak transitions in vector mesons
[(P—VV) 0.0042 0.0061 0.008 0.011 We introduce notation analogous to that of Ef3): The

K* —p transitions are described by amplitude¥,, Ay, of
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definite isospin, etc. WheM ;=

diagrams,
Asi2.100= — 2L(P—VP)AY,,
L (A 3Bjoop) = — 2L(P—VP) —(A},— 3BY)
= _ - '
\/1—0 1/2,loop loop. \/— 12~

1
E(sAllz,loop"' Bloop) + 3'—( P— PV) \/—(3A1/2+ BV)'

Cloop: 0, (18
and(b) for VV diagrams,
Aspz.i005= T 2L(P=VV)AY),,

1
(AY,—3BY),

10

(A1/2,Ioop_ 3BIoop) =+2L(P—VV)

10

1
\/T)( 3A1/2, Ioop+ BIoop)

1 1
=+ - L(P>VV)| —(3AY,+BY)—45C"]|,
3L | T 3AuetBY V5
1 Vv A
Cloop:+§L(P_>VV) 4\/—\/—(3A1,2+B )+8CY|.
(19

Summing the contributions from a@tV+VP andVV in-
termediate states we get

Az 0= — 2L(P—PV)(Agpt A3 +2L(P—VV)AY,,

1
A 3B
\/1—( 1/2,loop Ioop)

1
= —2L(P—PV)—

N

(Ay,—3B+AY,—3BY)

+2L(P—VV)—=(AY,—3BY),

\/—

1
\/T)( 3A1/2, Ioop+ Bloop)

1
= +3L(P—PV)—

N

(3Ay,+B+3AY,+BY)

—4.\5¢V|,

v
AY,+BY)

1
+ §L(P—>VV)

1
\/?)(
45—

1
Cloop=+ §L(P_’VV) (3A1/2+ BY)+8CV].

J10

(20

V we have contributions
from VP and VV two-meson states. They afe) for VP

If we had a fully P-V symmetric situation, i.e.,
L(P—-PV)=L(P—VV)/2 andA=AY, B=B", we would
get, from Eq.(20),

A3/2, loop— 0,

p 3Bloop) =0,

1
—(A
\/R)( 1/2,lo00

\/E( 3A1/2,Ioop+ Bloop) + 5CIoop: 0,

1
—(3A +B —2C
\E( 1/2,loop Ioop) loop

1
=12L(P—PV) E(3A1,2+B)—ZC . (2D

Thus, we see that in the symmetry limit the two-meson
states give no contribution to th&7-plet Al=1/2 and 3/2
transition amplitudes. Furthermore, only one of the two com-
binations of octet A1 =1/2) transition amplitudes receives
contributions from such states.

From Egs.(10),(13) we get

3
A= E(Cl_ Co—C)X, Agp=v3cX, (22

with similar formulas forAY,,, A}, in which X is replaced
by XV — the factorization contribution from a weak transi-
tion in the intermediate vector meson:

XV=(p"| = (du)|0)(0|(us)|K**). 23

The matrix elements of currents in Eqdl), (23 are
given by

(mrAR0)=T,0"  (p*[VH0)=Tf.e", (24

where f . =0.13 GeV,f,=0.17 Ge\2. For the sake of the
order-of-magnitude estimate and in accordance with the
SU(3) symmetry used elsewhere in this paper we assume that
fu="1,, fux=",.

Using Egs.(20), (22), (24) and taking into account the
fact that a weak transition may occur in any one of the two
intermediate mesons one derives
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f\2 f,\?
A3,2=Af35}gt[1—4l(P—>PV) g%+ f—” +4I(P—>VV)(f—” ]
ot 9 f )2 Ci+7c,+2¢5( f,)2
_ pfact 1 M2 T VM3 ~> P _ 1 2“3 p
A=At 1+1(P—PV)| 5+ ci—c,—c, || @ +(fﬂ } 21(P—VV) Ci—Cp—Ca (f ) ] (25)

where G?=0.132 GeV* and (f,/f,)?=1.71 Ge\?. From thresholds where such differences might be important. In the
Eq. (25 it is clear that contnbunons from transitions in in- 3P, model, factorsL(P—PV*) are given by a formula
termediate pseudoscalar mesdesrresponding to th@?  similar to Eq.(9).
piece are negligible with respect to those in intermediate The contributions from theVP* [P*=B (axial
vector mesongthe (fp/fw)2 termd. Inserting the numerical JP¢=1"") mesor two-meson states are
values of thec; coefficients we get
Agr2,1005= + 2L(P—VP*)Agy,

Gt g ST o g
Lt Lt Al,z,loc,p:L(PHVP*)Z(Am BY-4.2CY). (28
Sincel (P—VV)<I(P—PV) (Table ), one concludes that
contributions fromVV loops are much smaller than those Finally, contributions from th&/V* diagrams are
from PV loops. The factor of “5” in the second of Eq&5) v
is due toA [K*(K)— p(m)] amplitudes while the fraction Asiz,loop= ~2L(P—=VV*)Ag),
0.61 added to it comes froB amplitudes. In other words the
dominant contribution to hadronic loop enhancement of the
isospin 1/2 amplitude comes from ti& — p transitions in
virtual intermediate states. Plugging in the numerical values
into Egs.(25) one obtains results gathered in Table 1. The size of contributions frortMM* states may be esti-

So far we have considered intermediate states composédated by looking at Eqg27), (28), (29). If we assume that
of ground-state mesons. In strong virtual decayshe size ofl(P—MM*) depends mainly on the position of
M — MM, the p wave (that must appear somewhere to en-the MM* threshold(with otherwise similar shapes of inte-
sure parity conservation in the productionapd pair out of ~ grandg, we should have (P—VV*)~2L(P—VP*) and
the vacuum may reside either between mesodsM, or ~ L(P—PV*)>L(P—VP*). Then
within mesonM,. The contributions from these two possi- v
bilites may be comparable. The spin-flavor Agi2,lo05= 2L (P—= PV*)Ag— 2L(P—=VP*)A3,, (30
factors  (Tr(F{yFu Fu,)+CmCwm,Cwm,Tr(FyFm,Fu )]?
*S(P—MM,) corresponding to the total contribution from
all possible intermediate states under consideration are gat
ered in Table IlI.

When thep-wave excitation resides in thd, meson, the
total contribution from th&s- andD- wave two-meson states
PV* [V* =S(scalar,J?€=0""], A(axial, 1" *), T(tensor,
2**) mesongis

1
Al/z,loop: L( P—VV* )E( 1/2+ BBV) (29

leading to a small resultant negative contributionAtg, oo,
A3/2<A3,2) For theA,,, amplitudes, on the other hand, the
ominant (positive contribution comes fromVV* loops

(large numerical  factor of  “57. Although

[(P—PV*)>1(P—VV*), the contribution fromP— PV*

is small sinceA,,,<AY,. Contributions fromP—MM* dif-

fer from previous estimates of contributions from intermedi-

ate ground-state mesons by factors of the order of

Asiz00= + 2L(P—PV*)Agp, I(P—>MM*)/|(P—>VP). It is notori'ously difficult to esti-
mate numerical values of such ratios since they depend on
1 the poorly known shape of form factors. Taking into account
A1/2,1005= L(P—PV* )E(Al’z_ B-442C). (270 the difference in threshold positions orflye., using the form
of Eq. (9) and the shape dfpyy in place of Fpyu+ SO that

1 H T *
In writing Eq. (27) we summed the contributions from the in the limit of the MM—MM* threshold degeneracy one
S andD waves by assuming that they are equal apart fronfecovers the Zweig rule as expected in the unitarized quark
their difference in weight. This should be a reasonable as modeﬂ results in a value of the order of 0.03 for these ratios.
sumption since, at small values gf, we are away from This yields an additional enhancement of the ratio

TABLE Il. Loop contributions to isospin amplitudes. TABLE Ill. Spin-flavor factors forP— MM, loops (summed

over flavoy.
Keutofr (GEV?) 0.6 0.7 0.8 0.95

PV VP VV PS PA PT VB VS VA VT
AP plact -0.12 -0.17 -0.23 -0.32
AlSPalfact +0.19 +0.27 +0.35 +049 3 8 3 swae ¥ 0 O Y 0 1 o0
(AyplAgpy) o 1.35 1.53 1.75 2.19 Dwave 0 O 1 1 0 3 3
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A1/ Az by some 10%. The total enhancement factor for the
Ayl Az ratio is then close to Zrecall also the 5-10 %

additional enhancement of the values of the loop integrals if M ,' Q M
g?=m2 is used.

[ll. DISCUSSION ~

Let us see what types of quark-level diagrams are gener-
ated by hadron-level loops under discussion. Consiiéy (a)
VP, andVV intermediate states. In the contribution from the
PV andVP loops[Eq.(17)], strong vertices are described by
F-type flavor factors, while for th®V loop the correspond-
ing couplings are ob type[see Eq(8)]. The flavor structure
of these strong vertices may be represented diagrammatically
as in Fig. 2. The wavy lines symbolize confining strong
forces.

The structure of the product of flavor factors correspond-
ing to two strong vertices of the loop is the@) for
P—PV—P or P—VP—P loops,

Tr(FMlFY, Pl DTHFy [Fu Fu ) (3D ®

and(b) for P—VV—P loops, FIG. 3. Quark-level diagrams generated by hadronic loops of
Fig. 1: (a) “eye” (low-energy penguin (b) “figure-eight.”
Tr(Fu{Fh FI TR AFu P (32
When one assumes a fulllP—V symmetric situation
Using the equality Sy_1gTr((AM)Tr(AMT)=Tr(AB), (A=AY, B=BY) and the summation of contributions from
summation over all intermediate mesokk, may be per- pyvivyp and vV configurations[Eq. (33)] is performed

formed, giving the expression (note the relative spin-weight factors
PV:VP:VV=1/4:1/4:1/2), the “figure-eight” contribution
Tr(FmtFmFm tFmy) + Tr(FuFuiFu:Fur) drops out totally from the final formuld&q. (21)] and, con-

sequently, expressions in ER1) correspond to the low-
+Tr(FmiFmFmFw ) F TH(FyFmiFwtFv:), (33 energy penguin interaction withaquark loop.

When P-V symmetry is broken(by nondegenerate
with a —(+) sign forF (D), respectively. Flavor contrac- threshold positions and in input weak amplitudtre effec-
tions implicit in the first and the second term of E83) are  tive contribution from the “figure-eight” diagram reappears
visualized in Fig. 8a), while those of the remaining two suppressingenhancing the Ay, (A;,) amplitude.
terms in Fig. 8b). The black blob in Fig. 1 is replaced in Fig.  Although it is notoriously difficult to make a reliable es-
3 with boxes marked with dashed lines. Inside the boxes thgmate of the size of hadron loop effects and our calculations
diagrammatic representation of the genuine factorization preinvolve significant simplifications, it should be obvious that
scription is drawn. the contribution from two-meson intermediate states is sub-

Figure 3a) represents the familiar low-energy penguin stantial and may be responsible for a part of thie=1/2
(“eye”) diagram, while Fig. &) is easily recognizable as overAl=3/2 enhancement. In our estimates we obtained for

the “figure-eight”-type diagram with soft gluon exchanges R~ 2/3 fm an overall enhancement factor close to 2.
between two quark loops. When the internal organization of

the weak-interaction box is taken into account, the “figure-

eight” diagram of Fig. _Bb) is actu_ally equivalent to the ACKNOWLEDGMENTS
W-exchange diagram with all possible soft gluon exchanges
between an initialantiquark and a finalantijquark [24— This research has been supported in part by Polish Com-
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